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Dedication

Auguste Salath6

The Proceedings of the llth Annual Me€ling of the
IUPS Commission on Gravitational Physiology is dedi-
cated to Dr. Auguste Salath{ a pioneer in the field. He
was born l0 June 1849 in Mulhouse, Francg to Judith
and Charles Auguste Salath4 MD. After training in Nat-
ural History at the University of Strasbourg, he attended
Medical School in Paris, receiving the MD degree in 1877

with a thesis entitled, "Moyements of the Brain and Mech-
anisms of Circulation in the Central Nervous System."

Subsequently, Dr. Salath6 worked in the t-aboratory of
M. Marey at the Coll;ge de France where he had access

to advanced physiological instrumentation developed by
its director, Dr. E. Jules Marey. This included sensitive
and accurate apparatus for Ihe measurement and graphic
recording of blood pressure and heart and respiratory fre-
quencies (l).

Salarhr! studied the effect of the head-up (+G,) orien-
tation to gravity on hemodynamics in rabbits (2). He ob-
served increases in femoral and decreases in carotid ar-
tery pressures, which were followed by unconsciousness,
convulsions, and death within 45 minutes. All of these
premortem changes could be reversed by returning the an-
imal to a horizontal position. Salathi also observed that
the head-downward position (-G, was well tolerated,
not producing any adverse response for several hours. In
some experiments, he used trephined animals with the
opening covered by glass (3). In such animals head down
(- G,), cerebral congestion as well as a dark red color of
buccal and nasal mucosae and injected eyes were apparcnt.

Experiments on the effect of orientation to gravity had
been done by Piorry (1826) and Marey (1863). Salarh6 re-

viewed their reports and comparing them with this own
observations concluded, "After a prolonged decubitus [re-
cumbencyl one can see the production of two phenomena
when the subject is placed in an upright position, cerebrat

anemia and congestion of the legs because the deaccus-

tomed vessels do not react against gravity." This is a clear
statement of the deconditioning of the circulatory system

and the resulting increased susceptibility of animals to or-
thostatic hypotension after chronic recumbency.

Salathi also developed a centrifuge to compare the ef-
fects of centrifugal force with those of gravitational orien-
tation (2). He was aware of E. Darwin's proposal for the
development of a human centrifuge (1803) and also
Mach's hypothesis (18?5) of an equivalence of the effects
of gravity and centrifugal force on sensory systems.

In his experiments he centrifuged rabbits in a 'head-
ouf' (-G.) or "head-in" (+G,) position. The 'head-in"
position on the centrifuge essentially reproduced the
'tead-up" orientation in earth eravity, and the centrifuged
animals exhibited sirnilar response, dying within 6-15
minutes. Centrifugation in the "head-out" position was
tolerated better, the animals surviving at least twice as
long as with the "head-in" orientation. Salath6 concluded
that these observations with gravity orientation or with
centrifugation experiments were the result of induced
changes in hemodynamics and the distribution of blood.
To test this, he devised an apparatus (a "hermetic vase")
with which he could v"ary the air pr€ssure amund the lower
body of rabbits, changing blood distribution (2). The ef-
fects of this treatment on circulation werc the same as },ith
a head-up orientation to gravity or with a "head-in posi-
tion on a centrifuge

Thus, over a century ago, Dr. Auguste Salathe antici
pated the principle experimental techniques (excepting

earth-orbital vehicles) of gravitational physiology. He
greatly anticipated the use of the Tilt Board (1913) or the
Lower Body Negative Pressure (LBNP) device (1964). His
animal centrifuge studies were contemporary with those

of Tsiolkovsky, to whom the Proceedings of the Fifth An-
nual Meeting of the Commission on Gravitational Phys-

iology were dedicated. Salath6's pioneering achievements

in gravitional physiology have not received the general

recognition that th€y deserve
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IMPORTANT
PRELIMINARY ANNOUNCEMENT

Twelfth Annual Meeting
IUPS Commission on Gravitational Physiology

October 14-1E, 1990
kningrad, USSR

The Twelfth Annual Meeting of the Commission on Gravitational Physiology of the International Union of
Physiological Sciences will be held in t*ningrad, USSR, Ocrober 14-18, l99o.

Symposia by invited speakers, slide presentations of voluntary papers, and poster sessions dealing with the ef-
fects of physiological systems of humans, animals, and plants of changes in magnitude or direction of the force
environment will be scheduled. The effects of weightlessness during space flight, acute and chronic acceleration,
vibration, and the various forms of simulated weightlessness are included as well as consideration of the evolution-
ary consequences of gravity and the role of gravity in the manifestations of scale effects in animals and plants.

Your participation in the Commission Meeting is welcomed. Information and Call for Papers may be obtained
from Orr E. Reynolds, Ph.D., Commission Business Officer, American Physiological Society, 9650 Rockville Pike,
Bethesda, MD 20814, USA.
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Opening Remark

It gives me great pleasure, as Chairman of the
Intemational Commission of IUPS on Gravitational
Physiology, to welcome you to the Commission's
Eleventh Annual Meeting. It is the first time we have
a Commission Meeting in France, and we are much
honored to be here in Lyon as guests of the Claude
Bernard University and the University of Saint
Etienne.

The scientific program of lhis meeting includes over
90 presentations. In addition to the sessions in which
the voluntary papers will be presented, there will be
three symposia with invited papers. The first of these
symposia, dealing with "Recent Space Flight Results
in Gravitational Physiology", will be held this
moming. The second symposium, that on "Current
Concepls in Gravitational Physiology", will be held
tomorrow morning, and the third, entided "Gravity
and the Cardiovascular System" is scheduled for
Wednesday moming.

Current aereospace technology exposes human
subjects to extreme varialions in the gravitational
forces that range from almost zero during space
travel to as much as nine-times normal, or more,
during operation of high performance military
aircraft. When the Commission was established in
1974 by the IUPS Council, a driving force was the
need for research in the new problem area associated
with the advent of the space age. It is p€rhaps natural,
then, that so far the scientific programs of our annual
meetings have been mainly concerned with the
biological effects of microgravity.

Many links are still missing in our understanding of
the physiological chain of events that lead to adverse
changes under the influence of microgravity. In
prolonged space flight, we have so far attempted to
counteract these changes by interventions that have
necessarily been of a makeshift character because
control experiments have been lacking. However, by
regularly employing such countermeasures we have
compromised the body's spontaneous adaptation to
microgravity, and we therefore do not know, if with
time, lhe body can truly adapt to this environment.

It is axiomalic that all problems connected with the
physiological decay caused by microgravity can be
solved by substituting centrifugal force for gravity
during spaceflight. So, eventually, in order to
facilitate long-duration residence in space, the

engineers may have to step in and provide centrifugal
force as the ultimate protective device. Even if this is
bound to happen, we musl continue to study the
fascinating effects of the effective absence of normal
gravity, perhaps the most familiar and the least
understood of all environmental forces.

Physiologists have been successful in defining the
environmental hazards encountered by man in high
altitude flight; on the basis of such knowledge it has

been possible for the engineers to create a safe
microclimate that protects man in a hostile
environment. On the other hand, man cannot be

shielded from the action of high, sustained G forces
as long as maximum aircraft maneuverability is a

requirement. Here technology has little to offer in the
way of protection. It is therefore the task of the
physiologist to devise methods for minimizinS the
effects of the acling G force. The circulatory system
is especially sensitive to the action of G forces. It is
appropriate, therefore, that one of the symposia of
this meeting has been devoled to cardiovascular
adjustments to hi8h, sustained G forces.

I would like to conclude these remarks by extending,
on behalf of the Commission, my gratitude to the
local organizing committe, Professors Claude
Gharib, Ch. Alexandre and G. Gauquelin with
coworkers and to supporting national organizations,
which have so graciously contribuled to making this
meeting possible. I would also like to express the
Commission's gratitude for lhe support given by the

European Space Agency, the Soviet Academy of
Sciences, the U.S. National Aeronautics and Space

Administration, and the Galileo Foundation, a

recently established organization for financial
suppo( of the Commission's activities.

Hilding Bjurstedt

Papers publishcd in the Procecdings of tlre Elcventh Annual Meeting of the IUPS Commission

on Gnvitational Physiology have been rcvicwed and approvcd by the Commission.
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RESUITS OF STUDIES OT }DIOR I'UNCIIONS
IN IONG-TERIT SPACE T'I,IGHTS

l.B.Kozlovskaya. v. A. Barnln 'v. l.Stepant6ov r N. M.Kbarltonov

Instltut€ of Bionedical Problems t
I{oscorYr USSR

Idotox functlons dlsturbaJrce8 occupy
an lnportant place i.n the complex of ef-
fects ceused by prolonged exposurea to
Eicrogravtty. Results of previous studleg
and observationB perfolned on crew nem-
bers of long-term space flights (Sl) on-
boaxd of the ttsalJrut-6 orbital statlon
bave revealed a wide spectrr.rn of changes
ln aluost every component of motor systen
includin8 muscles ( trypo- or -atrophiat
atonla) I sensory inputs and spinaL re-
flexes (byperactlvlty of many 1f not all
proprioceptlve iDputs, hrperreflexia of
varylDg degreeg), integrative Eotor con-
trol mechanlsms (posture r locomotiont
accuracy control). The lntensity of dis-
turbances in different coBponents vary-
lng appreclably did not lntercorleIate,
thus polntin8 out to thelr independence
and different Benesis ( 1. B. Koz lovg kaya
et aI. , 198I) . 

-

Results of sirulation studles (3-7-
day dry water imrersion, DI; antiortho-
static bed rest, ABR of 3o-350-dqy of
duration) have shown that depth and duta-
tion of notor effects caused by nl,crogra-
vity are defined q{ least by 3 factorst
natrely, du.ration of expoaure, individual
resi.stance and chaxacter of pwsical exe-
rcises used during exposure. The import-
ant role of the fi-rst factor has been
obviously demonstrated in sltuations,
where phrsical exercises were by sone
reason neglected. In this case the second
factor - lndividual resistance become 1n-
portant especi-ally ln exposure of not ve-
ry long duration deflning the end results.
But when physical exercises are used tbe
.ro1e of above factors is dininished and
the results of exposures are almost com-
pletely deflned by Ph! characteristica.

In accordance with th
seemed extremely irportant
conclusion in s ltuation of
vlty.

ata 1t
erify t hls
mlcrogra-

plevlously (I.B.NozLovskaya et a1. ,
1981) and i.ncluded tests and methods
that allowed quantitatlve evaluatl,on of
changes ln dlfferent parts of notor sys-
ten. The state of support jnput was de-
termlned wlth respect to the vLbrosensl-
tivlty threshold of the sole eupport
areas (A.A.Otelln et aI., 1975). The
state of the muscle input arrd related
mechanlsms of spinal regulationE was ev+
luated with the a1d of the lecrultm€nt
curve of the gastrocnenllds flruscles (I-
reflex), showin8 the reflex amplitude
aE a function of stimulation stren8th.
In order to evaluate the state of past-
rocnemlua (c) 6nd tlb1aIis anterio; (TA)
nuscles the lsokinetic dynanometry test
wae used in which the speed and strength
of the muscle under'study were measured
lvlth respect to the force moments and
the IMG when the sub
foot with hiE
s) and low (5
ing isometric cont r ac

h (1BOo
ect was movlne the
s) , mcderate (1200,/
eed ss well as dur-
t 1ons.

i
I

ools) sp

tr{otor contlol systems state was
determined on the basls of stablloSra-
phj,c data and characteristlcs of postu-
raL syner8ies. The stabllogxaphic record-
Lng were conducted accordlng to the
standard procedure for 3 m1n,

1- co:.fortable postu!e wlth eyes opeDed;
2 - tde same posture wlth eyes closed;
3 - Rombergrs posture. The upright stabi-

Ilty was also neasured 1n relatlon
to the chalacterlstics of correction re-
sponse jn ttle test with perturbatlon of
the body balance, generated by pushe€ of
a kno,nn force against the subjectrs
c hest.

Observations were carried out befo-
!e, atld on days 2-4, 6. 11 and 45-72
after fllghts. The plefllght data were
used as contlo 1s.

The observations were perforned on
25 caewmenbers of long term space
fll8bts onboard of the rtsalyut-6r7r andnl{irn statlons. The duratione of fllghts
varled froE 50 to 355 days. In 14 cases(of 25) cosmonauts visit;d space the
flrst timei in 4 - the long dwation
fllght was preceded by short du.iration
(7-dey) one; in?cases cosmonauts were
already acqualnted with long term spaceflights (F1s. I).

ngqqlt s a4d Colqlusion

Material and ldet hod s

[he protocol of motor fr.rnctlons test-
in8 in f1j-Bhts onboard of rtsalyut-7rr andnllirrr stations was identi-cal to that used

Besults of studles revealed in a1L
nembel8 of long term SF alteratlons of
notor functions analogous to thoser de-
scribed earller (1.8.1(ozlovskqya et al.,
1981r 1982, 1985). On return to the
Earth the crelymembers showed certain
changes 1n state of 1) muscle ploperttes
demonstrated by an obvious decrease of
the gastrocnemlus nuscle stiffness, lower-
ing its strength - velocity abllltlesr
subatrophy and even atrophy; ii) proprio-
ceptive inputs and spinal reflex mechan-
isms, shown by a definlte increase of
sole support areas vlbro s ens 1t lvity as
well as muscLe stimulatlon sensitlvity

ese d
to v
real
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Fic. 1. Depend enc
(shown by
The absci
tensity o
on the ri

(AchilI reflex); decrease of the naximal
EMG response and distu-rbarces of inter-
limb synexgyi iii) motor control systenst
revealed by a decrease of upri8ht postu-
re stability, especlally evidetrt in per-
tujbation test; locomotor d isturbanc es i
alterations of accuracy control (\ryo-
gravltat ional at axia ) .

Intensity and duration of ctranges
in different SI dlffered considelably.
But again they did not show any colre-
lation wj,th SF duration, demonstrating
at the same time quite strong correlatj--
on with the intensity and volu-Ee of PhX,
used during flight (Fig. I).

This conclusion is supported stxolg-
]y by the results cf studj-es, performed
on members of crev/s of the 2nd and 3rd
expedition onboard of l/i! statioD.
that are demonstrated in Figs. 2-5. As
it is seen i.n Figs. 2r3, the decrease
of the str engt h-ve1oc lty prope.rties of
gastrocnemlus muscle was maximal jn thls
group in one member of the 2nd cre{ wlth
150-day of SI' - the value of loss reachetl
1n this case 6Q-7V"; the mininal loss oD
the opposite vras recoxded in Eenbera of
the 3xd expedition with 366-day fli8ht
duratlon and the 3rd member of the ?ad
expedition with 33O-day flight duxation.

Analogous results were obtained whe[
depth arld duration of the upright postF
re alterations were compared. These lee-
sults are sho$m in ligs. 5-5. It is seen
that coIrectj-on time in perturbation
test increased after SF 1n one nenb er of
the 2nd crew ! tines (duration of SI ln

this case was 175-dqy) i at the same tine
in 2 members of the 3rd expedition (-?60
day) arld 1 of the 2nd - wlth J3o-day of
flight duxation the increase reached
bardly 1.5. The same waa true also for
the other characteristics of the corre-
ction respons es.
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e of bhe intensity of Bicrogravity effects on space flight durations
circles) and on volume of pbysical exercj-zes (shown by t.riangles).

ssae shows the rank numb er of the crew merrber accordin8 to the !c-
f motor effects. Ttle ordinate (on the left) shows flight duration,,
gbt - volume of pbysical exercj-ses in narks.
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Itg. 2. Stren8t h-veloc ity propertles of
m.gastrocnemius in crew nemb ers
of the 2nd expeditions onboardtrMir'r stat ion.

Tbus, jn full accordance with the
conclusioDs grew out of simulation studi-
e, the results of present studies demoD-
strated clearly the independence of theintensities of space flights motor ef-
fects on the f]i8ht duration and on rhe
opposite thefu flrn dependence on charac-
teristics of plrysical exercise counter-
lleasure used dur inB flight.
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f'19. 5. Characteristlcs of correctlve
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Dastructlvc a.Dd Atlaptlvc Plocsasos
in EuEan Yertebral ColuD.D UDdar
Altoretl Gravltatlonal PotoBtla1

G.P.Stupa](ovr Iu. V.l{azurlnt
v. g.Kazelkln, I.B.folseJrav t
Y.Y.KaIlaktn

Iastltuto of BloDodlcaL Problena t
ItroacourIrBSB

trana of alestructlo[r roparatlot and
adaptlvg reforDatlon processsa of htuaa
vertebla1 colte! structurea have been
IDvostlgatgd i! the papst aa a functlon
of gravltatlonal exlrosure aDpUtutlo t
dulatloE and rocurrencs und6! aeroEpace
flights by u6lng the €xperlnental dates
anal thc Eatbsnatical Eodel.

fD th6 l)ractlce of a3rospace fliShts
huear Eay b6 Bubjected to gravltatioDaL
factors of varlous charactellstlcg affec-
ting stata of Duscufar-skele tal appara-
tua. lloreover the no6t frequent and alg-
Dtflcalt cha!6oa aDd aftor-sffectB have
beeB observeal ln the voltebral colunn
(5). ee goaL of thls s tudy Is to esta-
bllBh geDeral laws of destructlver repa-
ratlvs and atlaptlve processea iD bhe hu-
lan vertebraL colunD rBlated to gravlta-
tlonal potentla]. changea tlurtng aerospace
fll8ht. Chalacterl8tice ol thlg potentlal
nay be subdlvltled, into aeveral classegr

1. slngle blgb-lntensttlr lnpact expo-
sur€ rslateal to aD ojactlon processi

2. repeated iDpact expo8ures of avera-
Be lntensltlr related to pa,rachute junps
anal aLrcraft aeroflDl8har lanallngs i

3. repeatsd ln-fllgbt acceleratlons i4. wetghtlessness.
I! tbe above nentioned. classea travl-tatlonal potentlal has been shof,n to dlf-

fer lD nagnl tude (srpHtude) and exposu-
re tloe, 1.e. lenplltude-tenporalrr cha-
racterlstlcs of a stress exposuro Eay d€-
ternlne differences in tb€ verteblal co-
luD! norphologlcaL cbanges ul]dgr varlons
conditlons.

Eey processes Ehlch define tbese dlf-
ferences aice !

- vortebla struc bure deatructloDt
- vgrtebra repa-ratloai
- adaptlve reforeatlon.
ForDallzatlon of the eentlonad. ploces-

ses 16 oxpected to requlre tliffereDt ap-
proaches lD lnvestlgations and thoolletl-
ca1 EenelaLlzatlons.

fDvestl8atloD of destructlon processes
for h5pergravi tat lonaI cond.ltiols (clas-
ss8 1-3) has beon conducted ln bh6 serlas
of the hrnna! vortebra segEent TT?-IJ.
studies with varlous ratoa of ItedIdE
correspondll8 bo characterlstics of la-
pact expooulss antl lD-fught acceleratl-
oDE. hocesses of Elcrodastructions of
vertevra structures bav€ beon assessetl by
para.netera of acoustLc enlssloD (a), i.e.
by acoustlc slgnals acconpaa5ring soie
crack foros.tlon recordad at a leve1 of
r12 (Fls. 1).

-h- 

td.d.drd-.,Ia

i
I
I
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lhe lnltlal data obtalned 81ve an op-portuDlty to study and explain after-ef-
fects of BechanicaL loadlng upon tbe ver-
tebral coluDn of bhe above nentioned three
classos of hJpergravltational potonllal..

Eiectlon Ixopact Accelaratlon
. Operation of the nost loodern 6j6ctton

sJrste[s rssuJ.ts in vsrtebral colunn expo-
sures srounting to about 606 of the va1ue.
wbich produces a trauDatlc danage of thefirst d.egree (Btaae) of severitj. In ac-

Fig. 1 lUustrates tbat fLretly ln ca-
ge of defor]Batlon arlsesr enlsslon s16-
nals lDcnease , secondly that the sane
na8nltude of defornatlon la aseumetl to
oorcxespond, to nole iutenslve cracka for-
nation under condltloEs of lopact loa-
dln8s than under quasl-statlc loadinga
typlcal for tn-f1lght accsleratlona. In
othe! words destructlve processes have
been sborE to predomlDate llr characterig-
blcs of vertebra d.efornation under lmpactl
and convergely unals, quasl-statlc loading-
elaatic and plastic onos. Tbls ls partl-
cu]-arly lnportante !n a Bystenlc investl-
gatloD of tllffarent mechanlcal effects
upon human vertebraL c ohrD!.

lhe aost lmportant aspect here lg a ra-
te of repaxatlve proceases which ls dif-
flcult to ascees la bunan expellnents.
The-..refore an lndlrect nethod has been er-
ployeci to express the e&rLy obtained re-
Iatlonsbip bebween clinlca1 recovery tine
and the vertebral colunn destructlon ex-
tent (r) and parameters of acoustlc enl€-
sion. The conparlson of tbe acoustlc sl8-
nals nunber, corresponding to the first
trauoatizatloD stage and a typlcal (for
thls stage) tlne of EedIcaI iehabllitatl-
on, lerEits to obtaln a relationshlp ref-
loctlng tLne of reparatlve process for a
certaln nunber of mlcrodes truct ions with
a! assunptlon of thearlty of bhe lndices
lnterdepend.ence (Ftg. 2).
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Rssults of acoustlc enlssLo! record-
lnt untla! loadlng of the vertebra segaonts
ala1 neasurtng of acceleratlons affectfuS
humaD body durtng sinulated parachuto
landlngs denonstlats a poss1bl1lty of
some vertebra ntclofractures at each lm-
pact. Effects of these repeated Impact
exposurea for roDote periods ara erpected
to be assess6d by the ratlon of the cha-
racterlstlca "des truc tlon-reparatlon". ff
a duratlon of a perlod between exposures
IB sufflclent for reparatlon of the dest-
ructed structure lntegrityr then dovelop-
neDt of any pathologlcal thifts ln the
vertebral co1uEn is uallkely. And on the
contraryr ln case of lncornplete repala-
tlon, srunatloD of effects of vertebra
irpact loadlng !s posslble along wltb va-
rleby of pathology. Such coDsideratloDs
are appareDtly relevant to pilots of na-
val avlation wltb aeroflnisber landinS.

Repeated t!-fIi.ght acceleratioDs

cordaDce rlbb ths lesu].ts of thc experi-
nenta on tbe vertebla aegmeltsr tbo nu!-
ber of the veltebra Elcrodes truc tlona la
asttDateal to avera8e 3q of the overall
nuuber b54lica1 for nacrotrauma. TakLng
lnto coDaid€ratlon the data of FLg. 2.
thc tine of tbe reparative process of the
dsveloped. ELcroleslong accouats fo! about,14 alays. T'be Boat probable result of eJec-
tlon isould be absence of any unfavourable
leaote after-eff6ct9.

Repeatett lmpac t acceleratlons of
l!ter:medlate lntenelty
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(.lolntl,y wlth V.S.OgaEov and A.S.RacbEa-
nov), besides roenttenodlagno8 tlcs of the
vertabrae statB haa been coaductetl.

l,loDotonlc ' plactlcal-Iy uDchangetl coD-
tent of mlnera]. aubatalcea in vertebrel
bodlos ha.s been obsarved lE parachutlsts
of ailfferent groups aged 2O-l! years ln
a stue.y of vertebra body denaity lD con-
parLson wlth it8 decreaae !n the avera8e
nale populatlon (!n accordance wlth tho
lLt€rature data, 4).

The denslty of vertobral bodies ha8
been lncreased fur the pIIotB aDd. by the
aae of 39 tb.e allfference8 reacbed about
16fr lD coq)all8on wltb, the control group.
A slgniflcaDt dlrect cortslatlon bae been
obgerved bebreeE the body nlrss and th6
ov6ra11 bone vertebla nlneral (couela-
ti.on coefficlent r=o.52o p< 0.o2) ln
case of the slEl'lar coEelatlon lack lD
the parachutlsts (r=O.021).

Accordlng to the d.ata of ou! previous
hvestlgatlons (r), th6 correlatlon of
the nentloned indlces has not beeD p!ac-
tlcally shown in the average nale popu-
latton (r=0.'15).

Pathological sJrnptoEs nanlfssted tn
a forn of narked os teochoDdros ls r nultl-
ple Scb.norl I s he!nla63 and deforning
spondylosls have been revealed ln para-
chutists at X - ray exa.ninatioD of tho
verteblaI colunD 4-10 tinea nore oft6n
than ln pilots.

After-effects of Bravitatlonal expo-
sures, dlfferent by nagnltude anal dura-
tlonr_ nnqy be revlewed under category of
"dos#ffect". lhe largest conposlte of e
dose, 1.e. of a load integral by tlne,
depends on coaditlons of nornal locornotor
activlty under vertlcal posltlon aDd
durlng lleep (horisontal posltlon). Tbe
greatest ampll tude of the gravitatlonal
exposure correspondo bo Lnpac t accel,era-
tions ln parachutlsts, and the lesser one
-to ln-fltghb accelenations 1n pilots.
'rDose'r cb,arao terist lcs of these exposures
ale estiEated to be respectlvell O.O.14%
and O.4 of the value related to nornal
loconotor actlvltX ln a vlgilant state.

Th.e conparison of dynanlcs of vsr-
tebrae bodles denslty wlth the brJ?srgra-
vlty characterlstics allowa to concludei
that tbe gtructural changes of bone sub-
stance d.epend both on ths raagnltudo and
the d.uratlon of nechanlcal stresa. The
dulatloB of the lnpact load on palacbu-
tists ls evldently lnsufflciert to lDd.u-
ce the narked adaptLve cbanges, dlrected
at lncreasltrg the vsltabrae reslstaDce to
nechanlsal 1o8.d through lncreaslng thelr
Btructure denslty. lor all that, one nust
take lnto account, that partlally bone
formatlon potential ls spent on the repa-
ratlon of danaged structures. The above
pathologlcal changes d.evelop with tlne ln
case of lnconplete reparatl on.

The effects of in-fllght prolonged
acceleratlons ale characterlzed by the
nor€ narked adaptlve changes of bone
denslty, beconing gxeater wlth the in-
crease of th6 force ]oad, whlch i.s lndl-
cated. by the nagnltude of body nass.
Meanwhi-le the llcrease of ln-flight loads

Practlcal, absence of vertebra struc-
ture destxuctloDg at setBent loadings due
to erq)oaure bo in-fltght accelerati-ono of
69 alIowe to assuna that even wlEhln a
long-tern fllgbb practlce there le no suE-
natlon of the veltetrral cohEl] dastructlve
procssses ln pllots. uoreover takln8 lnto
aolslderation exlstlng tbeoretlcal ldeas
of bone s tructure reforEatLon cbaracte-
rlstlcs uDder thelx necbanlcal loading
(3) it ls posslble to expect a develop-
nent of adaptlvs vertebra processes tsatlt-
festlng by thelr d€nslty lncreaso.

Valldatlon of the suggested bypothes-
ls has been perforned by tbe results of
the pllot eranlnatlons who have eiected
fron an alrcraft wlthout conpllcationst
sports{en-parachut ls ts and sporbnen-
pllots.

Itr a year followlDg the ejectlon
there rrere no dlfferences ln the rate of
roentgenographlc syBptons of the verteb-
ral colunn oBteochondrosis in 20 pilots
aged 2r-)O tD compallBon bo the pllotE of
the control group siDllar by coEpositlon
and a6e. This fact aIlows to conclud6
tbat tbe vertebra nlcroiDjurles obtained
at a shgle exposure to iDtenslve lnps.ct
acceleratlon heal practically wlthout a
trace.

DeE,6lty of bone structuro of vertebra
bodles bas beon assessed in sportsnen-
parachutlsts and sporbsnen-pilots by a
nethod of double photonlc absorptlonetry



also lnd.uces the activatioa of plastic
proclsaea lJ1 bone structures. Tho average
lncrease of the nlnoral sub€tance coatent
ny a.6% ln the vsrtobrae of four persons,
6rq)osed to centreifugation for 2 to 2.5
Eonths at 98, conflrE-s thls.

Ihus, the diroctj-on al]'d the na-rked-
neaa of roaction of ttre bone repsxatio[
i,1 tha spiD6 i-a responso to the bJ4)exgra-
lrIW effects depend, on ono sldo, on
thalr alrplitud6-tanpora]. cha.ractorlstlcg
aJc.d,, oD' thg other slde, eust apparentl-y
be deterEined by the spe6d of the .r6paica-
tive 8lld. adaptlve processes, 'xhLch varies
tndi!.Idua11y. It lB kDo,xB, that this speed
dependr, for instance, oa the lnltial bo-
D.o den8 ltJr ald organisn netabolic spe6d,
d€temln€d by ole/gon consuuptloa

Ttre anpUtud€-tonporal characteris-
tics of the force effoct on tha spine
can be conslderotl as a basis for the as-
sessEg!'t of its bone tissue reaction to
tha cond.Ltions of lrhe fourth class gravi-
tatioDal potential - e.B. ueightlessnass.

Ear116r ,xo proposed the bJDothesis on
the posslbility of gradual incxease of
ths lnterdlsc pressure due ^to unloading

3lrtl:":i'?t t . 
c orrsspondinB"rhs osnoti-

ID other ',!ords, in spacefllght the Ie-
veI of the tenso-deforroed condition of
vertsbrae nay coriespoad to its eagnitudo,
cha.racteristic of the vertical postu-re
ln the ground sondltions. In this case
the d.urati on of the sffect fron such con-
diti o!. under 1{eightlessness lengtheDs,
bscause on tlr.g gror.lnd in the horizontal
positioa duri:rg sleep the interdisk pres-
aure docreases tinofold. I{eoce, under
sreightlassness the tioe cooponent of load
integral nj-Bht excesd the comesponding
valu6 tJapical for ground coBditiona. Ho-
wev6r this condition is posslble only un-
der sufficient hydratation capacity of
tbe lntervertebrae disks substances, but
under lnsufficient hLJ.dratation the leveL
of disks pressure and the Ievel of the
teDre-defomed. condi-tion of vertebra€
will decxease. If these conslderations
a.re true, under conditlons of r6al alfd
si-eulat€d weightlessDess the opEions of
vertebxal bone Bass galn or decrease are
posslbl€.

AccordlnE to the llteratur€ data both
opti olls hav6 -observed. ( ],2),'dhich subs tan-
tlate further thaoretical generalizati on.

Assunlng the na)dnaL record.ed. gaia Iu
the bone atructure den8itJr a6 correspoD.-
d.ing to the dlsks preasuxe lrx the verti-
cal posturg for th6 ground cotrdltlons
6.5 kgg/cn" and assul0lnB that th€ theore-
tlcal sp€ad of de!.slf,y decreaso ts of 7.3%,nlthln a nontb uad.€r absonce of d.efo[alv€
nechaDlsEa exhiblted by l.utorvertebrae
disks (7), it ls posslble to establish
the depanda!.ce of donaitJr chan8ea froE
tho tenporal preasuro lntogral (Flg.l).

(d.*d E-{- )

a!. , b1ll. r.dr d rit*n 1.., d'
J.'Ji-. -.c.,..-r-.r r.- t;, rrr.?r

14b(rl16)da-.4{dr&

Using the d.ependance one san' calculats,
that i.n coanonaut rith speed of boue sub-
stance resorbtion ir vortsbrae of 4 qj.t-
hin a Bonth, the correaponding p4essure
in disks could be about 4 kg8,/cn-.

The destructlve anal adaptiva processes
i]x spine und.sr 4 claases of the loada cd1
be expresEed. ( fo::nalized) by the nathena-
ti-ca1 node1. The nodel rollocts the dJrna-
nics of changea of average nuEber itrtact
/z/ and destructed/7,, trabeculae again8t
the tiee as a result of flow of events of
resorpLion and synthesi8 with inten€tties
X,IB) ana iJ4), dep€nding on the leveIa of
spine def6imation ( i:iauced by nechanl-
cal foads) and also on the netabolisn

A possibillw of il1s tant trabeculae
destruction under the sffects of the flrst
and second class 1oad.s is taken into ac-
count. The diagran of the Bystee atate ls
sholim on fi6ure 4.

.!
!lo
€-1

1"
:-l
E-r

tr.*?..

.1o.12, - 7rr@^.16 |
, - d.lostld

(&)

D.r.a.dr!rb.c{r-

Fr6-l Dra'- d .J6!a .!.G...

The flod-graph nodel i5 cescribed by
the..equations ('l) - (l).

fr.ztot^R *<oi,n - a(0 (l)

it,- - A{R)m,+ 7,G,1n - fr"@*) 4(-i") 2 (t - r,) (2)

rh,. Lo(E)n - A,@ )n *4(U)z@-Q) t(t- r) 6)
We.rer- tbe Havlside single fuDctlon.

The roagnitude of the splne defolnatlon
as the dyna.nic r€actioD. to tho eff€ct of
acce lerations a//) the right part (I) or for-
cea coEputed with the help of tha €qua-
tlon (I). Tbe nari-oal nadltude of defor-
nation ls ut1l1z6d. to det€mine the num-
ber of^che ins ta.ntly destructed trabe-
culae m,(R.-) .
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It is assumed that lrnde
lerations at tbe xoonent

inataratly destructed trabeculae is
lr-.- tng
desc.r]"-

exceeds sone tb:ceshold, nagnitude

Correction for th6 lieitatiou (5) na-
kss the equatlons (I) aaa (2) esseEtially
nonllneaI. Mearwhile ths hJ@othesis of
th6 linear surmation of chanBes wlthln one
loading cycle ceases to be appllcable in
calculation of the accu0ulat6d intact and
resorbed trabeculae (n, and/z!), thus
cmplicati[B the prediction, which requi-
res lntog.ration of the equations systees
(1) - (l) throughout the whoLe recorded
history of load exposu.res.

It i-s lmo$If that bone structure densi-
ty iB related lineaxly to integral trabe-
culae number rr\, axd. the Eagnituale of ef-
fective destrucbed Eensions is proporti-
onal toyl' . Therefore, the digitsi
nethod of the density change prediction
caJx be used for the estination of the
xisk Level of alrcrew oenbers during the
ejection and the coseorauts at landing
aJte xei8htlessness exposures, pred.icti-
on of repeated inpact load effects and
the prognosis of effective exercise coE-
plexes. The presetrted approach also aIlows
to apply th6 r&ethods of optinization (for
exaEple, the princlple of the Belha-a dy-
namic progranmlng) to solve the tasks of
the optinal planniEg specific pfursical
activity patterBs to prevent urlfavourable
bong changes.
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equatiors (2) ax'd (J) describe reparative
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The irtegration of the sysben equati-
ons (I) - (J) within one cycle of loading
results tn cbanges of the nuEber of in-
tact and resorbod trabaculae fox one
cyc1e, designated A/2. and 6m2. 7D a par-
tlcular case at flx6d intensities of dis-
socj.ation and reparation processea, whe!,
the sr.ro of intact arld r€sorbed. trab€cu-
La6 ls constaDt alld corresponds to the ini-
tlal value m.(l), mr(t) = m.@r+m,G| t
thetr equations (2) and (J) pernit the
follcwi::g aaalybicat solution: (4).

* 6r_ 
tn[nlo). n or] + ig,@)-1,P2@)-(\n+^,)t (t)

' 7rr* \, Ao+ Ao

\lhere an (l)- tbe curreDt challgo of
gain i! intact trabeculao numbor aa a re-
sult one cycle of loading. The first s u.E-
nand is equal to the fixed. value of th€
integral trabeculaa nux0ber t\ I at f,, ten-
dlng to infiolty. the second suEna.nd con-
prises the effoct of the initial value m,(o)
atd ma@)at start of the cycler which is
condltionally taken for t=O.

Ir1 the lluear task setting tha ascu.nu-
lated change of the intact trabeculao num-
ber within [uoerous loading cycles does
!.ot depend. on tha sequence of load appli-
catlong and cal1 be obtained by sux0.natl on
of incaeEenta for each loading cycle in
accordance vJith the ocsurance ratg an an-
putude aDd tbe duratioa, u,hich are deter-
nlned by loads histo8ram.

The greater Eodel Benaraliw trould be
ashievetl, if th€ llx0ltations oD. the sun-
Da-ry intensif,y of sJmthesis flovi of roaor-
bed trabeculae, related to netabolisn
lnteEsity and bon6 structure densityr a.re
takea into account.

The li.nitations ca]l be expressed by
the equati oD (5):' 

\,,Qlrrr 1L, , t= t,2,"' n (5)

I{here - constantsr characterizing
tho linit values of the suB.Ba.rJr fLolt of
roparation for differetrt leveIs of physi-
cal activity 'xith the nuDber,
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BONE CELLULAR EFFECTS AFTER
WEIGHTLESSNESS EXPOSURE - AN HYPOTTIESIS.

Bone ;nvestigations on rats from Soviet Cosmos biosatcl-
lites and American Spacelab-3 flight (Tablc 1) have
contributed to our knowledge on the effects of spaceflight on
the bone cells. However, we do not understand yet thc
dynamic processes according to flight du.ation: care must bc
takcn when comparing differcnt flights becaus€ rats are not of
the same strain, sex and agc and b€cause differcnccs in tinr of
saclificc aftcr landing occur from an experiment to another.
Futhermorc aims and methodology of analysis arc not
homogenous in laboratories iurplicated in these studies Clable
2).

L. Vico, C. AlexandrE.
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FIight datc duration
(day)

collaborative
studics

1973
1974
197 5
1977
1979
1983
1985
198't
1985

Table I - Spaceflights wiJr l.rological expedmeirs
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Table 2 - Expcrinrental conditions of bonc rats studies

Collaborative studies berwe€n the US and USSR on malc
rats flown onboard rhe fi.st Cosmos biosaleuires (18.5 to 21.5
d.) havc bccn uscfull in rhe invcstigations of some of thc
changes in bonc ccurring during spaceflighr:

- Qualitative apprcciation by microscopic examinarions of
long boncs of Cosmos 605 rats primadly auggesred an osreo-
polosis in methaphyses and, in some cascs, an inhibition of
bonc longitudinal growrh (33).

- Thc most striking effccts of the Cosmos 782 flight was a
cessation of bone g-owth in the tibial diaphysis as indicated by
surimposed lines of two tetracycline Iabals (3 days beforc anil
3 days after flight) nammed as arcst line (l l).

- The mineralization defect appeared to be rclated to an ab-
normal organic matrix (21) rhat may be Daniallv rcsponsible
for thc decreasc in torsional suength 122). Cessirion'of bone
formation also occured afier thc Biocosmos 936 (24) a\d ll29
(31). In both Biocosmos 78? and 936, tibial, humcral and fe-
moral longitudinal growth ratc were not altcrcd. In the
Bioccsmcs 936 flight, some mts wcrE mainrained in a lG
ccntrifuge: thc ribial shafr bonc fqnution ratc was rcduced but
not thc femoral rn€4h8nical smn$h (22). As such, thc decrca-
scd bonc strength observcd after spaccflight could only bc ar-
tributcd to null graviry (18).

- A histomorphomctric study on mctaphyseal rissuc of
prcxirnal tibial and humcral metaihyses had'bccn attemptcd in
rals of the Cosmos I129 cxperirireirs (9, l2). Measunlmcnts
wcrc done at various distances Aom the gowth canilagc meta-
physeal junction. A marked decreased mass of trabecu'iar bonc
and an increascd fat contcnt of the bone marrow werc obscr-
ved. Bone cells were evaluated with morphological criteria.
The osteoblast population appearcd to de{liire imicdiatly a ja-
cent ro rhe grcwrh plate mctsphyseal junction, but ostioclist
numbcr was unchanged 0able 3),

Soviet Cosmos 605
Soviet Cosmos 690
Sovict Cosmos 782
Sovict Cosmos 936
Soviet Cosmos 1129
Soviet Cosmos 1514
Soviet Cosmos 1667
Sovict Cosmos 1887
Arnerican Spacelab 3

21.5
20.5
19.5
18.5
18.5

5
7

12.5
7

USSR-US
USSR-US
USSR-US
USSR-France
USSR-France
USSR-US-Francc

USSR-US

S8

Our knowledgc on the human bone adaptation to
spaceflight has not been largely incrcased in the last few Wars,
Data have becn principally obtained from Skylab (1973-1979)
astronauts (10,28,30) and Salyut-6 cosmonauts (23, 29).
Pcrturbations of calcium homeostasis involve slightly
increasci plasma calcium, lnciJased udnary carcium excrction
and a ncgative calcium balance. Loss of mincral from the
calcaneus was corrclatcd with thc calcium imbalance. On the
contraq/, no change was dctected in the ulna and radius. Thc
bone density in the vcnebral column might slighdy increase
during a long-tcrm spaceflight, but tl,e rcasons arc unknown
(4). Morcovcr, no dramatic bone loss was reponed in Sovict
cosDonauts after a ycar in space. Finally, measurements in
one crewmcmbcr of the Soviet 2Ed. A-ragatz mission using an
x-rays scanncr (15) was performed: an clcvated bonc dcnsity
was observed in thc distal radius whereas no change occurcd
in the distal tibia. These data constitutc prcliminary rcsults: the
differcntial bonc responses could be relatcd to diffcrenccs in
weight-bearing function and,/or in habecular or cortical
envelopc naturc. However, a redistribution of calcium ions
could occur leading to the crcation of a space skeleton diffeEnt
fton': the earth skcleton but with no great total bone loss. This
is consonant with calciotropic hormonal status (principally
serum PTH concentration) cvaluated before and after thc
Skylab missions that showcd no change that would account
for the mobilization of bone mineral during spaceflighr (2).
Evaluation of vitamin D and PTH status have benefired from
morc reliable analysis in Spacelab-2 flight (13) and 514 flight
(l), of onc weck duration. No change was observed aftcr thc
5l-G flight. In thc Spacelab-2 flight, the vitamin D hormonc
was elevated in all astronauts ar thc end of rhe first inflight day
but rctumed to normal by the seventh day. Thus, this hormonc
could have Ednsiently activeted rhe bone rcmodeling.



7o from control

Trabecular bone volume tibia (pmximal)
humerus (proximal)

the lumbar verrebrac. Rcduccd accumulation of mineral and
ostemalcin in humetus and vertebrae with no associated de-
crcase in collagen suggested that bofi minerdlization and colla-
gen merabolism are impaired (14). For the most pafl, histolo-
gical indexes of bone resorption werE normal.

- Changes obscrved in thc Spacelab3 flight are of minor
extend comparcd to those of the Biocosmos 1667. Differcnces
in strain and age ofrats arld in skeleta] sites explorcd may cx-
plain some of thcse variations. Funhermore, the cffecrs of
spaceflight in the slower growing humerus should be rctarded
compared to thoso of tibia. This is consonant with Shaw et
al.(17) results that indicated impcded maturation of bone
stength and stiffness with the effects more pronounced in the
ribia tha.n the humerus.

Gradient density analyses provided intercsting data about
thc matrix and mineral (20). The pattems of bone maturation
indicated a decreased in bonc growth / tuinovcr and x-Ray
diffraction of venebrae indicatcd that spaccflight was associa-
ted with a decreased in apatitc cristal size / p€dection.

- The Biocosmos 1887 was of intcrmcdiary duration.
Instead of the 14 days planncd, it lasted 12,5 days and ne-
cropsy occurcd two days laner. We performed histomorpho-
metric measurcments identical to those of the Cosmos 1667
mission Cfable 4). Same bonc samples plus the proximal hu-
merus were investigated. Compared with the 7d Cosmos flight
wc found no change in the tibial elongation rate. In thc sccon-
dary spongiosa, bone loss was principally associated to trabe-
culae thinning, As in thc 7d. flight, osteoid param€ters were
dcprcssed whereas resorption activity remained unchanSed.
Femoral result confirrrr.d thosc of the Cosmos 1667.

Quite unexplaincd was thc stimulation of the Esorption ac-
rivity obscrved in the lumbar vcncbrae. Possibly, because rats
did not eat for nearly two days before sacrifrce, the absence of
a dictary source ofcalcium may have stimulated bone rcsorp-
tion.

In the proximal humerus, the primary spongiosa thickness
was reduced suggesting a decreased rate of bone elongation.
At tho levol of the secondary spongiosa, psults werc compa-
rable to those oftibia but ofminorextend.

In this Biocosmos the two days post-flight period could
have mask microgravity effects. Fff example, surimposed
stress and/or rccuperation could have modify the primary
spongiosa activity whose life span is about 4 days in 3009
Wistar rats. A 14 day mission was realised in October 1989.
Same investigations will bc perfomed allowing a verification
of Biocosmos 1887 lcsults.

ro,6r(on Fn.otl

-35
-30

Endosteal bone rcsorption tibia (shafr)
humcms (shaft)

0
0

Marrow fat tibia (proximal)
humerus (proximal)

+150
+270

Osteoblast population
Osteoclast population

humerus (proximal) -40
humerus (proximal) 0

data ftom: Morcy er Wrcnski (12)

Table 3 - Histornorphomerric resulrs oblained in long bones
of rats flown onboard the Biocosmos I129.

In addition to histologic nrthods, rcsorption was indirectly
assesscd as reflected by medullary area alterations (31, 12)
and by calcium kioctic studies (5). AU these studies indicated
no clevation. Thrce wcck spaceflights did not only affect the
weight-bearing skeleton. Quantitative histochemistry of rat
lumbar vertebrae suggested slowu bone tunover, rcsulting in
accumulation of older bone (7). However, sectiofls of rar
mandiblc covcred by masticatory muscles did not incur thc
decreased periosteal bone formation noted in w€ight-b€aring
boncs, whereas impairmeot bone formation was evidenced in
areas without muscle attachement (19). In tibial diaphyses,
Spector et al.(21) concluded that ccssatioo of bone formation
did not occur where intrinsic musclc forces continue to acl

Collaborative studics between Francc and USSR gavc us
the opponunity to morc spccifically dehnc the timc course of
inhibition of bone formation and differcnccs in regional bone
turnover at several sitcs in rats.

- The first of the series, the 5d. Biocosmos 1514 transpor-
ted pregnant rats. Histomorphomctric analyses in weight bca-
ring (tibia) and non-weight-bearing (venebrac) bones indicatcd
no change in bcnc mass and inncr structure in eitler type of
bone. No alteration on bone formalion occued but an hcrcasc
ofosteoclast number was evidenced at *rc venebral level (26).
This rcsorption stimulation could reflect an carly and u-ansient
adaptation to micrognvity or can be due to interfercnces bet-
ween hormonal changes of prcgnancy and microgravity ef-
fects.

- As early as the ?th day of microgravity exposure
(Biocosmos 1667), marked alterations were d€tected in weight
bcaring bones (27): the tibial elongation rate was decreased
(unpublished data); in proximal metaphysis, bone loss due to
reduccd number of tsabeculae, the rcmaining ones being thin-
ner, was observed. Bone cellular activities were evaluated at
the level of the secondary spongiosac where remodeling oc-
curs (3): formation activity, rcflected by measurements of os-
tcoid seams, was decreased. Resorption activity, estimated by
count of osteoclast number and active resorption surfaces
using a histoenzymologic melhod (6), rernained unchanged. In
normal mineral homeostasis, a dccreasc in bone formarion will
lcad to a decrcasc in bone rcsorption as well, so that bone
mass will be maintained. The uncoupling between cellular
activities might be responsible for the bone loss.

ln thoracic and lumbar vertcbrae, bone mass, bone
architecture and resorption activity wcre not changed.

In proximal femoral metaphysis, measuremcnts werc per-
formed in an atea where muscle inserted into bone via the
Sharpeys' fibers. Unlike the tibia, no signihcant change was
observed in bone mass and bone cellular activities. In view of
these data, we hlpothesized that the deleterious effects of me.
chanical unloading due to weighdessness can be partially
avoid by muscle contraction strength, not totally inhibited
during spaceflight. Thus bone mars, and not only bone
formation (19, 21, 25) might be protected.

- In the 7d. Spacclab3 flight, histomorphometric analysis
was performed in the long bones and lumbar venebrae (32).
Results showed strong rends of decrEased tibial pedosteal and
longitudinal bone growth, reduced osteoblast size in the
proximal tibia and decreased osteoblast surface and number in

Table 4 - Bone histomorphometric results (% change from
control) obtained in Biocosmos 1667 and 1887 flights.

Pooling our data obhined in a very responsive weight-bea-
ring skelcial site explored in most experiments, i.e. the tibial
meiaphysis, and iaking into consideration preceeding
qualificadons, we proposcd a kinetic of bone cellular varia-
tions (Fig. 1).
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Fig I - Tibial secondary spongiosa - Evolution of booe
mass and bonc cell activities.
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EFFECTS OF SPACE I'TIGET ON DANDRITES
O! TEE NEIIRONS OT TEE RATIS BRAIN

nCosnos-1567n (7 days flightt controls:
vlvarlur I and ground-based expgrlment
with lts vivariun control group). 2.
tr'1ight group from biosputnik rrCosno6-
l8B7' (13.5 days fli8ht; controls: viva-
riun and synchionous experiment). For
arlalysis of GMNts all thls materlal waa
used. Due to sone pecullarities of tese-
arch progranrs for bi.osputnlksr the GMNrs
taken froro biosputniks of 7 and 13.5 days
flight belonged to different reticular
nuclel ( correspond ingly, to n.Eigantocel-
Iularis of medulla and to D.pontls ora-
Ils; 42 and 37 GMN's were analysed). Ior
the visual cortex ttre snal1 INrs of tbe
II-1II layers wexe e)aamlned, only ln I3.5
days flight group with its two controls
(29 neuroas). Rats were decapltated and
ir J-? nhutes the bxain pieces were cut
out and treated by colgi method. Draw-
ings of neurons vrere perforned under the
nicro6cope by a drawint apparatusi cer-
tain parameters where measured and ano-
ther calculated by our method (U). Sys-
tem ASld (leltz) for measuxin8s and com-
puter PDP-11 for pnocessing of figures
were used. lor GMNrs the following
parametexs were obtained: nulber of Drs,
maximal radius of dendritic field relatl-
ve dendritic len8th, mearl branchi-irg of a
single D., branchjng of the whole nelrron,
nunber of foci of Eaximal brancnings,(for a single D. and the whole neuiori),
vol-uxne of dendritic terl j-tory and the to-
ta1 length of Drs in it, speclfic densi-
ty of D?s in tbe slide. By the snall PNrs
of the visual cortex there were measured:
the total length and the nunb er of free
ends.of the apical and basal D's (separa-
tely), the length of the apical D. fiom
the cell body till its fjrst bxancb and
till the most dlstal obli-que D.i the area
of the dendrlti.c fie1d. The orientations
of Drs of bottt clN,s and PNts were also
deternined. For this purpose a transpa-
rent test-net wtth 15 sectors was placed
on the drawlng of the neuron and center-
ed on the middle of the ce11 body. The
toral length of Drs ,ras measured in evexJ
sector and was calculated as a percentaft
total }ength of Drs of the whole neuron(the polarograh of the neuron - I,ig. 1).In order to determine the orientati5n of
Drs of every analysed GMN to either affe-rent input, slide was projected and rheprecise positions of this neuron and sur-
rourding nuclei were marked. By conbi:r-
ing the centre of the polarogram with the
neuronis position one could disclose theorientation of itts Drs. For determinintthe si.gnificant differences between the-parametres of GLINIs ln the flight group
and all the conlro] groups Kolmogoiov--
SErrnov test was used. Since pNrs possess
a nuch more conpli.cated and multif;rm
structure than GMNrs one could expect an
unsJmonymous reaction to the effect ofthe space fli8ht wlthln the same class ofPNrs. Therefore Q-fa-ctor aaalysls (4rIg)
was applied to a comblned group of ail
PIr.rs (flight group+control-groirps) to de-fine whether there exist wlfhin-the flightgroup some ce]l clusters differing fron-
each other and from controls by n6asuredparanetxes of their Dts. Canonlcal analy_
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IJrtroduct lop

Space exploration by a nankind needg
thorou8h study of its jnfluence on the
brain structule and functions as well as
deternl]]illg the hechanisnns of co!0pensa-
tory processes that accomp8ny the flight.
Sone authors described structural chang-
es of dendrltes (P's) of neurona of
adult mamlalian brain urde! the influen-
ce of ulusual environroental conditions
or deafferentation (,1 ,7r8). As lt 1s
known nlcrogravj-ty in space is acconpa-
nied by a fundamental changes of the
chalacter of sensory infornation entet-
int the brai-o, flrst of all propriocep-
tive and vestibular ones (I0). AIrhou8h
there are sone studies of tbe morphology
of the brain of anirnals subjected to a
fli8ht aboard the biosputnlks, exanjna-
tlo! of thej-r dendritic systeros are lack-
lnB.

Uaterial and Method. Male Wistar-SFF
a1b i-nolats (alt@et her 43 ) 'aereadul t

used:

The aiE of this study was to analy-
he BeoDetry of Drs of the neurones
taia of rats that spent aboard blo-
nlk 7 days (,cosmos-1567") or 13.5tCossros-l887) days and to find out

Ebether there appear some chan8es in
norpholosr of Drs during flight. there
ra,er e exanired two classes of neurones:
1. lelated to funct ions known to be di-s-
turbed i! space flIght - the giant mul-
tlpolar neurons (GL1Nrs) of the reticula-r
fornatloD issuing r eticulospjnal path-
ways and related ro automatic motor reaci
tlons ( vest ibul o-motor, t-r igemino-notor ,etc.). Gtr0,[ I s are scattered along the
braln sten being structurally alike eve-
rJrwhere. They long stri8ht Drs are adap-
ted to integratj.on of afferent funpulseg
of qulte different origln s.nd from vast
areat 2. ce11s ttrat could probably take
pa-rt in tbe compensatory processes - thepyraEidal neurons (PN,s) of the visual
cortex (s:nce p\yslological Cata point
to a,ll lnportant compensatory role of v1-
slon dur ing microEravity (9r12). Partly
our results are published elsev,here (2).
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s1s followed (4r15) to define the siSni-
flcarce of thls partjng (acrording to-
Hotteling's T test and BartEttrs test)
and the differir8 parametres by means
of coefficients of d18cr lBi-nating furc-
t ion .

o

Fesults and Discus s ion

Analysis of G!trN's. 7 d qys spac e
f 1l-ghf iFnot- sfgniTic ant 1y chan8e all
the 11 measured palaDetres of Drs, but
did cbange however, thei.r o.rientation.
After 13.5 dqy8 fllght both orientation

structural paranetres were alteF
eserves attentlon that the total
f Drs of the whole neuro! reEah-
e i! botb flj.ght groups. CouLd it
t in a1I levealed plastic chang-

es of Drs of GltrNrs in both fli8ht gxoups
the total mass of a neuron r emai.n almost
the same and presumably its redistributi-
on occuls i-nstead of r'ea1 growth or atro-
pw?

of the vestibular sensoty nuclel and to
n.interpolaris n.v. In thls case the dq-
clease of the total length of Drs ltr the
sectox oriented towards the vestlbular
nuclei nay represent the deficlt ln ves-
tibular information enterlng the brai[
durlng Elcrotravity. GMNrs of the 11.5
days ftiBht (belonged to n.reticularls
pontis oralls) were situated next to the
most dlffer€ntlated trlgemlnal sensory
nucleus - its naln nucleusi a region
wtlere ttle vestlbular colnplex is only va-
guely related. No declease Ln the rnass
of D's of GMN'S in the nvestibulaln dl-
rection in tbese experlnents could be
explalned by the latter fact.

An increase of the mass of Drs Iu
sone sectors of dendritlc fields of GUNb
of both the 7 a.nd 13.5 days fllghts maJr
reflect coEpensatory search for addltior
al sources of afferent lnput. Here atai-Dt
the fact that tbe two groups of GMNts in
questj-on belong to different nuclei re-
sults in orientation of the mass of the-
ir D's towards different formations.
Thus, tbe o.rientatioa of Drs of GUNrs
of medulla (7 days flight) to the nid-
Iine could supposedly be connected with
a conpensatoxy usate of proprioceptive
irformation from nedlal lemniscus decus-
salting fibres. Converselyr the or ieDta-
tion of Drs of Gi[N t s of the n.pontls or&.
1ls to,Jyards the niain sensoly trlgeminal
nucleus (t1.5 aays fli8ht) could reflect
compensatory usage of lnformation flon
the vibri.ssae. It is lo:own that inflow
from the latter system is mainly pro-
cessed by main sensory nucleus of n.V
and that in thei-x ordinary life oD eartb
rats receive most informat ion about the-
ix position through theb vibrissae. So
one can suppose t6at the change (dimi-
nlshing?) of the vestibular information
dur ing Eicrogravity e,h1ch interferes
with normal motor coordination, can be
compensated for, at least partly, by the
tllgemjnal vibrissae system. The Iack of
orlentation of Drs toward the trl8enlnal
nucl-ei in the 7 days f1i8ht may suppose+
1y depend on the location of these CrrN I s
nore caudally adjacent to n.interpolaris

instead of the maln nucleus n.V. tJ.ill-
terpolaris process rnostly ordinary ski,
sensations (tactiler temperature and al-
gesic) ard to a muc h lesser ext ent in-
fornation from the vibrlssae. On the
other ha.nd, one cannot exclude the pos-
sibi-lity that we were observing tile suc-
cessive involvement of differeent sensory
systems in the compensatory process: the
trigeminal system joinin8 later than the
proprioceptive( consider the incr eased
total length of Drs of cMNrs towards the
nedial lennlscus decussation dr.Eing 7
dqys fligbtl

A
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F1g. 1. PoIa-
rogran of the
orlentation ctr
Drs of GMNrs
in niclo8rav-
vlty and coD-
trols.
A-7dqys- rtieht;
B - 11.5 days- fllsht
U - midline
P - pyramids
t - s ensoly
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v - n. vest i]r.,ll
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chanses of Orientatlon of Drs, (Fi.c.
l).T@show;d
a signlficant decrease in the total len8th
of Drs oriented towards the vestibular
nuclei, and convelse1y, an lncrease in
orientation towards the nldline. After

'{e were surprized to observe in
adult aninals so an early (i]1 7 days)
change in the orientation of Drs. The
constancy of all the 'll measuIed struc-
tuxal paranetres of Dts of Gl,lN I s includ-
ing the total length of Drs flould sug-
gest in this case a simple and rapld mo-
bi11ty of dendritis branches, may be of
the nature of retraction and extrusion E

13.5 days fllghtr j-t was obeerved only
a si8nificant increase of the len6th of
Drs that stretched towards sensory.trige-
minal nuclei (p=o.0! for all cases). W[en
interpretin8 these data one should renen-
ber that ci&.l analysed after 7 and 11.5
days flight belonged to dj-ffexent reticu-
Iar nuclei and thexefore their nej.Bhbour-
hood varied. Gl/N's of the 7 days flitht
( sltusted withln the n. giga;rtoc ellular Is
of nedulla) were close to the mafur volune
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Lt 'ras described fox the ner8ons of in-
vertebrates and of the autononic nervoug
systen of matn'naIs after destructlon of
t-he synaptic connections of a neuron (15I

structu.ral ChauRes of Dts (Fia. 2).
Significant alterations of the st.ructure
of Drs of Gi[Nrs after 1].5 daJs fli8ht
sover their increased tota] brancbing,
totaL nunb er of foci of maxinlal branch-
inrs a-nd a Rreate! volune of dendritic
teiritory (i=0.o5) 

' all the other analy-
sed paranetres renained unaltexed. Ihese
data lvould sug8est there are superfluos
structural elements of Drs' slmilar to
tbese described ln klttens in the same
GMNrs during certain periods of theiJ
development (5). Tne authors consider
these findlngs nay be an attempt by the
neu.ron to compensate for the deflcit of
information input that exist in early
lj.fe. One can propose that the sane me-
chanism night underlie the superfluous

I'ig. 3. Q-factor (A) and canonical (B)
analysis of !Nts of 1I-1I1 lqyels of the
vlsual cortex. T o clurtar3 of PN'a!
. first cluster(flight group changed);

o sesond cluster of fligbt gloupi
+ controls; 

- 
confidence lnterval;

--- area, containj-ng 58fl of neurons.
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Dts of cells l-n questlon dur-
avity in space. De novo foci
d endr it ic branc hjng plobably
ints rvhere the nost important
for t h1s condltion conve.rges

Drs and a change in their ollentatlon
away from the d-eptbs of the cortex (to
leyer IV) and Eowards layer I instead
(Fig. 4). By the weight of parametres ln
the between srouD variance of discriml-
native fuacrior, 14) one can come to a
conclusion about a much gJ:.eater signl-
fj-cance of the changes in apical system
ol Drs in conparison wlth basal. Tbe to-
ta1 length of Drs of the whole neuron,
hoyrever, dld not change significartly;
there was only a slight tendency towards
an increase. one can suggest that the
structural changes of Drs of PNrs observ-
ed in visual cortex reflect the compensa-
tion by the visual sensory system duril3g
conditions of mlcrogravlty the fallure
of information from other sensoxy sys-
tems (fLrst of all vestibular and pio-
prioceptlve) and related irnotor disturban-
ces. Such intexpretation of ouJ data re-
ceiveg a support from other authors stu-
dy (14) 1 who reported an auEmented nurn-
be.r of dendritic splnes on ltlrs of the
auditory cortex of youn6 lats after eli-
mination of other sensory inputs (visual
and from vibrissae) to the cortex that
induced a spine loss in coraespondin8
sensory cortices. It is pertlnent that
we .re1realed the lengthening of Drs not
ln young, but in adult rats as has been
sinilarly seen in adult rats after one
month exposu-re to an enriched envj-ron-
nent (8r17). Our data show the possibili-
ty of a more rapid Browth of D's (1n abo-
ut two weeks) jn an altered environment,
at least in microgravity. It is note-
wort\y that exactly the oblique Drs !.,ere
found to grow in adult _!ats subjected to
special long tralnlng (8), in contrast
with young animals whele mostly the basal
system was involved. fn our recent study
of Plv's in somatosensory cortex of adult
rats that spent aboard biosputnik 7 days,
there were again bheir oblique Dts wlt-h
an increased numb er of spines (l). Our
data allow to propose that at least oneof the compensatory structural changes of
Drs in the vlsual cortex of adutt r;tsjncludes wj.dening the extend their in-trinsic connections (between different
flelds of rhe sa.me hemisphere) and inter-henispherlcal ones. This proposition is

lday be these 'r constr uct iverr process-
es of alterations of Drs deserve longex
tlme and therefore were not evident by
examination of GIINTS after 7 days flight.
Of course one could not excLude the pos-
sibllity that these dlfferences 1n reac-
tions of GMNrs of two fllBht Broups de-
peld upon their relations to different
nuclei or upon sone other pecullarlties
of these space fl i8ht s.

FiB. 2. Branch-
ings of t he i{,hole
neuron (Ac) and
nunb er of focl of
maxinal branc h-
ings (Fdt) of
GllN I s.
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Mlrltlparameter analysls revealed two
clustels anong these PNrs of the 13.5 drys
fllght material! one ,rith slgnificant
changes of some of the palametres measur-
ed that could be attributed to ttte effectg
of the space flight; and a second one thet
lacked such charlfes (Flg. 3). The structr]
ra1 changea of the PNrs ln the flrst
cluste.r involved both apical and basal
Drs. The apical D. did not chaige its
branc hin8, but the total length of its
obllque D's grew, princ ipally on account
of brarches that stretched towards I 1ay-
er. Aa a consequence of thls the dendritic
fleld of these neurons lllas substsntialLy
widened. U/ith the basa] Drs however one
found a decrease in the total length of
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Fig. 4. Scheme of geometly of Drs of PNrs
I1-II1 layers of the visual cortex.
A - controls+stable fli8ht clustex of
ceLls; B - chaaged f1l8ht cluster of
c eIls.
accordlngly based on 1) the lengthenln8
exactly of obllque Drs of !t{rs - the re-
ilon of ternlnati-on of callosa1 fibres(g) a"a on the tendency of the basal Drs
of these nerlrons to change thei.r ordfura-
ry orientation ln parallel to the obli-
que Drsl 2)the lengthenlng of the obll-
que Drs mostly on account of those of
tbej-r branches that stretch upwards to
layer I, where fibers fron nei-gbbouring
cortlcal flelds ln the visual coxtex ter-
minate (13). Since the total length of
Drs of PNrs gnd theiJ branchlng $rag con-
stant, one nay assure that Dew dendritj-c
branches hardly appear, and that changes
consl8ted in the fijst instance in len-
gthening of some branches and shortening
of others, 1.e. lt would seem to be nost-
}y a rrr eor lentat ion'r of the same dendri-
tlc mass. In thls respect it resembles
the forementioned chanSe of Drs of GMNis
in reti.cular formation during 7 days
flight. These results show a narked plas-
ticity (reorientation and growtb) of Drs
of adult namnal ian brajn during mj-cro8ra-
vity in space that could be tbe stluctu-
ral base of some of the compensatory p!o-
cesses that take place 1n these condlti-
on€.
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}GTAMLIC @TISEOUENCES OF FLUID SI{]FTS
INIXTAD SY HICRO@AVITY

Bi@dical q,eratioos and Research
ilasvJohnsoD spac€ @nter

Houston. !x 77958

!{any systeos in the body are affected by
seightlessness. l chaoge in the distribution of
body fluid is thought to tE one of the earliest
responses (L3) and to induce a nurber of further
dlanges. Tttis paper wilf tevier the status of
knoeledge about several areas tbat nay be affected
by fluid redistribution. These areas are fluid and
electrollrte regulationi maintenancE of opt imtm
nutritional status; and absorptioo, distribution.
ard eliDination of phaEDacllogic agents (phamacg-
kinetics).

Fluid arld Electrolyte Requlation

l{tEn ttle pull of gravity is retFved, fluid is
lost fr@ the legs ard pools in the chest and head
(22). This redistribution of My fluid is thought
to be mnifested tsporarily as ao increase in
ceotral blood voluE and plessure, Fhich activates
barorecq)tor reflexes and other rEcbanis[s that
briog about a reduction in Hy fluid. Recent
strdies oo the S?ace Shuttle (8) are coosistent
xith Skylab findi.ngs (It) that total body iiater is
reducrd during flight. Total body Hate! iras lrEas-
ured by th€ isotope dilution tectmique. usiog
oxlgen-l8-labeld water as tlre tracer, fo! three
crerders on one Shuttle flight. It was [Easurd
tuee tirEs before flight, ti.ice during flight, and
for the last tinE several days after landing. A 3
percEnt reduction in total body ifater occurred
Hithin 2 days of launch, and severaL days later
body irater Has still reduced.

At least IErt of the body eater decrease is
Eoifested as a reduction in blood volt@, t{hich
arDunted to 19.51 after the lo-day Spac€Iab I
flight (9). As fluid is lost, blood electrol)rtes
ard otber clq)ooents should decrease also.

Orle of th€ cansistent findings fr@ previous
slEce-flight prograrls is a decrease io blood sodi-
rD. On Earth. seru! sdiurl is tightly clntrolled
by several honboes. 0n three spacelabG, serun
sodirD valied c-onsial,erably but was usually Iouer
than its preflight levet (l.g). Plasra renin activi-
ty (PRA), or aogioteosin I, is the precursor of
angiotensin II. Angiotensin II stinulates secre-
tion of the sodiuFretaining hornpne aldosterone.
Cre night expect aldosterone to be secreted sooo
after a reduction in serun soditu. For the first 2
days afte! launch (10)r levels of PRA during f1ight
uere louer tllan preflight values. After 3 days
they ilere increased, however. Plasma aldosterone
did not increase untiL alrpst 8 days after

Iauncb. The trro hortrDnes !,ere not
clupled as iould be expected (2).

as closel.y

The honrcne atrial natriuretic factor or ANF

is nor, thought to play an irq)ortant role in regu-
lation of body fluid voLm (20). rt has the
effect of increasing the excretion of sodi@. If
ANf irere increas€d, selul sodium night teod to be
reduc€d. During slEct flight. ANE might be ex-
pected to increase because secretion of this hor-
nDne is stfunuLated by increased c€ntlal blood
voluE (l). ANf r.as Easured in blood saryles
obtained fron four creorBt)ers on S'IEc€l'ab 2 at ttlo
tir€s during fl,igbt (Fig. 1). At the first satr}-
pling tirE. about 30 hours after launch, ANF ras
above preflight leve1s. The other in-fligbt tiIE
point ias alrDst a i.eek after launch, and for all
crsrE&ers ANF at this tirE was lorrer than pre-
flight levels. rNE' llas still reduc€d at landing
but returned to preflight levels later (2).
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Changes in pla$Da oglDlality duriog flight
rere in directions olposite to those of hl{F (Eig.
L). o$rcla1ity i.as reduced at first, t{hen NJE was
highest, but it increased later. At landing plasoa
oflplality rras above preflight levels, wtlile INF
r,as at its lopeEt lroint. PlasE oslality did not
nec-essarily reflect levels of sertlr soditE. t{hich
did not exc€ed preflight levels during flight.
These results suggest that although ANF nEy promote
a htponatremic state at first, it is probably not

s-16

ti. lt. Ciotro6, H. w. tane. aod C. S. t€ach

ng/L

Plasma
Osmolality

mosm/L



maintaining th€ 1or Levels of serEn soditu found at
later tirE points.

Another homDne inportant in fluid and elec-
troLyte tegulation is antidiuletic honpne (ADH),
rrhich prcNrctes fluid retention. Plastrla ADH has
been neasured in sarples from soltE of the qrac€Iab
creutEmbets. Every tirrE plagrE IDH has beeo rEas-
ur€d during flight, it has been elevated (10). Ihe
increase in ADH, a1on9 rrith the other results
tEntioned above, is cusistent with a teodency to
prevent body fluid volurE or the vol,urE of one of
its cqrpartlrEots from decreasing belos a c-ertain
Ievel, at the expense of Ealth-oornEl levels of
seru! sodium.

Maintenance of Optimun NutritionaL Status

Several My corq)onents in addition to sodiun
aod nater are reducd during space flight. Body
lreight has decreased after alnpst alI missions
11.24'). Analysis of data fron all three Skylab
missions indicated that tlbre than half of the
weight lost by creHrs[bers was lean body mass,
lncluding 1.I kg of water and .3 k9 of protein
(12). Loss of protein contributed to the loss of
muscle mass (5).

During long-tenD space flight, there iras also
continued loss of body nitrogen and potassiw (23).
Both $ere io negative balaoce on skylab 2, even
though calorie intake iras closidered adequate. The
mineral loss was thought to collE primarily from
nuscle because it paralleled reductions in muscle
tissue in the 1e9s. Because a loss of muscle mass
affects exercise capacity during and after flight,
dietaly and exercise counteEGasures are being
studied to prevent mrscle Ioss (6,14).

Several Iines of evidencc have indicated that
energy utillzation is elevated during space flight
(f9). The average energy utilization of Skylab
creirEmbers was 41.7 kcal/kg per day before the 3-
llDnth flight and ,13.7 kcal^g per day during the
third rpnth of flight. PLasna gluclse and insulin
irere signifj,cantly alecreased during Skylab flights
but iDcreased after landing.

Pasting blood glucgse levels were deternined
for shuttle cre$Embers prior to flight, and blood
gluclse r{as [pasured again at landing (Fig. 2).
The landiog blood glucose was not fastingi in faqt,
nEst crefl[Eribers c9nsulrE solrE food after exiting
the Shuttle but before the blood drarr. Hoeever,
even with food intake, the blood gluclse levels at
landing (102 rq,/dl) were not statistically differ-
ent frq! fastiog preflight level.s (94 q/df ).
Eurthenpre, of the 32 cre$rE[bers studied, at
least one had urinary ketosis. Thls suggests that
in at least one individual glycggen stores were
depleted at 1anding. For long-term missions, this
could cause a decrerEnt in psychorptor skills.
Loss of nuscle tissue and glycogen stores also
represents losa of the fluid associated with these
tissues. If loss of tissues is prevented, more
fluid may be retained.

These data s@hasize the irportancE of nutri-
tional status of crews.

Pharnlaclkinetics

Pharmacokinetics is the mathemat i ca1 alescrip-
tion of the dlmanic processes of drug absorption,
distribution, and elinination and the interrela-
tionships arong ths!. soIE of the effects of
rreightlessness, incllldiog altered fluid distribu-

tion, tuay affect one or nDre of thege ke)' proc.-
esses aod thereby change the overalL kirEtics of
a drug. A change in the kinetics of a drug io
turn alters the therapeutic benefit anticipated
in terRs of the rate of onset or of the oagnitude
or dutation of the drug's effect.

Serum Glucose

mg/dl n*2 C,p
n=34 C,P

100
90
80

60
50
40
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20
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0
Preflight Landing

Eigure 2. Serm gluclse before and after spece
flight in shuttle cwnanders (C) aod pilots (p).

To evaluate the feasibility of assessing
pharmacpkinet i c changes us ing glound-based rDdels
of weightlessness, scopolamine phamEcakinetics
rrere studied in subjects placed on antiortho-
static bedrest (-6 degrees). A fluid shift
tot^,ard the head and chest is one of the earliest
consequences of antiorthostatic bedrest (I5).
The results of the study indicated that there
were significant changes in absorption but not
distribution and elimination of sclpolanine after
bedrest (17).

Salivary drug nEnitoring rras used during
flight to obtain the first preliminary inforna-
tion ori the effects of spacte flight on the phar-
lEclkinetics and dlmanics of drugs. salivary
phamacokinetics of ac€taninophen ard sclpola-
rDine/dextroarphetanine during spac€ f light rrere
evaluated follorring oral a&Dinistration to crfl-
rErbers before and during missioos. rnflight
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In preparation for performing experirEnts in
spac€ by noninvasive techniques, grourd-based
studies uere conducted to verify the feasibility
of using salivary drug levels of both ac€taninc-
phen and sclpolamine for predictiog blood clDceo-
trations folloring drug a&riDistratioo. Acetani-
nopheo nas used as a general "probe" of drug
alterations. Af ter oral a&lioistration, therapeu-
tic cancentratioos of ac€taninophen r.ere &tected
in saliva. The saliva/plaslrE ratio of the drug
f,ias consistent and rqtEined close to I over a
wide range of plasla c-oocentrations during the
p!e- and post-absolptive phases of drug dyDaEics.
The correlation between plaslna and saliva aceta-
minophen cucentrations iias 0.93 (I8). Scopola-
mine. after intravenous or oral ad[inistratidr,
readily distributed into saliva rrith consistent
saliva/plasrE ratios over the entire disposition
profile (15). Pharnacpkinetic evaluation and
bioavailability estinEtions of both drugs using
saliva and plagDa clcnc€ntration data iEEe strorn
to be in agresEnt.



Significant changes in clncentratlon profiles
of these tiro drugs were obselvd duting space
flight, r{ith the alteratlons being nrore ptonouncd
during the absorptio! phase than during the elifti-
nation phase. For acetami nopheo, the rate of
absorption and tinE to reach peak saliva coocentra-
tion calculated lron pre- ahd inflight data indi-
cated that th€re was a significant decrease in the
absorption rate of the drug during fLight (4). A
tso-fold increase in the tine to reach peak conc€n-
tration resutted. Scopolamine analysis of a limit-
ed nurter of sa[[,les fr@ inflight studies also
swgested that detectable chaoges in saliva cpocen-
tration-tirE profiles of sclpolamine oc{ur during
missions (3). In one cleetrEtrber (Fig. 3. upper
graph), a significant decrease in the IEak c!nc-en-
tration and an increase in the tine to reach peak
clnc€ntratioo i'ere observed, \rhile opposite results
were obtained for aoother crei{rEmber (E,ig. 3, lc,.tier
graph) .

Salivary Scopohnln€
Concootration (pgllrl)

600

saliva sanples were clllected using a system
veloped at the Johnson spacr Center (4).
return, drug conc€ntrations in the sarples
deternined by established methods.
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perhaps because of the loss or redistribution of
body fluid. such changes in the phanEcokinetics
of drws a&ninistered to crernE[t)ers during a
mission nay result in ineffective therapeutic
responses or unexpectd slde effects.

The limited inflight data accululated thus
far are inadeguate to characterize the degree and
nEgnitude of and the lEchanisns underlying spac€-
flight-induc€d phanEcokinetic chanqes ' because a
nurber of variables influenc€ the disposition
profiles and kinetic paratEter estimates of
drugs. while infonEtioo about sonE of these
variables (e.9., mission day) is available,
infonnation about such factors as ingestion of
other nEdications during flight and the overall
physiologic response of each [Erticipating crer,r-
nErnbr to microgravity is unavailable. A c!tq)re-
heosive evaluation of inflight phannaclkinetics
of drugs under controlled experilrEntal c-onditions
is planned for future Spacelab nissions, rrhere
sorE of the factors contributing to the variabiL-
ity in data can be rDnitored if not cgntrolled.
The infonEtion thus obtained can be used oot
only to predict the therapeutic cpnsequenc€s gf
operationally critical drugs but also to describe
physiologic alterations relevant to overall
lIEtabolic honEostasis in hwEns.

Conclusion

SIEce nEdicine research in the U.s. has
focused on the 7- to l0-day spac€ shuttle tnis-
sions in reccnt years. As missions are length-
ened, it is anticipated that the effects of
space-f liqht-ioduc€d physiologlc changes eill be
nagnified and must be corrected to enable optirin
health and perfonEnce during flight and prorpt
readaptation to gravity.
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EISTO!rcRItsOMBIRIC AXAI,YSIS OF BONES OT COS}DS-I887 RATS

A.S. traplansky r G.N. Duruovar E.I. llylna-Kakuevat
z.P. Sakharova, E.V. Vorotnlkova

Instltute of BloEedical Problems' I2lo07 Moscovr USSR

It wag prevlou8ly shown that exposlF
re to mlcroRravitv mav lead to bone nln}
ral loas (1;4,5) 

'- 
oetLoporosie (3r8r9,

I2.15.15) and bone strengtb reductlon
(7.14). Eorever tbe procesa has been ln-
addquately studled and it 18 8t11I un-
cleCr {hether 1ts development has tlme
IiElts and reachea a plateau. It is how-
ever obvlous that even a ?-dqy exposule
to nlcrog.ravlty 1s a sufficlently loag
Dariod for osteoDorosl8 to occur aDd bo-
ie strengtb to chaage (3rII ,15r15). In
vlew of thisr we carrled out the present
lnve8tlgatLoD the purpo8e of 'dhlch was
to ldentify structural chan8ee l"n 8ke1e-
ta1 bon€s induced by a two-week space
flttht, to evsLuate them quantltativelyt
and to clarlfy meohanisms underlying
oateoporosis durlng the transient perlod
of adaptatlon to nlcrogravity.

Hlstomorphonetr 1c analy8is of the
spon8losa of t1b1a and vertebrae was
perfor@ed with the a1d of an lna8e aua-
lyzer trDP-Vldeoplan. The fo1lowln8 para-
meters were Beaaured Ln tbe bones: tra-
becular volune (Bv/Tv). trabecular nu]n-
ber (Tb.N), trabecular'thickress (Tb. Th)
and trabec;lar separatj-on (tt.sp.) (f:);
te8ides, the thlckness of the cartilage
gronth plate and wldth of the pri-mary
Bpongiosa were determlned. Tbe bone for-
matlon rate wa8 determined by coultiDB
the number of osteoblasts ln 1 EloJ of
ttre pr lmary spongioB.a and determlning
the osteoblast actlvity index (2) r beca-
use the amount of osteold ln bone trabe-
cules was ne8liglbly small and could not
be measured by the lmage analyzer. The
reaorptlon activlty was neasured by co-

lrate!1a1 ald Met bod I

unt
nm3
per
cu1

the nulnb er of osteoclasts per 1

tbe sponglosa (N.OclTlJ) as 1l,eII 6
mmj (N.oclBv) end 'l mmz of trabe-
bone (N.oclBs) (15).a.r

In cross-sectlons of the diaphyses
the Eurface area of the sortlcal plate
and bone marrow cavj.ty wete measuted.

The results were statistisally tre-
ated and dtfferences were taken to be
si8nificant at p< O.05.

Results and Discus s ion

Investigation of spon6y bone of t1-
b1a1 Eetaphyses sbowed that a l3-day ex-
posure to microgravlty lnduced osteopo-
roals aa indicated by a reductioD of the
bone anount i-n the primary and secondalJr
spon8iosa whlch occurled at the expense
of a decrease in the number and thickness
of bone trabeculea (tabte t). The thlck-
ness of the epiphyseal cartilage gxowth
plate and length of trabecules of tbe
pr j-na.ry sponglosa also dlmillished. A8 a
result, the area occupied by the prlnary
spon8iosa dlni-nlshed. lhe reduction of
the epongiosa of tlblal netaphyses was
conbi-ned yrlth a decreaae of the total
nu-nb er of osteoblasts 1n the prinary
Bpon8iosa and their functlonal actlvlty.
At the same tine ttle anor.rnt of osteo-
clasts in the prlmary spongiosa LDcrea8-
ed and in the secondary spongiosa remal,n-
ed unchanged. Aoid phosphatase actlvlty
i.n oateoclasts dlmlnlshed not lc eably ithle change csr be vlewed as a slgn of
lo{ered activity of osteoclaats as a re-
99I-t -of adaptatlon to Earth's gravlty
that began after r ecovety.

ing
of
1

[lbla aad lumbar veltobra€ (14-16)
of flve male rats of the Wlstar SPF
otraln were lnvestl8ated. The rat8 reigh-
lng 318 I sere sacriflced 2 days after
the 13-day fligbt on Coamos-1887. AIso'
tibia and vertebrae of vlvari\rn rats and
Sround-based synchronous controls t bat
f,ele exposed to aI1 p\yslolo8ically s18-
ntflcant fllght factors were exambed.
the proxllaal part of tbe tlbla waa aepa-
tated from tbe dlaphy8isr cut l]lto tf,o
part6 alon8 tho Baglttal plane srd fixeal
ior 24 hrs-in 46 pdr afornidel hyd e (pH
7.0-7.2) at 4oci then one portlon of the
prorinal conpartnent was dehydrated in
acetone replaced three times du-ring 35
hre at 4oC. embedded lnto the JB-4 medl-
un (Polyeciences, USA) lD the cold (-I5t)
(I0); the secoud portlon of the pro\ynal
coEpartmeDt aDd diaphysls were decalcifl-
ed I.u 106 EDIA (pH 7.O), dehydrated i]]
alcohols snd enbedded into Histoplast
(Serva, !!G). Lunbar vertebrae were er-
beddetl ln JB-4 or Hlstoplast.

UslnE the nethod of slmultaneoue
coupllng, the actlvity of lysosone acld
phospbatase (the enzyme actin8 as an
osteoclaat narker) was measured in secti-
ona of undecalclfled bonos cut by a PoIy-
cuts rolcrotone. For thls purpose 50 m![
sodiu! tartrate were added to the i-ucuba-
tloD aedluD (1O). Sections of deoalclfled
booea rere stained us1n8 hematorylln-
eoxiD, picrofuchsin, mett\yl Breen-pyroni-
De and toluldlne blue a-rrd sectlon of the
dlaphyses were stalned accotding to the
netbod of SchEor le.
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Z.F. sakbarova t E.v. vorotnlkova
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HlstoEorphometr ic analysls of the
spon8iosa of tlbla ard vertebrae waa
perforned wltb the ald of an lma8e ana-
lyzer llf,P-vldeoplan. The followln8 para-

It was ptevlously shosr ttrat exposlF
re to mlcroEravitv maY lead to bone m1n'
raI loBa (1;4,5) ,- oBt;oporosls (3 

'8,9'f2.15.I5) and bone stren8tb reductlon
(?.I4). Eowever th€ procesa baa been ln-
ad5quately studled al]d it ls st11l un-
clear wbether 1ts development has tlme
llnlts and reachea a plateau. It j.s how-
ever obvlous that even a ?-day exposrEe
to nlcrogravlty 1s a sufficlently lolg
oerlod for o8teoDorosis to occur and bo-
ie atrengtb to clrange (3r11 ,15r16). rn
vlew of this, we carrled out the present
lnvestlgatLon the purpo8e of whlcb was
to ldentlfy structural chalgee in skele-
ta1 bon€s induced by a two-week space
f1lght, to evaluate them quantltatlvely'
and to clarlfy mechanisms underlyint
osteoporosis du-ring the translent period
of adaptati.on to mlcrogravity.

![aterlal a]]d Methodg

Ilbla and lunbar veltebrae (14-L5)
of five mafe rata of the wlstar SgP
atraln were lnvestlgated. The rats trejgh-
ing 3L8 I wele Bacrificed 2 days afte!
the 13-day f1ltht on CoBmos-I887. .AIso'
ti.bia and vertebrae of vlvariuE rats and
ground-based synchronous controls t hat
iere exposed to a1I phy8loloBically s18-
nlflcant fllBbt factors wele examined.
The proxlnal part of the tibla f,a8 sepa-
rated fron the dlaphysisr cut lnto tf,o
Darts a1oE8 the sa8ittal Plane slal -flxeilior 24 hrs l.n 46 par af orrnad el Wd e (pH
7.0-7.2) at 4oc; then one portlon of the
proxlmal conpartment was dehydrated In
acetone replaced three tlmes during 36
hr8 at 4oC. embedded lnto the JB-4 medl-
un (Polyeciences' USA) 1n the cold (-l5t)
(1O); the secoDd poxtion of the proxymal
compartnent and dlapbysls,xere dec aIc ifi-
ed Llt l@ EmA ( pH 7.o) ' debydrat ed i-a
alaohols and eEbedded into Histoplast
(Serva, FxG). Lu.ob ar vertebrae were 6n-
bedded 1-n JB-4 or Hlstoplast.

Uslng the nethod of slmultaneoua
coupllng, the actlvity of lysosome 8c1d
phospbatase (the enzyne actint as a!
osteoclast narker) was Eeaaured in secti-
oDs of urdecalclfled boDes cut by a PoIy-
cuta nlcrotome. For tbls purpose 5O m![

meters vere oeaaured ln tbe bonea: t!a-
becular votune (BV/TV). trabecular nuE-
ber (Tb.N) , trabecular'thichness (Tb.Th)
and trabocrilar Beparation (Tb.Sp.) (13);
be8ldea, the th1che88 of the cartl]age
Brosth plate and wldth of tbe pllnary
spongiosa were determlned. tbe bone for-
matlon rate was determined by coultlnB
the nuaber of o8teoblasts in I mnj of
the primary spongioqa and detern1l]irxg
the osteoblast actlvlty index (2) r beca-
use tbe amount of osteoid 1! bone trabe-
culea v,as negl-lg1b1y small and could not
be measured by the image analyzer. The
reaorptlon actlvlty wag meaBured by co-
untinc the nu.mb er of osteoclasta per I
mm3 oI tbe sponglosa (N.oc/Ty) as well a
Der 1 mmj (N.OclBV) and 1 mmz of trabe-
iular bone (N.oclBs) (15).

sodiur tartrate were added t
tiou Eedlun (1o). Sections o
bonea f,ere gtai-ned usln8 he
eo:aln, plcrofuchsln r met hyl
De and toluldlne blue and se

o the iacuba-
f decal clfled
matoryl Ln-
Br eeD-pyroni-
ctlon of the

In closs-sectlons of the diaphyses
the eurface area of the cortical plate
and bone narrow cavlty were measured.

The !esults were statistically tre-
ated and dlfferences were taken to be
si8niflcant at p< O.05.

ResuIt s and Discus s 1on

Investigation of sponry bone of t1-
b1al loetaphyses sbowed that a l3-day ex-
posure to nicroBravlty induced osteopo-
roals aa indlcated by a reduct ion of the
bone aEount in the priBary and secondary
gpongiosa llhlch oocurred at the expense
of a decrease in the number and thlckness
of bone trabesuleE (tatre t). The thick-
ness of the eplphyseal cartilage groEth
plate and len8th of trabecules of the
prlmary sponglosa also dlm1nlshed. As a
reault, the axea occupied by the prinary
spongiosa dlnlnlshed. the reduction of
the sponglosa of tlb1al netaphyses wag
conbined rrl,th a decrease of tbe total
nunber of o8teobla8ts in the prlmary
spongiosa and theirs fwrstlonal activlty.
At the sane tlne tbe aEount of osteo-
olasts in the priEary spongiosa 1nc!ea8-
ed ard in the Beoondary spon8iosa remaln-
ed unchanged. Acid phosphatase actlvlty
in osteoclasts diminisbed notlceably;
thle charSe can be viewed as a sign of
lowered activity of osteoclasts as a re-
sult of adaptatlon to Earthrs gravlty
that begsn afte! I ecovery.

Ground-based synchronoua control
lats showed only a reductl-on of the volu-

dlaphyses were atalned accotdln8 to the
Detbod of Scblorle.
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me of the prlnary Bpongloaa wbereas the
volume of the secondary spongio€a did not
dlffer fron tbat 1n the vlva!lun cont-
ro1s. The reductlon ln the prlnary spon-
glosa voluDe rvaa accompanled by a decrea-
se ln tkle total nunb er of osteoblasts and
their functlonal activity. Tbe numb er of
osteocLasts in the prlnary and secondary
aponglosa wa8 sirnllar to tbat ln vlvarlun
sontrols and acld phosphatase activity
was sli8htly lower.

The thichxess of the cortlcaL plate
of tlbial dlaphyse8 and the area of the
bone narrow cavlty of the fltght rata re-
nal.ned unaltered wheD conpared to those
of the controls.

In coltrast to the tlbia, lu.nbar
vertebrae of fllght rats displayed only
early si8nB of osteoporosj-s, viz. thln-
ni-ng of bone trabecules ard increase of
space between them (Tab1e 2). Osteoporo-
sl8 developlng 1n both lunbar veltebrae
and tlbla le prlmarily caused by a de-
crease ln the rate of bone neofornatlon
whlch 1s lndlcated by a decL1l3e in the
nunber of osteoblasts. No slgn8 of en-
hanced resorption were formd ln lunbar
vertebrae a6 suggested by the nunb e! of
oateoclasts.

Illst omoxphonetr lc snalyslB of Lurbar
veltebrae of grould-based sync bronous
rats did not reveal any cbanBe8 as con-
par€d to the vlvarlurn rats.

our results Bive evldence that a
IJ-day exposure to mlcro8lavity causea
spon8y bone osteoporosLs developin8 prl-
marily due to lnhititlon of bone neofo!-
matioa and, 1r a leaser degree, stlnula-
tion of boDe resorptlon. OBteoporosls of
the spon8losa of tibial Eetapl\yses deve-
Ioped ln parallel wlth inhlbltlon of bone
Bxo'dth 1n length whlcb manlfested norpho-
Ioglcally as a reductlon of tbe thlckness
of tbe cartllage growth plate aDd prlma-
!y spoDgio sa.

UDllke spon8y bone that responds ra-
pj.dly to the effects of oicro8ravlty,
compact bone of the dlap\yses proved more
stablei after the 13-day fllBht lts ano-
urt was close to nornal.

Comparatlve evaluatlon of the seve-
rlty of osteoporosis 1n tibla and verte-
brae demonstrated that the spongiosa re-
duotlon 1n tlbla lllas more stgnLficaut
,r,hlch.lends support to the prevlous find-
inse (l,11,15).

In sunnary, among the chaDges seen
1n bones of rats flotrn on Cosmos-1887 va-
rlatj.ons of two tJrpes can be ldenttfledt
sone chan8ea emexged durlng fllght ln
reaponae to the effects of microgravlty,
J".e. osteoporosls, and otber cbargea oc-
cured imnediately after fligbt, 1.e. iie-
crease of acid pbospbatase in osteoclasts,
indicatlng the oDset of readaptatioD to
Earth I s gravity.

Table 1 Hl8tomoxphometr ic analysis of tiblal metapbyseg

Par amet er Rat s

F S F

Thlstonesg
of gro$t h
plat e, yD

Wldth of
pr lmary
EpoDSiosa
zone, llD
B\/rv,%
Ib.N , nm

tb.Tb.,Fn
Ib. sp. , pr
OIt eobLa st s
per mrj
Ost eob lastE
i-nd ex
N.oc. /Tv
PeI m1J

N.oc. /Evper mD,

N.Oc./BS
per nn2

Pr imary spongiosa

I77.O+4.0 190.0+9.O 146.O+9.2x,s

4II.OJ21.O 399.O18.O 259.O+23.gxr:ooc
35.43o.8 lo.ogl.os r9.51o.5xrEor
8.5$. r 7.51o.2n 5.r+o.Ix'ffi

41.O1o.7 39.OtO.8 31.Oto.?x')mt
75.o1f.7 95.o13.oH 135.013.5xrffi

Secondary gpongio8a

27.1lo,7 2e.7!L.3
4.71o.1 5. oto. L

59.o2t.2 ! 5. o11.6
I57.ot4.o 15o.ot6.o

I8.71t. Ox rffi
3.81O.2xt:oc

47. O11 . 1x rffi
260. Og18. OxE

1134.0142.0 855.0142. do( 925.oJ25. ox

1.5to.05 1.41o.04 1.3go. o2x

65.o!2.o 70.0t3.5 75,573.8x

r85.Ot12.7 24r.5!?4.O 4O2.5!r3.2x'w 118.7t18.0 99.3116. 6 135. 9129. I
5.oto.l 5.7lo.4 7.5Jo.7x')ffi( 4.2to.4 3.3to.3 3.Bto.z

32,5!2.1 27 .4!r 5 22.o+L.4xrw

Deeignatlons! V = vlvariu[ rats; S= sJmchlonous rats; F=signlflcart dlfferences between V and F rats;
xxx, between I and S !ats.

fli8ht ratsi x indlcates
)o(, between V and S rats;
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Tab1e 2 H18t oloorphoEetr ic aDa1y818 of luEbar vertebrae

AnlEaIB
v F

ThlckDess of grortb
plate, p!
Ostooblasts p", ,t3
osteoblastE Index
B\/11 , fi
Ib.N, ED

Tb.Th., P.n

fb.Sp., l.rE

N.oclrV p", ,r3
N.oclBv p", 

^3N.Oc/BS p", ,r2

14o,oJ8.5
461.ot35.o

1.31O.02
27.5!L.o
4.81o. I

56.ot]-.2
162.o17.o
21.Ot].5
79.579.5
2.9!o.2

141 ,oJ9.9
375.o!42.o

).. 21O.ols
27.610.7

5 .2tO. 1
54.o!1.1

151.o:5.2
r5.61I.98
57 .226.4
?.22o.2n

I43,og7.O
268. ot28.oI 'ffi

1.21o.olx
22.8+o.9xtffi
4.?1o.Iffi

48. ot1. ox ':os
I82.ot8.OE
24.973.7w

1u.9t21.offi
1.5+o.48
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Tm PAIIBNS 0F SPONTANEoUS OcUlOl,lCIOR
ACTIVITY DUNING WEIGETI,ESSNESS l.]iD RTF

ADAPTAIION TO GRAVITY Met hods

Invest igat lons were carried out
prlor to (before 40 and J0 dqys) and
after (on the znd, Jrd and 75th days)
the space fli8ht wlth fj.ve cosnonauts
being exanined. The flight duraEion of
fou.r cosnonauts (Nos.I-4) was I0 days
and one cosmonaut (No.5) had the space
fli8ht duxation of 241 days.

The lnstltute of nedlcal and biological
problelBs, the USSB Health ldinlstry* The Instltute of Physiologyr the Bulga-
rian Acaderqy of Sciences, Peoplers Re-
public of Bul8arla.

**The Institute of Space Research, the
Bulgarlan Academy of Sciencesr Peoplers
Republlc of Bul8a.ria

Introduct lon

Dur lng the perlod of adaptatlon to
microgravlty and the follovrilrg readapta-
tion to the Earth conditions cosnonauts
nay have speclfic sensory-notor leacti-
onsi ijl partlcula! in the oculoEotor
sphere. The extent and pattern of the
oculomotor activity are governed on the
one hand by the jntenslty and pattern
of afferentation of dj.fferent sensory
modal. itles (visual, vestibular, proprio-
ceptive), and on the other hand b;r the
state of centlal mechanj-gms, which con-
trol the oculomotor reactions.

Thls problem ls of particular j.n-
telest because the reactlvlty of the
oculornotor system characterizes the fun-
ctional state of the vestibulal systen
and j-ts lnteractin8 sensory systems and
topology of changes. Be6ides it ls re-
lectly related to tbe state of an opera-
to!'s lvatchlng capabilitles whlch are
amon8 other thlngs a part of cosmonautsl
professional act lv lt ie s.

ccurse of the space fllBhtr
(No.4) was exanlned twlce -
a.nd 5th days of the space f1
the other (Ito.5) rvas examine
on the 3rd day of the space
re and after (4 hours later)
the diureti.c rt!'uros enid n (O.
on the 5th a.rrj 154tb days of
flight.

Dur ing the rrLaDirintl experlment
the automated data acquisitlon and pro-
cessing syster (ADAPS, "Zora" was uied,
whlch system was developed by Bulgalian
speclalists based on personal computers.
Usin8 ana log-to-d j.g ital converter dls-
cretlzatlon of physioloBical systems was
fu1filled snd di8ital tuiformation was
stored on diskettes to be handled later.

RecordinB of oculomotor activlly was
carried out by electrooculography (EOG).
Investj.6atlons on nspontaneous oculono-
tor activityrr were carried out vrlth the

Two cosmonauts were exalrined in the
one of t hem
on the 3rd
ight, and
d 4 times -
fli8ht befo-
taking of

04 8), t hen
the spac e

stat ionar,v position of th
head. Spontaneous ac t i-vit
with the
the eye s

eyes closed and
open and goggied

e cosmonaut r s
y was r eco rd ed
open and with
. EoG was re-

The preflj.ght and postfllght lnves-
tigations of the vestibular function a-nd
its interaction wlth sensory sygterns,
whLch are being conducted since 1974,
showed that nost cosrconauts had a spon-
taneous positionaL nystagnus (7). One of
the fl!st space investlgatlon of sponta-
neous oculomotox reactions was carried
out aboard the Vostok €pacecraft (1).
However, no goal-orlented or systematic
investigations had been carrled out be-
fore 1984. Du.r ing the perlod of I984-f9A/
the Soviet and the joint Anerican and
European proErams of lnvestigations of
the vestlbula! funct lon under weiBbtless-
ness have been realized. Indi"vidual reac-
tions and some general laws of the ves-
tibular and oculomotor systems of Prima-
tes (Kozlovskaya I.B.(8)) and of a nan(the noptoklnez'r experinent, Kornllova
t.N.(5)) have been itueiea.'The logj.cal
c ont inuat ion of the rroptokineztt experi-
ment is the Soviet- Bul8ar ian experlment,

coxded with the eyes in the following po-
sitionss dlrect and the extreme left;rlght, up and down. It took IC secondsfor each po sit 1on.

- Whlle handllng the oculograms, the
amplitude, frequency and velociry of the
slo,n phase of a spontaneous nystagmus
were analyzed along with the amplitudeof the eyesr saccadic and snooth move-
nents, anplltude and veloclty ol the
horizontal ard vertical eye lnovenents
in -response to a command and the durati-
on of fixing reactions. The analysls of
EOc was perforrned from diskettes-on a
conputer usixg special pr ogr ans.

Result and Di-sc u€s lon

Before the spaceflight all tbose
examlned, except cosmonaut No.2, had no
vestibular disfunction in the fornr of a
sPOntaneous nystaBmUs.

one cosmonaut examlned (fo.Z) Uaa
an upward horizontal spontaneous nystag-
mus that was first recorded after hls
75-daysr space fllght in 1983. l'he re-sults of a di,nanic cllnicaI physiological
investisation showed that the nature,
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dlrection and lntensity of a spontaneous
nystagnus of that cosnonaut was lot cbe-
g-ed in tlme. The sald nystagmus vlas not
iubiected Eo adaptatloni did not fade
swai and was neve.r followed by dizziness
when changing the hcad and body positlon

the background exanlnation of other
cosnonauts (Nd.I, lio.3, No.4r llo.5) sho,r
ed the stable positj"on of the eyeball's
with lrreEular involl'rntaly micro move-
nents (nicro saccades) in the forn of
quadricular (306) or nystagmus (7@)
iunps with an amplitude up to 20 and
irequency of f,.8-1o/sec.

Lle consiiered such lnvoluntary sym-
metrlc eyesr micro-novements of the cen-
tral nature, generated on the autor0atlc
principle as a f'nnc t lonal p\ysiological
oculomoto! actlvity. The occurlence of
the eyesr junps and srnooth movenents
,rith Ln emplituae oi more than 20 was
constde!ed as a spontaneous activlty and
destabillzatlon of the eyeballrs positi-
on, and i.nvolurtary rh/thnj,caI eyesr
jelks as a spontaneous nysta8mus.

cosmonauts had the smooth ey
even with the eyes oPen (Arp
l:arttl such reactlons occur U

wlth the eyes closed.

es movement s
1=3-40). on
s a rule
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The bac
ed that a1L
the eyes in
d irect lons (
e/e movement
litude of 8o
ed by a shor
t agmus- l ike
dr]rat ion of

kground investlgations show-
those exanined when nor'hg
a horizontal and vert ic a}
rIE. 1. A.1; Fig.2.A.l) had
s in xesponses wi-th an anp-
tlo and, as a rule, follow-
t increase of a fixin8 nys-
microsaccadic acE i?ity ( the
a microsaccadlc react lon was

I

l-

Flg. 1. Horizontal eye novernents in test
subJect 5.

before f1lg
f 1ig trt day
administexe
flight day
mirist ered i
flight day
flight day
po st fl ig ht
post fl iB ht
Eoc vert ica

:'*-* I

EoG horizontal lead;
d irect lon of eye qovqBPr.r!8
eyes open; 2 - eyes closed; J

a-nd d ar k- goggled.

2rl sec). Sometimes at the monent of mov-
in8 the eyes there occujred single cor-
recting: saccadic movements of the eyes
vrit hin 2 to 3u.

ln the course of tire back8.rou.nd in-
igations of cosmonauts with lhe eyes
ed there occurred a gpontareous smo-
eye rnovernent s acrivlty y/1th the an-
'-roe t,j J to 4c, or ;hc anplirude of

hrI

vest
cLos
ct h
p 11t

1
d
d
1

A
B

c

D
E
F
G

ht
3 before a di-uretlc

after a d iuret lcsaccadia eye novements i:r response lic a
co;0marrd was jncxeased when noving the
eves alonR a horizontal (19+2o) or a ver-
ticar rlnE (1412o) (ris. 1.1.2; T1s.
2. A.2\ .

e

L+
ay
ay

1 adIn the case of the eyes open and
dark-gog8led the anplitude of horizontal
and vertical eye novements j.n response
to a cor,rnand increa€ed stl1l further,
$rhlle the anplltude of smooth movenents
v,'as led-rced iI comparison with Ehat with
the eyes closed (9ig. 1.A.1; 9ie.2.A.3).

The distinctlve features of oculono-
tor activity with the eyes open and clos-
ed and lclth the eyes open and dark-goggl-
ed, ,.chici'] are observed during the back-
gro\rnd lnvest i8at i.ons a!e charactexistic
for normal healtry people under si$rila!
cond lti.ons.

When examined on the 3rd d4y of the
space fllEht both cosnonauts revealed the
incIease of a nunber of j.nvoluntary nicro
saccades of the eyes and change oi the
proportlon of their forms, i.e. micro
s3ccadic quadricular motlons 531 and nys-
tagmus - 5Of. Dur ing the space flieht the

Ttre amplltude of eyes novement s inln response to a comand yrhen moving the
eyes into tbe extrehe horizontal or vex-
ti.cal positions with ttre eyes open did
not practically differ from that of pre-
flight.

liowever the increase of a nunbex of
correcting saccadic movements of the
eyes was noted practically each tlne
when noving the eyes. The duratj-on offixing reactions has increased :nore than
twice It=7r9 sec. ).

The vertical (E0c) for r[e eyes
clcsed and Istral8ht'r showed fcr botb

1-
open
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cosmonauts a spontaneous up-orienEed a]]d
ba9ically clonus-11ke velticaI nyst agnus
of an average anplltude (A=5-7o, RSP(!ate of slow phase) = 32!).2), a&d
c hanging perlodicalLy from tone to undu-
1a!.

edw
ina
tud e
bac k
F 18.

as markedly i.rlc r easi-ng, particularly
vertical dhection, and lts magni-
( A=22!2o) was grea[er than jn [he

ground before the flight (iig.I.B.2i
2.8.2) .

AIso lncreasing was 6he amplituoe of
smooth (6-7o) and saccadic movemenl,s (3-
50). ay the end of tbe accomplishrnent-6f
test exercises spontaneous oculomotor ac-tivity went more expr ess ive.

yJith the eyes open and dark-gogtled
as compared with the eyes closed both

Retestin6 cl cosmonaut lio.5 accord-
ing to the ll,abirjntn plo8ran the sane
day (i.e. the 3rd day) but in 4 hours
after taklng dluretic (Turosemld - 0.04)
revealed no esgential changes in the
gattern of oculomotor ac t ivity.

The eyesr novement into the extrex0e
horj-zontal positions caused decrease of
the verEical nystagmus, whl1e the verti-
cal gaze movln8 resulted i! an increase
of the vertical nysta8mus (FlB.3B).

The vertical spontaneous nystagmus
was isolated and it was recorded both at
the stlaight gaze and the extleme velti-
cal eyes noving, 1.e. in the d j.rection
of the fast and slow nystagrnus phases.
Such a nystagmus can be related so the
Ist, IInd and IIIrd glades, which points
to the participation of the vestibular
system both ln peripheral and central
formations. Besides the eyesr vertlcal
moving caused a flxat lon nysta8mus (A=3-
-40), which passed lnto a 'fixatlon reac-
tion (t=IO sec) and then into a sponta-
neous nystagmus (A=5-8o).

The aDplitude of eyes movenents in
response to a coEnsnd wlth the eyes clos-

In the same waj/ as befor
diuretic only funct lonal, phy
or micro saccadic actlvlty wa
with the cosmonautrs eyes opeplltude of horlzontal aJld ver
movements jn response to a co
simllar to thaE before ta.(ing
and the gaze movement vras exa
any couect ion. (F1g. 1.C.1;

et
sio
sr

aking
l ogic al
ecorded

n. The a&-
tical eye
mnand was
diuretic

ct wLt hout
Flg. 2. Ci 1. ).

n

I

a

t

t<--.-_-_
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ll. a
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Fig. 2. Vertlcal eye movements in test
subject 5.
!o! desi6naticns see IlB. 1.

I direction of eye novenentF

cosmonaut s revealed i.nc! eas in
eeous oculonotor act ivity of
and saccadic pattern. At the
zontal removing the anplltude

8o
the
eye
of

f spont a-
snoot b

I t hor i-
smoot b

eye moveneDt€ recolded was 5+2o and sac-
cadic movenents - 4+2o, vrhitE at rhe ver-tical removing against !he bac(ground of
snooth eye moveDents tttere was iecorded a
9pontaneous up-oriented trystagmus of theIstrllnri and IIIrd grade tasidally clonus--like and perlodically undular or tone
:Fls. lB).

The amplltudes of horizontal and ver-tical eye moveBents and correcting sacca-
dic.movements wlth-rbe eyes open ana gog-
greo were I0entlcal to those recorded
nit h the eyes closed"

After horizontal and vertical eye
novements plolonged (up to IO-11 sec)
micro saccadi.c reactions were retained ag
a hl8h-frequency and 1ow-anplitude nystagrnus. At rhe vertical eye movements a sDo;
taneous vertlcal nysraRnus (A=3-4o, RSi, -
)o.272.7o).

Cosmonaut No.l, had more pronounced
features of ocul,omotor reactlons, than
c osmonaut No.4.

JI

In the case wlth the eyes closed
there were reco.rded as i_n the pleviously
examination, Ehe eyes smooth movements
on the background of whlch in a vertical
canal there was as befole a spontaneous
up-orLented clonus-1lke and per lod tc a1ly
chan6lng lnto undular or tone nystaRmue-of the 1st, IInd or IIlrd gr3de- (F1E.3.CI

In the same way as befo.re a sponta-
neous nystagmus was recorded with the ga-

The Physiologist, Vol. 33, No. l, Suppl., 1990 s-25



ze str aight-or ient ed. It increased when
moving the eyes moving to the rl8ht or
to the Ieft.

spontareous nystagmus as beforet
a horlzontal ECG 1! n'as saccadic
vlty.

and in
acti-

The amplltudes of eYe movements to
a command vrere the same uith correcti-n8
saccadic movements and prolonged fixa-
t lon reac t ions.

on Et--e 5th day of the space fll8ht
both cosmonauts (N6.4 and No.5) reveal-
ed no spontaneous snootb or saccadlc
novements sith tbe eye open. The eye-
baLlrs positions !ve!e stable. Moving
tile eves in an.'/ directlons ?.ere exact
*iitoit "orr"ciior,. 

(Fig.1.Di Fi6.2.D).

!!j-t h the cosmonautst eyes closed
ne:ther spontateous ve.!t ical nysta8nug
nox horizontal saccadic actlvity were
ob s erved (.! rE r ., . D/ .

i'J hen movillg the eyes in a vertical
dixectlon the cosmonauts had the larger
anplltude of eyes novements to a commard
than with the eyes open or than on the
3rd day of the f118htr and ln a horlzon-
ta1 direcrion it vras less than on the
3rd dsJ.

Both cosmonauts revealed the chan-
ge of the veLocity of conmand eye nove-
nents. Yelocities of the eye movements^
are decreased from Zo-60o/sec to 25-40"/
sec (!ig. 48). the time of the eye move-
ments was Breatly increased from 4U2.2
to 72+4 sec. ECG repreaented no! a sac-
cauic-mcvenent, but a snooth slne curve
\ !,]9. I.,r; t t8.1. D).
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The character of
ty with the eyes open
vras similar to that w
ed, the difierence be
plitude of vertical e
resDonse to a conmand
t trai; of ooIizontal (A
4cr5Oo ) . vertical eye
dissymerxical (Aup> A

oculomotor act ivi-
and dar k-goggledj.th the eyes c Ios-

ing j.n that the ar1-
ye movements ir
was larEer than

hor=21'r24o r Avert=
movements were

r.,, ao )
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Flg. 3. Spontaneous oculomotor acti-vlty
in test subject 5.beforer durlng
and after flight (with eYes clos-
ed ).
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t{ d ir ect ion of eye rnovements.

Higher saccadic activlty was observ-
ed in a horizontal EoG. The a,rplitude of
eye L'lovements to a conmand was larger tha
thar vrlth tbe eyes closed but of the sane
magnitude as before taking diuretic.

Because of the presence of a verti-
cal nystagmus and higher horizontal sac-
cadic actlvity the eyes novements to a
command were performed with difficulty
and were acconpanied by correctj.ng sac-
cades (Acor. sa";l-!!) - 

gna prol-onged fixa-
t ion reactloiS- (t=1o-I1 sec).

'lJith the cosmonautsr eyes open aIId
dark-goggled there was observed ar hcree
se of srnooth eJ/e movenents. In thls case
1n a vertlca] EoG there !1as reccrded a

It should be noted that on the 3rd
and 5th days of the space fli8ht both
cosmonauts revealed the eyes voluntary
movements from the left to the light and
upward not in a hori.zontal or verti-cal
line but diagonally, since the eyes mo-
vement v/as registered simultsreously in
a vertical and in a horizontal canal of
rDG (ri8.l.c;1.D. Fle.2. c;2 . D) .

On the 154th d4y ol the space
fli8ht spontaneous actlvj,ty was practlc-
a1ly not recorded with the eyeg open.
l,rlo'.'ing the eyes intc the extrene hori-
zonnal and vertical posltions occurred
with a sma11 anplltude without correct-
ing sacc ad es.

di
3a
d;
5i
]164
day
day

iE htpostf

fter a d luret i c

2
7

D-
E-
T-
G-

The eyes closlng resulted ln the
eyeoalls I destabillzation ard occurren-
ce of smooth mcvEments (,t=4-5o;, in the
!0G vertical or horizontal cana1. 0n
the background of smooth novements there
v,e.re recorded a spontaneous up-orlented
vert ic aI 1ow-arxpIltuCe clonus-11ke nys-
ta6nus (of lsr-IInd grade)(Fig. l.E).
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ttcog rl,r 7n1
*

ball8r position was stable. The eyeballst
voluntary novenenta lnto the extreme po-
sltions were of a sma1l amplitude rith-
out corxectlonr alrd the duration of flxa-
tlon reactlons correspoDded to tbat of
normal type (Iig.I.Fi F18.2. f') .

fJj-th the eyes closed or open and
dark-gog8les spontaneous activity of tile
saccadic and snooth pattern i-ncreased
especially at the eyesr vertica
ing. There vas noted an ilcreas
amplltude at the extlene eyebal
moving as compared with the eye
and also ',Yhen compared with the
of the prefll8ht examinatlon wj.
eyes closed; the anplltude lncr
the eyes movements at the gaze
renov inB (more pronounced with
open) is cornparaole to the resu
tained during the f118ht. In mo
as also dur inB the fllght at th
hor izontal and vertical removir

emov-
f t he

.! e-

eyes there were.recorded the eyes cor-
rec!irg saccades followed by a prolonged
(10+II sec) tail of fixation reactions.

Cosnonaut No.? retained a spontane-
ous nystagmus recorded before tbe space
f11ght also after ttre flight. ylhile relth
the eyes open a nysta8mus occrEred pe-
riodlcally, lt was regularr nailrly up-
o.riented and of an average amplitude
(4r5o) witn the eyes closed or open and
dark-gogg1ed.

Because of a spontaneous nystagmus
tire cosmonautrs eye movenents in respon-
se to a connand were bxoken both wlth
the eyes open and closed (the eyes had
nystagrus and floatation). Cosmonaut No.5
belng exanined on tbe 75tir day after the
241-days space flight dld not showed the
characteristics and intensity of oculono-
tor acti-vlty loentical to the p.re-fti8ht
data! the veltical EoG fo.r the eyes clos-
ed spontaneous nys t agmus.
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Fig.4. oculoBoto! responses to eye ho-
rlzontal and vertica] Dovenent g

toward extreme polnt s.
A - arnplltude of eye movements;
B - veloclty of eye movenent s i
Abscissat exanination days i
ordinate! paraDeters neasured ;
Arrorus indicate eye novement direction.
I - before flight; I1 - during fllght;
IIl - after fli8ht.

The eyeballs I volunt a.ry moveEent s
into the extreme posltions took place not
In a horizontal or vert j-caI direction,
but dia8onally an
less than on the
f1i8ht (r'i8.4.A)
eyes movenents in
ons was lower (Fi
vements represent
gmooth rnovement I
tion reaction (t=
eyes open and dar
the decrease of t
oug ocuLotrotor ac
vert ical nystagmu
E). 0ther c haract
movement s were id
the eyes c losed.

t he i.r snplitude was

Correlation between the xesults of
investigations of spontaneous oculomotor
reactions before, dur 1ng and after the
space flight nade it possible to reveal
ln those exaroined aloo8 with tbeir indi-
vidual features a number of regular char-
ges of the characte! and intensitj/ of
oculomotor activity. Thus, with the eyes
open dulix8 the space flitht a.,rC after
1t only sone cosinonauts had the eyes de-
stabilizatj.on and spontaneous act ivity
in the form of snoott'l and saccadic move-
ments. \Yhile all the coamonauts had such
featuxes {1th the eyes closed o! open
and dark-go6gl-ed especially at the eyesr
lemovlng reflectinS the eyeballst verti-
cal novenent s.

Iloreover, one cosmonaut (No.5) re-
vealed when being first exanlned dur i.n8
the space flight a spontaneous nystagnus
!01th the eyes' ve.rtj-cal removing, which
lraa not lecorded on the 5th day but oc-
curred agajn on tbe l54th day.

That cosrnonaut had no spontaneous
nystagmus after the 24I-days space flight
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cogmonautsr spontaneous activity {,as not
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and retr[n1ng to Earth but had lt a8ailr'
on the 75 day.

Du! ing the space f1lEht and after-lt
all the coimonauts wlth tbe eyes closed
or open 8nd dark-gog8led thowed an e8-
sential increase of tbe movementsr an-
Dlltude wben removlng the eyes lnto the
lxtreme posltions especially in a verti-
cal d1Iectlonr occurrence oi correctlnE
saccadic movementg (or nystagnus) ' an
increase ln time of fixiDg reactions.

Eve movements ln response to a coE-
rnand oi some cosmonauts afler the flight
lcere sotrlewhat laboured, 1.e. tlrne of
eyes' renovinR lnto the e:atleme posltlon8
iircreased and-the eyeball floated.

The lntenslty and character of !po!-
taneous oculouotoi reactlons observed tlE
space fllght 8nd afte! were very nuch-
simllar t5 those previously -recorded in
the rtoptoklnezn experlment (5).

lhe occurrence of h18her spontane-
ous actlvity of a snooth or saccadi.c cha-
racter o! even the oscurrence of a spon-
taneous nystagmusr a sharp Lncrease of
an amplltude *hen removing the eyes into
the eitreme positions (especially up and
down), followed by the eyes co:rectlng
saccadlc novenenta (or by nysta8rous) r an
lncrease ln duration of fixing reactions
- all thls is lndicatlve of relievin8
vestibular and oculonotor .lreactions. fhe
chanBes of paraEeters of spontaneous
oculomotor reactlons may be due to the chang
cha-rrees oi afferentation at the vestibu-
lar input (an inctease ln acElvity of
the vestlbular nerve), or to the chanBes
of neuron act j.vity on the 1eveI of relay
structuree - flocculus and vestlbular
nuclei of the celebrum (Kozlovskaya I.B.
et al. (8) ).

The dependence of the eYeball and
nysta8nus stability on the visuaL input '
attests to tbe leadlng part of the peri-
pheral branches.of the vestibular si.stem.
iith the eyes openr reference points be-
ing present, the eyeballsr position is
stable and no nystagnus is recoxded. The
occurrence of a spontaneous nystaBmus
wlth the eyes closed and retaining it
with the eyes open and Eoggled is testi-
rnony to the participation of pexipheral
fcrrnatlons in its genesis. According to
I8a.rashi eL (5) the chan8es in the verti-
cal oculonotor systen observed in space
(a spontaaeous vertical up-oxiented nys-
tagmus, dlsoymetry of vertical fixlnt
reactlons - up down) may be due to
distorted aiferent impulses from the oto-
llth sacculus. Besides a spontaneous nys-
tagmus of the Istr llnd and IIIrd grade
and the eyes up- and downward smootb mo-
vements are indlcative of the participa-
t io/r of central stluct'djes and the vesti-
bular systemrs sectlons. Ttre lncrease of
a nu[ber of quadrlcular mlcro saccadj-c
movementsr their dissym&etry and the eyesl
incidental oecilla!1ons (an undular nys-
ts6mus) - all thls is probably the lesu1t
of the interaction of the cerebel]ud and

vegt ibular systen under welEbtlessness.
It shoul,d be'taken into conslde!atlon
that under lltelShtleseness supporting -unloadlnR" also tar<es place the so-call-
et- (propiro""pt 1ve depriva!1on) r whlch
fact also to a certain extent causes mo-
dulatlon of oculotrotor xeactlons (3).

fhe eyes sllooth Eovement s
'll1der we ightlessness Perhaps re
chanses of functioning leve1s o
brai; "conEroIIlngn c entral for
Lnc lud inE reticula.r formatlon o
rum and ihe cortex of the cereb
spheres (2t4). l;e nay suggeet t
wLiqhtlessiese the back cortici
flo; is reduced and the cortex
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lrifluence on sub-cortical stluctures Ls
also decreased.

When sensory fimctions are free of
the central influence' their automatlon
leads to an increase of the sensory sys-
tensr functional activityt i! partlcular
of vestlbular and related oculoxnotor
act iv lty.

!!e may also expect that the redL-
stributlon of the liquid media jn manrs
constttutlon 1n a clanial directlon re-
sults ir the character of sensory-motor
reactlons r,urder weiSbtl,essness. However r
thele was no such an effect 1n cosmona-
ut No.5 exanlned after taking dluretlc.
Pelbaps soxae violation in the sensory
eotor sphere of that cosnonaut was not
due to the hemodynanic factor.
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Instltute of Errolut lonary MolphologJr
and Ecology of Aninals, Moscow, USSR

Introduct io!
Electlon nlcroscopy of the braill of

arlmal.s flown 1n space 1s one of the me-
tbods to exanlne lts function and struc-
ture ln mlcrogravlty. 0f lnterest is the
study of the cerebellar nodulus coltex as
welL as the gomatosensory and visual cor-
tex which recelve gravLceptive, p!op!io-
ceptLve and photoperceptlve inpulses pro-
vldLng i.nfornation about the gravitatio-
nal level snd spatial body positlon.
Electron mlcroscopic exanj"natiotr of the
nodulus cortex of tats florn for 18.5
days on Cosnos-935 (3) revealed ultra-
structural charses in terminais of mossv
fibers (TUF), iIe. axonal terminals (AT)
of neuirons of the vestj-bular gangllolr.
These cha.nges were lndlcative of TMF su-
pelexcltation and leflected supe! exc it a-
tlon of the nreceptor ce1l of the utrlcu-
lus - leuron of the verstlbular gangLion'l
system that developed postflight. Tbe puF
pose of the present study was to lnvestl-
gate the ultraatructure of tbe nodulus
cortex of pregnant lats after a 5-day
f118ht on Cosnos-1514 and of the nodulus
cortex as well as the somatosensory and
visual corter of the blalD of mal€ ratg
after a 7-day fllght on Cosmos-1567.

TI{E TTTECT OF SPACE TLIGH! ON TTM
ULTRASTRUCIURI Or THE RAT CEFEBEIT

I,AX AND IIEMISPHERE COR?D(

Uethods

Blalns of lats fron fllght, synchro-
nou€ and vlvarl],rm control groupsr each
conslstina of 5 (Cosnos-1514) or 7 (Cos-
mos-1567) -anlmals, were lnvestlgated. The
rats were decapltated 6-8 hrs after reco-
very of Cosnos-1514 or 4-8 hrs after re-
covery of Cosmos-1567. TTo-three ninutes
after decapltatlon strips of the nodulus,
somatosen€ory and viEual cortex were flx-
ed by lmmerslon in 2,518 glutalaldehyde ln
0.1 M cacodylate buffe! (pH ?.1) s1 4og.
Ihen the blosample8 were postftxed 1n 2%
Cs04 1-n the same buffer and embedded tllaraldlte. Flontal ultrathln section were

Havjn8 ln vler the concept tllat
structural and furctlonal changes in ne.r
v6 sJmapses are correlated (5), it can
be postulated on the grourd of ultra-
structure analysls that 6-8 hrs after
recovery (Cosmos-1514) TfiEs 1n the gra-
lular layer of the rat noduLus were irl
the state of superexcitation (IlB. 1)(3r4). fhls ls indicated by! 1) densely
packed sFaptic veslcles (Sv) that fill
in the termlnal; 2) unusual SV cluster-
in6 near presynaptlc membranes of axo-
Cend!ltlc synapses; J) increased elect-
ron denslty of pre- and post-synaptlc
rnembrares and post-synapt lc thlckening;
4) enlarEement of the synapt ic gap. One
third of the axo-dendlltlc synapses sholF
ed synaptic transnisslon blockadei thls
was suEgested by the fact that there was
a 10-20 nn dlstance between SVs ard the
presJmapt ic nembrare, the post-slraptic
thlckeni.rl8 was well dellDeated, and the
structure of mltochondria and cisternae
ln post-sJmaptlc elements was well pre-
served (4).

In rats flown for 7 days on Cosmos-
1557, TlEs in the nodulus c6rtex were in
the state of excltatlon 4-8 hrs after
recovery (2). This 1s ladicated by: 1)
Breater area of distrlbutlon and amount
of SVsi 2) notlceable SV clusterlng near
presynaptlc menblanesi 3) increased ele-
ctron density of pre- and post-synaptic
nemblanes arld pos t- synapt ic thickeningi
4) enlargement of the synaptic gap.
Blockade of synaptic transmissioD occur-
red 1n approxlmately every tenth axo-
dendritic synapse of fltr.s.

Ultrastructure of the Bossy fiber
ternlnal 1Ir the granular layer of
the nodulus cortex of a Cosnos-
1514 !st. State of TMF superexci-tatlon. llagnification x42 ,0OO.Bar indlcates 0.4 uE. ti[P - termi-
nal of a mossy fiber, PS - post-
synaptlc segment of a granula.l
cel.1s dendrltei SV - sJmaptlc ve-
slcl"ei M - mitochondriai S - sy-
naps e.

exanhed electron nic! oscopic aI
IIl lqyer of the sonatosensory
x6000, was used to count the fo
paraneters i! sequentlal I50 4rn
nornal I.5-2.5 uu thlck Atsi nI
ndarkr degenerated ATsi axonal
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Ihus, the ultrastructure of TlrFs ln
the granular laye! of tbe nodulus cortex
of rats exposed to 0 G fo! 5 or 7 daya
and to 1 G for 4-8 hls after lecovery po-
inte to th€i! excltatlon. This excltation
of TMFS, $h1ch ale axonal telmlnals of
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tgh
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nes and axo-dendrltic sJroapses. The data
were treated usLn8 the Studentts t-test.

Results ard Di-scus s lon
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neulons of the vestibular Sanglionr re-
flects. in onets tu]gn' excitation of the
"receotor ce1I of the utriculus - neulon
of thi vestibular gaJ3glion'r systen. The
lattex should be vlewed as a result of
enhanced sensitivity of the otolith cr-
Ear in microRravity! after recovery the
iats were foi 4-8 hrs e)sposed only to
larthrs gravity whlch m4v stinulate ttre
otolith iLrncti-on only in case of increa-
se of its sensltivity. The stinulati-n8
effect of Earthrs Sravity on the oto-
Iith organ after recovery 1s supported
bv ulrr;st,ructural studles of TLIFS in
t-he ground-based experj.nent in which
Dostillsht exDoslrle to i-t luas simulated
irv rai Eentriiuaation at 2 G for 5 hrs.
l"he result s of 'IN]r ultrastructural stu-
dies serve as morphologlcal evldence jn
favor of a higher sensitivity of the oto-
lith organ in microgravlty. they Sive
support to the observation $e reported
orlvlouslv on lhe basis of our electron
iricroscopic examination of the rat nodu-
Ius cortex aftex a 18.5-day fliSht on
Cosmos-936 (3).

In the somatosensory cortex of tbe
?-cav Cosmos-1557 rats we revealed ultra-
strultural changes (most expressed in the
IIl layer) which suggest a nicrogravity-
i-nduceil reduction oi afferent illpulsati-
on. This is evidenced by3 1) d.rastic de-
crease of the nunber of axo-dendritic
synapses iIr the IlI Layerr where fibers
fxom the venliral nuclel of the thalanus
end, whlch rcceive lmpulses from propriq-
and 'ext eromec haror ec eptor s (Iig. 2 ) i 2 )
drastic lncrease of the numb er of 'r1i8htrr
deReneration ATs whlch normally emerge
afrer prolonged decllne of neuronal ac-
tivity (5) and are characterized by a
siqnificant decrease of the nuDber of
syiapttc vesicles and mitochondriar de-
cline of electron density of the matrixt

a no'ti 1c eab 1e incxeas
ed by processes of I 1ia1

the area occup ].-
cells.

References

Iontov, A.S. E1ectlon rnlcroscopic exa-
nlnation of synapses of splnal cord
anterior horn cells after electric
st inulation. Arc h. AnatlHigtqlax4brxol.

vrlth integrity of the membrane of the
rutllne of TItIFs; 3) fraEmentation of
structures in post-synaptic seBments of
dendxite spines pointln8 to extended re-
duction of'affer;nt impilsation (5). At
tbe same tine the ultrastructuJe of the
somatosensory cortex showed siBns of its
excitation slmilax to tbose found in TMlb
cf tbe nodul.us cortex of Cosmos-1557 rats
as we1l. as signs of lts super exc itat j.on
represented by a Sreater number of ndarkrr
deEeneration ATs (Flg. 2) whlch are a so-
11d osmiophilic condensatlon produced by
an acEive stimulation of neurons (1).
This state of excitation of somatosensory
structures reflects an enbanced fLow of
proprlo- and exteroceptlve impulses en-
tering the cortex durlng 6-8 hr exposure
to Earthrs Bravj-ty afte! recovery and in-
cicates a hlgher sen€itj.vity of proprio-
and ext eronec banor ec ept o! s of the rat bo-
dy and l1mbs in microgravity. At 0 G dis-
orders of synapt ic links that exist on the
Earth develop in parallel witb an act j.ve
formation of new llnks in the somatosen-
soly cortex. The Latter 1s evidenced by
a slpnillcant lncreage in the amount of
axonil growth cones (Fig. 2). The Ir-rv
layers of the somatosensory coxtex showed
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Fip. 2. Distribution of structures in the- III layer of the somatosensory
cortex of Cosmos-166? rat s.
NAT - normal axonal terminals;
LAT - rlight degeneration of
axcnal terminals; DAT - darkn
deEeneration of axonal t erminals ;
GC - axonal Blowth conesi ADS -
axo-d endr j-t lc synapses.

The visual corte:{ of the 7-daY Cos-
mos-I55? rats displayed u1t rastruc t uial
siBns of the processes descrlbed above ln
the sonatosensory cortex; however most
changed Afs developed ttliShtrr degenerati-
on and morphoLogical Bl8ns of excLtation
u/ere less expressed than those seen Ln
the sor0atosensory cortex. In tbe visual
cortex growtb cones vrere mostly concen-
trated in the lI-Mayers.
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Whe[ mar is subjected to wei8htless[ess, tbc body fluids io the
lower part of the body move to the thoraco-cephalic regiorls itr
the ab;ence ofhydrosiatic pressurc: this fluid, shiti estimated at
approximativcly 1.500 to 2.000 cc, is the main cause of the
Cardiovascular Deconditiorning Syndrom (C.D.S.)(4)i the
main symptoms of which appear on rctuminS at canh after
space missiols. This syndrom is characterizcd by:

- a higher hcan rate at rest,

- an onhostatic intolerance (drop in systolic and diastolic pr€s-
sures with an increase in heart rate) Possibly accompanicd by
a presyncopal stat€ orasyncope,

- a higher submaximal oxyg€nc consumption for an equivalent
work load.

Orthostatic intolerance *ith its accompaSying risks of syncoPe,
is a particutarly topical problcm with the cominS for Spac.
Transportation System, it's beinS knowll that astronauts would
suffer from the effects of recotry acceleration along the +82 axis ;

the risk of syncop is increased as this new strcss is added to
c.D.s (5).

CARDIOVASCUL"q.R DECONDITIONNINC DURING
WEICHTLESSNESS SIMUI.A.TION AND THE USE OF

LOWER BODY NEGATIVE PRESSURE AS A
COUNTERMEASURE TO ORTHOSTATIC INTOLERANCE

Manydifferent methods were suSSested to counteracl the ortho_
static intolerance includinS aoti-8 suits, creacices, clectdcal
muscle stimulation saline loadinS and various pharmacologic
agents; if som! countedneillures had been evaluatcd in
controlled cxperiments, their eflicacy is uncertain and their
mechaninsm of action unknown.

The main purpose of this study was to assess the sP.cific etlects
of pe.iodical lrwer Body Negative Pressurc (L.B.N.P.) sessions

on thc C.D.S. durinS a bedrest expcriment and mo.c specifically
on lhe orthostatic intolemnce postural hypotension is in raibly
obsewcd after prolo[ged bedrcst such as *hen astronauts
folloving return to Eatth from missioN lastin8 at least several

days.

Statistical analYsis

The subject's data were aDallsed usin8 a paired test. The o.-
thostatic tolerarce data weae aoalysed with a one-way repeated
measur,es Anova desigr. Post hoc testint was accomplished with
Duncan's multiplc range test.

All statistical anallses employed all p level of 0,05 to denote
significatrcc.

Resuhs

General procedures i two bedrast studies were pedormed at all
interval ofonc year, with the participation ofthe same volunters
(except on€ subject) after the aSreement ofthe French National
Ethics Commitee: (t) the lirsl one, in November-Decedber
1987 ; (2) the second onc, one year later itl ScPtcmbet-October
1988. Thc all duration of 42 days each exp€riment was of, itr'
cludinS :

MATERIAI-S AND METHODS

- ambulatory period:7 days,
- antiorthostatic bedrcst at 6 head down : 30 dalE,
- recovery period : 5 da,s.

l. - Orthosratic tolerance (table 2 and (figures I and 2)

- Wlen the subjects were in the control groups (i.e. absence o[
countermeasure) : (l) during pre-bedrest there were no signi,
ficant variations in blood pressu.e at the end of rhe tilt iest
with respect to the supine position; the heart rate was
slightly increased ; (2) during poslbedrest a significant drop
in slstolic and diastolic blood pressures along with a very
sh.rp incrcase in heart rate which led, in 3 of the j subjects
to a true syncope with loss ofconsciousness and, in on. sub-
ject, to a presyncopal state (sweating, paleness, thirst).

- Wien the subjects werc subjected to periodic L.B.N.P.: (l)
there were no si8nilicant variations in the systolic or diastolic
blood prcssures at the end ofthc lilt test compared to the su-
pine position whethcr
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Th. subjects : 5 haalty volunt.c.s took part io this study : in tbe
lirst pan of the crperimeDt (Nov.mbcr-December l9t7) 3 sub-
jccts (4, B, C) wcr. submitted to p€riodical scssions of L.B.N.P.
ard tbe 2 others (D, E) served as contaols.

ln lgEE (September-October) thc 3 subjects (A, B, C) having
undergooe L.B.N.P. itr 19t7, made up the control Sroup : the
l9t7 control Sroup (D, E) became, in l9EE, the L.B.N.P. group.

L.B.N.P. procedures : thlee 20 minutas sessions pcr day -35 mb
for the first thrcc wc€kE of thc antiorthostatic badrrst we.e
followed by 4 scssions a day for the fi6t 4 days ofthc last we.k,
culmioating in 6 daily sessioDs over the last 3 days. Thc subjects
were monito.ed throughout these L.B.N.P. sessions : continuous
electaocardiogram, s],stolic, diastolic and meeo anerial
Pressurcs cach miDutc.

Durin8 les L.B.N.P. sessions, the soles subjects'feet ncre
agaiast a foot-rest.

Orthostatic erploratiol : 2 orthostatic investigarions using the
tilt-test were perfo.med, thc soles of the subjects' fe€t against a
foot-rest ; (l) thc first, on day-5 (i.e. 5 days beforc tbe beginning
of the bedrcst durinS the ambulatory period); (2) thc second
immediately afte. the end of the bcdrest ; each of these two tilr
tests vas performcd at the same time during the day.

Tilt-test protocol consisted in tilting the subject to + 60" in
2 seconds aftcr 30 minltes in a horizontal position. The +60'
position was maintained fo! 60 minutes or uDtil a pr€syncopal
state or syncopc ensued. Durin8 the tests, the subjcct's heart
rate was monitored and electaocardiogram takcn continuously,
and systolic, diastolic and mean arterial blood prcssures mo-
nitorcd semi continuously (each minute).

Blood samples were taken before the tilt test (5 rninutes bcfore to
tilt the subjects) ard when subject were in +60'Head up
position (3 minute after tiltinS) to measure Plasma Renin Acti-
vity, vasopressine and catecholamines.

Plasma volume was not measured by classical techniques
(Evar's blue, radio-isotipic method) for ethical rcasons; an
indax of plasma volume va! however obtained by considering
the hematocrit values and the weiSht ofeach subject (12)

The rcsults are summ&ized in table 2, arld in figures I and 2.
Theyshov that :



bcfora or allcr b.drcst ; (2) a siSnifica[t incrcasc was

obscrved i8 the hcart rate at thc and of the post'bedrest tilt
tcst comparad to thc valua obtained durinS thc ambulatory
period. It is inteacstinS to notc that this increas. was lcss

mark€d than that obscaved ',vhcn thc subjects had not brcn
subjcctcd to thc cou[t.rmcasur..

2. - Plasma volurnc

Thc variatioDs observad in thc Plasrna volumc indcx show
dillerenccs accordint to whethcr th. subjects w.tr L.B.N P. or
controls ; for thc a$bulatory Pcriod oo varistlon was sccn in tha

index rvh.n the subj.cts rrcrc pl8c.d undcr L,B.N.P. ; in control
subjccts hovcver, a significaflt dccrclsa was saan irl lha indar
from thc first wcck of bcdrcst up to thc end ofthc bcdrcst Pcriod.

3. - Vasoprcssit., Plasma Renin Activityand Catccho-lamin.s

The vanation of these paEm.Icrs, durilg thc tilt tcsts ca.!i.d
out before and aftcr bedrest, showed a tcndancy towards a

greatar increase during tilt tests garform€d at thc end of bedresl
in both groups. Considerilt the small nurnber of samplcs and
thc larSc individual variatiotrs the rcsults cannot b. considered as

significant but thc gen.Bl trend remaiN.

4.- Finally, no sidc-effccts, such as vadcosc vcins appea.in8 in
thc lowcr half of the body, werr obs. ed, Morcov.r, signs of
orthostatic intoleranca rrcrc notad durinS any of thc various

L.B.N.P, sessions.

It is argucd that the rclativa i[crcasc in thc ccnrsl blood voluma
should 8ivc dse to an attcnuation of th. activity ofthc baro.cflcx
arc (2). R.ccnt studics (13) havc sho*n modificetions ofthis ac-
tivity in ma, durinS postural chanScs (orthostatism, entiortho-
statism).

Baro.eception rcspo[sivcness is s first phas. probably hciSh-
tened by th. new rcdistribution of body fluids to the thoraco-
cephalic redons. Whcn thc astronauts rEtum to aarth, thc ba-
roreccptor rcsponsivncss can ba attcnuat.d, contributin8 to the
orthostatic idtolcranca obsrrvcd aftar spaccfliShts, Barcraflax
function ne.ds to ba cvaluated undea coDditions of ptolongcd
vciShtlcssness or simulatcd weiShtlessness (13).

Finally, about t5 % of the venous volumc of tha la8 is storcd in
the daep vein actwork, they are muscla vcins {rith a poorly
inncrvatcd wall. It appears that thc skclctal musculatuaE of thc
lowcr limbs plays an important part in the phcnomcnon of
compliance and thus in capacitance. However, muscular
atrophy occurs duri[g space flights and simulations : Thorton et
al (16, 17) sugSest that dccrcased muscl. tonc contribulcs lo an
iocr.ased degrec of blood poolin8 aft.. bcd.tst or spaccflight i
so, tha drop in musclc tonc could partly.xplain thc incaaase in
compliancc.

In normotensive (15) subj.cts in h.ad-dox,n position, a decrras.
in ve[ous tonc was obscded, similar lindinSs wcat tEpoatad
durin8 hypcrvolernia induced by hcad-out water imrnc6ion by
Echt and Gauer (7). Changes in vcnous capacity cen explaid thc
modilications in vcnous tonc : these modilications oftonc could
be relat.d to i

- chant.s in hydrostatic forccs,
- decrc.scd activity ofsmooth muicla cclls,
- possibilityofan actio[ ofhumoral factors on vcnous tone

But, findings observed in hyp€rt.nsiv. subjccts in hcad-down tilt
arc in favour of chanS.s in th. viscoalastic propcrtics of vanous
walls which are respoosible for thc passivc behaviour of veins.

In fact, the combincd data, althouth iocomplct. and inconclu-
siv., sugSest that onhostatic intolcrancc after bcdrest and
.elated conditions is a multifactorial disordcr. Changes in
effectiv. ve[ous compliancc and perhaps also subll. auto[omic
dlEfunction appear to amp[.ry thc cffecB ofa modcrate absolute
hypovolemia.

Thc rcsults obtain.d durinS thesc two experiments support tha
Iargc, but often underestimated, role ofthe low-pressure venous
s)stem of the low.r limbs in the oriSin of post-spacc-flight ard
poslbcdrcst oathostatic intolerancc since both Sroups presentcd
the samc muscular atrophy.

Futurc basic rcsearch must considcr: (a) thc possible links
bctwecn thc distribution of blood throuSh thc vcins, orthostatic
intolerancc and the functioning of skeletal muscle; (b) a d.-
taillcd study of thc distensibility snd compliancc of thc venous
tcnitory ofthc low.r limbs ; (c) thc role ofthe capillaries and thc
trans-mcmbrarlc cxchanScs o{ tha vanous territory ; (d) the role
of the vcSctative nervous s)stcm in vein distcndability ; (c) thc
ncurochemical mechanisms involvcd.

Futura applied rescarch should consist of new cxperimeflts orl
the Sround to defile the usc of L.B.N.P. in prophylaxis and, in
particular, to investiSatc the actual prcssures and durations to be
used so as to int.rfcre as little as possible with the work activitics

of thc future clevs. Mor.ov.r, it 'rould be aPt to immediatcly
stad studying thc.mci.[cy of L.B.N.P. as a countcrmcasur. on
a largc number of astronauts durinS shon_tarm mlssions of tha
STS typc missions.

Finally, on a technical l.vel, consid.rinS us. in thc futurc orbitd
infiastruclures with limitcd livint spac. si"ailabl., L.B.N.P.
deviccs should bc d.si8n€d for maximum ergonomy ald, of
couEe, midmum bulk. Thc idca of developinS a dcptlssuris.d
slecpinS ba8 typ. of syst.m would savc a considerablc amount of
time as L.B.N.P. scssiots could bc cooduct.d rvtila thc
astronaut is aslccp; horf,clt!, a 'rida rangc of physiological

studies will have to bc conductcd and validated bcforeheld.

Thc prcliminary results (l) conceminS the pr?v.ntion of post'
bedrest orthostatic intolealcc waaa confirmcd; rcpcatcd ap_

plication of L.B.N.P. pr€vented th. drop h blood pressure ob-

seocd after 30 days bedrest in an antiorthostatic Position.

Several mechanisms are involved in the physiopathogeny of th.
orthostatic intolerance obscrved durinS cardio'vascular decon_

ditioning syndrome : dccr.ase of thc plasma volumc' rcl€ ofthc
barorellix arc. role of the low pressure venous s)stem ol the

lower limbs.

The rcdistribution of thc body fluids towa.ds thc thoracoce-
phalic ragion is intcrprct.d by thc Central Nerr/ous Systcm as a-

itate of rclative hDcrvolcmia atrd stimulatcs a c.rtair numbcr of
Dressura and voluma racaptots; 8 numbct of hormona.l
paramctcrt are cons.quently modifiad in the aim of reachinS a

ncw balancc point \vith a decraasc of the cantral blood volumc
(E). Th. short tcrln (< 24 h) modifications are :

- a hypothetical dccr.asc in thc synth.sis .rd sccretion of anti'
diuretic hormonr causiDg a risc in diurcsis (E) i this rcflcr
path, which stans at th. dtht aulicle, has nevet beefl Provcn
to.xist in man durinS space fli8hts,

- a drop ofsynpathctic totruswith a dccrcase ofthc plasma rcnin
actlvity 8Dd of aldostcrode scc.rtion bringing ebout sodium
lcaka8. (10),

- finally atr lncrcasc in the s),nthesis and sec.etion ofthe atrial na-
triurctic fsctor(9).

lD the lonSer tcrm, durint tb. first days of bcd.rrsr thcrc is a
fluid loss from intcrstitial fluid and plasme volumc r.sultinS from
an increasc in diurcsis and a drclinc in fluid intak.. Th. rcsult is
a dccrcas. iD ccutral vctrous prcssurc (1, 3, 6), aDd the
subscqucnt stimulatloo of thc rcnin aldostcrona sFtam, Such a
decrcarc lras found by Ki6ch (14) during thc Spacclab-l
Mission. Thc ranin-Bldostcronc qrstcm is also scnsitirrto sodium
and potassium balstlcc. Now it is well known that during thc first
day of hwogravic studics thcrc is a sodium and potass-ium loss
rrhich can stimulatc the rcnin aldosteronc systcm, So thc
observcd long-telm rrsponscs arc probably linkcd mainty to
sodium loss and mediatcd bythe automatic nervous srstem (bcta
adrencrgic stimulation) ard also to kaliemia disturbances.

DISCUSSION
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l.- ATKOV O., BEDNENKO V., FOMINA G. - Ultrasound
t.chniquc in spacc mcdicine. Aviat. Space and Environ.
Mcd.. 19t7, 5t.9,69-73.

This is why we eim to produce a prototyp. ofthis slccpint bat.
Thc system will comprisc an airtight cloth hdd in place by rinSs
around thc astronaut's lcts ard a llcxiblc airthitht s.al attach.d
to thc uppe. part at waist level. The paddcd rings x,ill bc infla-
tablc, so this system has thc advantage of tatint up littl. spac.
whcn folded away, comparcd to othcr, bulkicr, types of
structuta.

lD conclusio!, thc b.D.ficial offcct of L.B.N.P., as e prophy-
lactic, has bcea paovcn. The two experimcnts rcported opcn new
pcrspactivcs into thc conccpt on in-fli8ht cardiovascular pao-
phliaxis suggcsting further rcscarch on fundamental, appticd
and tcchnologica.l lcvcls.
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for e€ch subject by the direct nethod (E05 Sprint
Jseger) during s cyclo-ergometer exelcise test
called codification test. Then, in view of
studying the effects of bedrest wiLh and without
LBNP on physicsl fitness, 2 other tests were
pelfolned at l.l. a.ln'' the first 1 day befo.e the
bed.est period (D-1) and the second J deys after
the bed.est peliod (R+l). During these two tests,
the folLolring psrsmetels, oxygen Llpteke (V02) (by
the direct method), hea.t rste, blood lgctates
and hemog.Lobin concentaationgr reae detelmined at
.est snd ofter I0 minutes cycling at 60 % yoz
max., 2 min. cycling st 70' 80 end then 90 S V02
msx. and finally durinq a .ecovery period afte! J
minutes cycung Bt ,0 % V02 msx. These diffeDent
levels of work Ioad were determined from the
results of the codificotion test perfolmed on day

-6. }le insist on the fact that the two exelciceg
weae submaximal and thst for esch test, the same
ahsolute intensities were used.
BLood sarnples for Iactates 6nd hemoglobin reFe
obteined from I small cathete. pleced in a
foaeorm vein.
- StsListi.caI' procedules ! Sincer after a l-yesr
j.ntervol, the physj.csl fitness of the Eubiects
had inevitably changed, we conpEred the results
obtained duDing the tvio bedrest studies for the 5
subjects before bedrest, i.e l0 results before
bed.est (group l) to the results obtsined sfter
bedDesl without LBNP (5 results : group 2) and to
lhe results obteined after bedrest with LBNP (5
results ! group )). }{e afso compated group 2 6nd
group J. The results are expressed es oeans +/-
SE. Valiance analysis was used to evaluate the
siqnificance of differences. lie used the
Student's T test on the diffelences.

RESULTS

- 0xvqen uptake (V02) (Fig.1)
V[12 rss not different after the bedrest period
from the oxygen uptake before' either with or
without LBNP excepl duDing the recovery period
after the test vrhele V02 was significsntLy higher
without LBNP 6fter bedrest than before (p <

0.05). v02 was not different afte. the bedlest
period bet{een groups 2 and l.
- Healt rate (Fiq.l) :
The heart rate }las significantly higher after the
bedrest period thsn before, st all the levels of
exerciee, both without LBNP (p < 0.0r) 8nd with
LBNP (p < 0.0I) . But ' 

agsin the.e rlas no
diffelence after bedrest between group 2 and
group ,.
- Blood lactates (fig.2)
Ihe Lactate ptoduction was incEessed after the
bedrest period. tlith LBNP, the difference was not
significant v.hile l{ithout LBNP, the difference
was significent (p < 0.05) foD 80 5 V02 max' and
dLaiog the lecovery period st l0% V02 lnsx. Thele
tlere no differences after bedrest between groups
2 and ,.
- Hemoqlobin coocentration (Fig.2)
At !est, there nas a significant decreoae in
hemoglobin concentration (p < 0.05) after bedrest
in both gDoups. Du!inq exercise, the hemoglobin
concentration wss not diffelent aftea bedrest
from the hemoglobin concentration before. During
the recovery period ofter the testr the
hemoglobin concentlstion was eignificantly lower
ofter bedrest th6n before in the qDoup subiected
to LBNP (p <0.0r). There re.e no differences
after bedrest betv.een grouPs 2 and J.
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It is novr a well-docunented f6ct th6t long
durstion exposure to actuel end/or simuleted
{eightlessness leads to a declease in physicsl
fitness (1,8). Jhis is usually ossessed in teEns
of the decrease in naximsl oxygen uptake (4,6).
Exercise during spaceflight has been suqgested ss
a counte.ineasu.e (10), The aj.m of this pape!, is
to study the effect of another coun terrrressuae ,
IoweD body negative pressure (LBNP) on the
physical fitness of men subjected to
e,ei.qhtlessnees simulated by l0 doys of snti-
orthostatic bedrest.

HA]ERIAL AND I.{ETHOD

Two bedreat studies vrere performed l{ith the ssoe
subjecte, the fi.rst in November-December 1987 and
the second in Septembe.-october 1988.
After 6 7-d6y ambuLdtory period, subjects vrere
subhitted to l0 days of anti-orthoststic bedtest
at -60 he6d-dolrn. This wss follo{ed by a 5-day
recovery peaiod.
- Sub.iects : 5 healthy ma]e volunteels took part
in this expe.iment, with the NstionaL Ethica
Comittee'a ogreement. They served alteDnately 6s
controls and then were subjected to LBNP sessionB
or vice versa. Subjectsr chaascteristica aDe given
in table L.

Iable I : Descfiptive ststistics for subjects

SUBJEC TS

:AGt

yr

HT IGHT
! v02 : V02

WEIGHT: HAX. r AX.
: -I: -1 -l

kg :1.min..mI.min. kg.
------!-----!-----------

311.0. 1.80
C0NTRoL :+,/- ! +,/-

3 l.lr 6

7t.2 ).1 z 46

O.2 z ,

LBNP
:12.8 r .I80
t+/- t +/-
: 1.0: 6

1t.7
+/-
2.4

).4
+/-
0.2

47
+/-

4

Valuea ale meens +,/- 5E ; no significant
di.ffe.ences.
. LtsNP rocedures r three 20-minute sessions per
day qt - 15 mb for the first three weeks, followed
by 4 sessions a dsy for the fi.st I days of the
Isst week ond by 5 daily sessiong over the last 4
days.
- Physical fitness assessment
maximol oxygen uptske (V02 mex.)
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DI5CUSSION

First, we cen say from the results of the
codification teat th6t these subjects were not
athletes i so, they were not concerned by the
present contloversy about the greoter
sensitivity to cardiovascular deconditioning in
{elI-troined subjects ( 2,5 ).
Second, we found thst fo! the same absolute
intensity of exe.cise, the oxygen uptake of the
subjects vras not decressed after bedrest, This has
alresdy been shown : rrthe efficiency of oxygen
transport, tronsfer and utilization ln the muscle
tissue vrss not reduced in nen" (9). But, the
increase of heslt rate, ihich wsg negrer the
maximal heort tate, indicates that in fsct, sfter
bedlest, each lrork load represented a higher
pelcentsqe of V02 max., i.e a higher relative
intensity. This must be req6.ded as 6 dec.esse in
physical fitness. This statement is confirmed by
the increase in blood Isctate concent.ations sfter
bed.est.
This dec.e6se of physicsl fitness may be due
partly to one nonth of physical inactivity and
psrtly to the head-down position i.e si.mulEted
lleightlessness. It seems thst the physicol
inoctivity played the predominant ps.t fot t\,.o
reogons. First, we found no differeoce during
exercise after bedrest with and nithout LBNP,
Second, our reaults were in agreement with those
of sutho.s rho only studied the effects of
detrBininq on !esponses to subnaxinal exetcise
(1). However, it seems probsble that the head-dom
position slso played 6 part in the decre66e in
physical fitness since it sppes.s thst without
LBNP the Decove.y of the subjects followj.ng the
test wsa Iess efficient sfte! bedregt than before.
this difference did not appear with LBNP.
The last point we shall discuss is the hemoqlobin
concentrsti.on. At restr the dectesse observed
after bedrest h6s already been described and
attDibuted to a dininution of erythropoiesis
during bedrest (7). During exercise, the
hemoconcentIation was sppaoximstely the ssne

before and aFter bedrest in both groups. lloviever,
during the recovery period ofter the lest, the
return to b6s6l values seems feateD with LBNP,
may be due to o difference il| vole0]is between
groups 2 and l.
In conclusion, from the results obtained durinq
the recoveay peciod after exercise, we think thst
it is possibLe th6t LBNP has s fEvourable effect
on the decrease in physic6l fj.lness but thet this
influence is prob8bly mssked by the magnilude oF
the specj.lic effect of one morlth of insctivity.
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I4ATERIAL AND HETHOOS

Trro bedregt studies were performed vrith the ssme
subjects, the first in November-oecember 1987 and
the second i.n SeptembeD-october 1988.
After s 7-dsy ambulatoDy peliod, subjecta vre.e
submitted to l0 dayg of anti-o.thostatic bedlest
at -5o head-down. This lras foll.ored by a ,-dsy
recoveay period.
- Sub-iecta! 5 heElthy msle volunteers took psrt in
this experiment, with the National Ethics
Cormitters sgreement, Jhey were subjected to LBNP
sessione (LBNP subjectB) end then they seDved 6s
controls (control subjects) o! vice verss. Ihe
subjectsr charEcteristics are given in table I.

I8ble I ! Desc.iptive ststistic8 for subjects

- Csrdiovascular edaptation meesurements
To investi96te cordiovssculaa 6dapt6tj.on, we
measured caldigc output and hesrt r6te. The
cs!diac output wss estimsted by carbon dioxide
(C02) rebreathing (8) (Inflaled obsorption
anslyser Jseger) . For each measulement, the
tesult Nlas the aversge of 4 successive
messurements. The heart aate was continuously
mesured (Servomed SMS 182 HeIIiqe). Then, the
mean staoke voLune was col.culated by dividing
cerdiac output by heert rste.
These I porometers were deteHnined before
bedrest (Day -5) duriog bedrest (Days L, 7, 2\
and 28) and sfter bed.est at recove.y + 5.
Before and after bedrest, cardisc output was
messuled in the supine horizontal position.
Duaing the bedrest period, the measurementg
wele mode between 2.5 ond J.5 houDg sfter the
I6st LBNP session.
- Ststistical olocedulea I aesults ale
expressed es means +/- SE. Variance analysis
w6s used to ev6luate the significsnce of
differences. we used a one-facto! model for
compaDisons betHeen the tyro groups of people at
a given day ond a block method without
repetition (2-factor modeL) for testing the
evolution in each group. vle used the Student T

test upon differences.

RESULlS

- Cardiec output (Fig.t) :
In controls, there xos 6 decrease in csrdioc
output, ,hich w6s maximum on doy 2l (-19 lt).
Thsn cardiac output increased, but five dsys
ofter the subjects h6d got up, it re,naioed
lowea than the b6s6l value. However, these
,nodiFj,cstions were not statistically
significant. In LBtlP subjects, ne observed, on
the first day, a signi.ficant increese (p (
0.05) in c6.diac output (+29 %). Then, caldiac
output decleased, but duling the whole bedrest
pe.iod it remsined above the bosel value, but
not signi,ficently. Five dsye after the subjects
had got up, cardiac output vras the saoe as thst
observed before the bedlest peDiod.
tsefore the bedrest period, cardisc output was
identical in contlol and LBNP subjects. 0n dsy
.I, there nas s significant diffelence (p <

0.05) between the two groups, but for 611 the
following dsys, there rere no signifi,c6nt
differences.
- Hesrt rate (Fig. 1) :
The evolution of the hesrt rste during bedrest
l{88 quite einila! in control. and LBNP subjects,
rith 6 decrease in the first seven days
(significant io controls, p < 0.05), snd then
an incresse end a return to the b69el volue et
the end of bedrest period. Five dsys 6fter the
subjects h6d got up, the heolt rate was above
th6t observed befoEe bed.est snd the difference
w6s siqnificont in control subjects (p ( 0.01).
There wss no signi.ficant difference between the
tro gloupa for 6ny gi.ven dsy.

D. RIVIERE

A.GUELL

In the sim of suppressing or minimizing the
csrdio-vsscular diaadoptation obae!ved when
subjects return to norrnal gravity 6fter exposure
to yreight lessnesa, some counteameosuaes have been
6pplied during spaceflight6 (1,5). Anong these,
Iou/er body negative pressure (LBI,{P), which leads
to e distribution of blood volune simi16r to thst
obsetved in nolm€I 9r6vity, has been suggested
(l). In this popeD, we study the effects of dsj.ly
LBNP aessions on the cardiovascular gystem duting
weightleasness simuloted by ,0 days of anti-
orthostetic bedrest,

SUBJECTS 3 ACE
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no significant

- LBNP grocedures ! three 2o-minute sessions per
&y 6t -r5 mb fo. the filst three leeks, followed
by 4 seasions s day for the first J doys of the
Last week sod by 6 dsily sessions over the Loet 4
days.

- Stroke volume
ln both group8, the chsnges xhich occurred in
oe6o stroke voluDe uele quite similar to
changes in csrdiac output ; howevea, in
control6, at day 2l ond 6t recovery + ,, nean
stroke voll.me was significantly Loyl6! than the
bassl value (p ( 0.05 and p < 0.0I,
respectively). There was no significant
difference betneen the tro groups fo! 6ny gi.ven
day.

(Fis.2) :

Vsl.ues are meens +/- 5E
differences
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DISCUSSION

Faom our results, we can say that $,ithout LBNP
theae was s tendency fo! cardiac output to
declease nhile with LBNP cordi6c output was
increased or at Leost maintained.
Without LBNP, s si.milar evolution of cardiac
output during hesd-down bedrest or du.ing
weightlessness has slresdy been described in
previous papers (2,9). Exposure to actual ond/or
simulated vreightlessness csuses fluj.d shifts flom
.Loyrer to upper portions of the body. This triggers
a complex set of cardiovasculsr and systemic
ad6ptations which lesd msinly to nypovolemia (5).
This is responsable for the orthostotic
intolerance observed after returning to noDmaI
gr6vity, From our results, l.re can hypothesize
th6t LBNP sessions during bedrest, r{hich
peDiodically cause fluid shifts from upper to
loyrer portions of the body, could prevent oa
counteract some of these 6d6ptations. This
statement is in agreement vrith resulLs obtaj.ned
durinq 8-day bedrest (7) and 4-week bedrest (I0),
which showed a hiqheD blood volume and I bette.
o.thoststic tolersnce when LBNP was applied. This
Last re9u1t wss also observed by other 6uthots in
the p.esent expe!iment (4).
In oqr study of these subjects, the dirferences
observed in c6ldiac output changes between the tlro
gaorrps actuolly appear to be related to a
difference in volemia ; in f6ct, the.e lros no
difference in the evolution of heart tate of the
two groups of subjects snd consequently, the
cslculated mesn stroke vol@e showed the same
chooges 6s csrdioc output, This diFference in
volemie wss indirectly confirmed by the chsnges in
the subjects weighl (Fiq.2). lhe control subjects
lost mote weight th6n LBNP subjects.
In conclusion, althouqh the interpretation of our
results is lj.mi.ted by the smalL nunbe! of
subjects, diiferences seem to exist i.n the
cardiovasculsr adsptstion Lo one month he8d-down

o-3 0r ot o,l o2a i.l

Fig.2

bedrest, with and without LBNP. They sppea! to
be related to a difference in volemia changes
snd to be fsvourab.Le to LBNP subjects who hsd a
better orthostatic tolerance after returning to
normaL conditions.
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CARDIORESPIRATORY RESPONSES
TO MAXIMAL AND SUBMAXIMAL EXERCISE IN

SUPINE AND UPRIGHT POSMONS

R. L HUGHSON, H. )ANG, C. BORKHOFF
AND C. C, BUTLER

Department of Kinesiolos/,
University of Waterloo,

Waterloo, Canada

An immediate effect of space travei is the
removal ofthe normal head-to-foot gravitational force
on the cardiovascular system. The supine posture on
earth also removes the head-to-foot gravity vector and
affects the cardiovascular response to exercise (1,4).
The purpose of this study was to examin€ the
cardiorespiratory responses to maximal and
submaximal exercise in both the upright and supine
postures. Maximal exercise testing has been a
standard employed on eanh to charactedze the
function of the cardiorespiratory slstem (2). However,
these are not always reliable for repeated testing of
fitness (14). Submaximal testing has been observed to
be sensitive to acute alteratioos in function wirh beta-
blockade (8) or hypoxia (13). The most common
approach to submaximal testing has been with step
uansitions in work rate; but several repetitions are
needed to extract the signal from the noise (12). A
new approach to submaximal t€sting is with the
pseudorandom binary sequence (PRBS) (11,15).
Within a single test of 30 min or less duration several
repetitions of identical sequences can be completed
and the signal can be extracted from the noise,

Methods:
Nine healthy male volunteers (age = 22f1, mezr.
tS.E) were tested in three exercise protocols on an
electrically braked qcle ergometer in both upright
and supine positions: (i) incremental exercise with 4
miII at 25W, then work rate (WR) increased as a
ramp at zow/min until exhaustion; (ii) following a 4
min baseline period at 25W, WR increased as a step
futrction to 105 W for 6 min,6 repetitions were madei
(iii) a PRBS test with each sequence having 63 units,
each of 5 s duration, for a total period of 315s with
WR set at either 25 or 105W by a subroutine of the
breath-by-breath program. A total of 6 identical
sequences were performed as a continuous test; the
first was treated as warm up and the remaining 5 were
analyzed,

Oxygen uptake (VO,), ventilation and heart rate
(HR) were determined breath-by-breath with a
computer program (First Breath Inc. St.Agatha,
Ontario, Canada) as described previously (10). In
both step and PRBS tests, each trreath's value for VO,

was lioearly interpolated to the next to obrain time
series data at 1s intervals. Step data from 6
repetitions and PRBS dala were ensemble averaged to
yield a single data set. Step data were fit by a two
component exponentia.l model (10) to estimate the
time taker to achieve 637o of the final respo$e; this
was called the total Iag tine (TLQ (16). PRBS test
data were subiected to autocorrelation of the WR and
cross-co.relation of 9o, and wR (15). These data
were frt by a model adapted from the step test to
account for the shape of the autocorrelation function
(9) to yield a TLT estimate. Comparisons between
TLT estimates were by repeated measures analysis of
variance. Simple upright vs. supine comparisons were
by paired t-tests.

Results:
Each of maximal WR, VO, and HR were

reduced in the supine compared to the upriSht Posture
(317117 vs 278t16W; 36761201 vs 3295t194
nl. min-';19812 vs 18513 beats. min-', p<0.01). The
TLT was greater during step traDsitions in supine
(42.0t3.1s) than upright exercise (31.71 1.3s, p<0.05).
Oxygen deficit was greater (531t120 vs 403t56 ml O,;
p<0.05). Estimatei of TLT from PRBS testing atso
showed slower responses in supine than upright
positions (40.112.7 !s 32.0r.1.2 s, p<0.05). The TLT
estimates from step and PRBS tests were highly
correlated (r = 0.99).

Discussioni
Acute changes in posture from upright to supine

positions resulted in impairment of the
cardiorespiratory responses to both maximal and
submaximal exercise. The new findings of the present
study were the ability of the PRBS exercise test to
detect this impairment and also the high correlation
between kinetics determined by sutrrnaximal step and
PRBS exercise tests.

Previously several investigators had provided
evidence of slower adaptation of VO, following step
increases io work rate in the supine position (3,4).
The findings of this study confirm these results. The
3070 longer estimate of TLT in supine than in upright
exercise uanslated into a 128 nl greater orygen
deficit. Because the energ/ to perform work during
this deficit period did not come from atmospheric O,,
it had to come from some or all of O, stores, high
energr phosphocreatine sto.es or anaerobic glycolysis
with lactate production (5,8). When the lactate
production rate is increased, it can result in metabolic
acidosis and is potentially an inefficient use of
intramuscular Slycogel stores. The implication for
repeated bouts of work in a space environment might
be a more rapid onset of fatigue.

The PRBS exercise tests have the advantage
shown by the prese.nt study to be able to extract
information about VOr kinetics from a single test
sessioq as opposed to the 6 or more repeats often
used for the step test (10,12). \&e have reported only
time domain analysis, although frequencl domain
analysis can also be performed (11,15). Because the
€stimate of TLT obtained by PRBS testing was slowed
in the supine posture by the same amount as it was
during step changes in work rate, it can be assumed
that the orygen deficit was also greater. The same
mechanisms described above can be assumed to
operate to supply energ to account for the deficit.

s-18



Maxirnal exercise testing has been widely used to
assess cardiorespiratory function. Clearly in the
present study, maximal performange was impaired by
the supine posture. Although VO, max is ofien
reported to have a high test-letest reproducibility, it
should be noted that when 3 tests were obtained ove!
a one month period, the second test results were
lower than the fi$t and third (1a). This suggested
tbat the subjects might have beer hesitant to provide
maximal efforts on all occasions. Therefore, we would
not reco Dend maximal testing on a repeated basis
to follow changes in fitness with space travcl.

The major mechanism responsible for impaired
cardiorespiratory furction in the supine posture
appears to be the loss of hydrostatic contribution to
arterial perfusion pressure. Recently, Eiken (6) has
shown that application of negative pressure to the
lower body during supine exercise restored leg blood
flow and improved exercise performance to near
upright levels. In the O-g environment, a similar loss
of driving pressure can be expected. This might be
confounded by the leduction in blood volume
normally associated with prolonged O-g exposure (7).

In summary, the PRBS exercis€ test provides a

sensitive method to quickly detect altered
cardiorespiratory function that occurs with loss of the
normal bead"to-foot gravity vector. Because this is a
submaximal test, it can be applied repeatedly with
minimal impositiou to the subjects and it is not
inlluenced by the effort of the subject. It is possible
to conceive of a scheme to monitor fitness and
prescribe exercise training based on these test results.
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BAROREFLEX RESPONSES AND
LBNP TOLERANCE FOLLOWING

EXERCISE TRAINING

V.A. Convenino, C.A.Thompson, D.L. Eckbelg, J.M. Fritsch,
G.W. Mack, and E.R. Nadel

INTRODUCTION

About 15 ycars ago, Stegemann et al. [5] and Luft et al. [3]
made independent repons of lower orthostatic tolerance in ath-
letes trained for cnduance events compared to sedentary sub-
jec$. The results from these studies and a rcview wrinen by
Klein and co-workers [2] raised concem about thc issue of
whether astsonauts and high-performance aircmft pilots could
comFomise the function of thcir blood prcssuc conuol by
engaging in regular exercise which enharces aercbic capaciry,
During the next 12 yea$, some investigators have suggested
that lower responsivencss of high- or low-pressue barorc-
flexes, greater limb compliance, and greater vagal tone
reponed in endurarce-trained athletes may contributc to the
reduced effectiveness of their blood pressure control system

[]. However, othcr investigarors have failed to find evidence
to suppon this h)?othesis ul. Most of these studies have been
cross-sectional comparisons of athletes and sedentary subjects,
and wcre designed ro examine only one or two mcchanisms of
the blood Fessure control systcm. It was our purposc, lhere-
fore, to conduct a longitudinal excrcise training study in which
tolerance to orthostasis and several pdmary mechanisms asso-
ciated with blood prcssure control could be measured before
and aftcr the increase in aerobic capaciry.

METHODS

Twenty-four hcalthy nonsrnoking normotensive men, with a
mean (tSE) age of 36 t I yeaIs, a mean height of 177 i I cm,
and a mear weight of 80.5 I 3.0 Kg, gave wdnen informed
consent to panicipate in this study, which was apprcved by fie
Kennedy Space Center Human Research Review Board. All
subjects were rclatively inacdve at the dme of the study as
indicated by a mean maximal oxygen uptake (Vo2max) of
40.8 t 0.9 mv(kg.min) ard never had padcipated in ary
formal enduance Eaining program. Following selection, sub-
jects were randonly assigned to either an exercise group (N =
16) or a control grcup (N = 8)i the goups were matchcd for
age, height, weight and Vo2max.

Pdor to initiation of the experimental protocol, all subjects
underwent a 2-week oricntation pcriod in which they were
familiarized with test protocols and sequences. Tests werc con-
ducEd at the samc dme of day and ill thc same sequencc ple-
and post-training. All subjects stated that they abstained from
autonomic stimulanr such as tobacco and caffeine and did not
exercise for 24 hours pdor to each tesdng p€iod.

Following pre-training tcsting, control subjects wcrc asked to
maintain normal activities and rcftain from panicipation in
fomal exacise programs for 10 weeks. The exercise subjecm,
howcvcr, undcrwent a lO-wcek endurance exercise raining
progmm consisting of cyclc ergometry in the upright posture

for 30 mins/day, four days/week at a work intensity of approx-
imately 70-80% VO2max. Hean ntes (HR) and blood prcs-
surcs (BP) were taken every l0 mins of each tlaining period to
assure attainment of the targeted work intensity. Every second
week of training, tie same absolute workrate was performed
for 10 min a.nd VOz, as well as HR and BP, were measured as
indices of tlaining effects. Training workloads were then
adjusted to maintain a work intensity of'10-8o7o for subse-
quent training sessions.

he- ard post-training measulements included VOzmax, blood
volume, the stimulus-response relation of the carotid-cardiac
and cardiopulrnonary baroreflexes, calf compliance, hemody-
namic responses to lower body ncgative prcssure (LBM), and
LBNP tolerance. VOzmax was rneasurcd using a graded
worlxate plotocol on a Quinton elecEonically-baked cycle
ergometer. The protocol allowed for the determination of
Vozmax by demonstrating no change in VO: despite an
inqease in workate. Plasma volume was Ineasured by an
Evans blue dye technique and blood volume was calculated
from plasma volume and hemabclit. Thc response relation of
the camtid-cardiac baroreceptor was detemined with the
Eckberg techdque using a complex sequence of rapid pressure
changes delivered to the carctid area by a neck chamber
deyice and measuing beat-to-beat R-R inrerval changes. The
stimulus-response relation for reflex conEol of vascular rcsis-
tance was measurcd by selective unloading of cardiopulmo-
nary baroreceptors using LBNP levels of -5 to -20 mmHg.
The slope of the linear relationship between peripheral venous
plessule (PVP) ard folearm vascular resistance (FVR) was
used to characterize the gair of the baroreflex control of FVR.

The protocol to determine LBNP tolerance b€gan lyith a s-min
rcsting period followed by a 3-min exposure to -20 mmHg and
then continuous decompression of lGmmHg inqements each
3 min until test termination. LBNP tolemnce was determined
by any one or combination of the following criteria: (a) com-
pletion of 3 min at -100 mmHg; (b) onser of presyncopal
symptoms such as a precipitous fall in systolic blood pressure
(SBP) greater than 15 mmHg and/o! a sudden bradycardia
greater than l5 bpm between adjacent l-min measurements;
(c) progrrssive diminution in SBP below 80 mmHg; and (d)
voluntary subject terminadon due to discomfon such as nausea
or dizziness. Stroke volume (Sv, impedance plethysmogra-
phy), HR, anerial BP (sphygmomanometry), and leg circum-
ference (strain gauge plethysmography) were measured during
tie LBNP tolerance test.

RESULTS

VOzrax increased by 20% (P < 0.05) from 2.97 t .11 to 3.55
I .11 Umin, resting HR decreased (P < 0.05) from 63 t 3 to
57 t 2 bpm, smndard deviarion of the R-R intervals was
inoeased (P < 0.05) from 59.4 t 8.2 to 74.0 t 8.2 msec, and
blood volumc increased (P < 0.05) from 63.61 2.1 to 69.3 t
2.8 ml/kg in the excrcise goup after l0 weeks of endurance
mining. Vo2max, blood volume , rEsting HR, and R-R inter-
val standard deviation werc unaltered over the l0-week period
of normal acivity for the conrol $oup.

The responsc relation of the carotid-cardiac barorcflex shifred
significandy on the R-R interval axis, but did not shift on the
pressurc axis in thc cxercise subjects (Fig. l). Therc were no
changes in maximum slope, carotid distending prcssure (CDP)
at minimum R-R interval ard maximum R-R intewal, and
range of R-R intcrval response. Therc werc no changes in the
carodd-cardiac rcspons€ relation in the conEol subjects.

The gain of the baroreflex control of FVR was significantly
reduced in the exercise group from -5.72 t 0.71 to -4.15 t
0.51 PRU/mmHg (P < 0.05) in response to endumnce Eaining.
The mean (tSE) rcsponses of PVP/FVR stimulus-response
rclations before and after Eaining in thc cxercise group are
illusEated in Figurc 2. The changc in baroreflex gain follow-
ing exercise training was linearly related to the change in tota.l
blood volume (r = 0.65, P < 0.05), but not VOamax. Thc gain

s-,r0
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FlG. 1 : Mean carolid-cardiac baroreflex response relations ol erer-
cise subjects before and after training.
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significandy elevated in populations of averagc fir individuals
withour rcducing LBNP tolelance.

Our exercise training regimen caused a resting bradycardia,
which may have been m€diared by incrcased cardiac vagal
tonc as indicared by ilcreased HR variabiliry ar rcsl.
However, these changes had no effect on the catdiac vagal
leflex rcsponse as indicated by unalrercd gain (maximum
slope) and minimum to maximum R-R inrerval differencc of
the carotid-cardiac barcreflex relation. Finally, exercise train-
ing in this study resulred in attenuared gain of barorcflex
conEol of FVR. No change in these va.riables was observed
in the control subjecs, indicating that changes in autonomic
function observed in $is srudy werc the resuh of training per
se. Our results rrgarding ttiese auronomic rcsponses "#re r
exercisc training arc nearly idendcal the those reponcd by
Seals and Chase [4].

We are unaware of any previous data similar to ouls that dem-
onstrate a significant increase in LBNP tolerance with endu-
rdnce x-aining. Our rEsulrs may result from tIe specific mode
of exercise sincc reduced episodes of fainring are associated
witi training programs using cycling rarler rhan running Il].
Funher, increascd LBNP tolelarce is related to expanded
blood volume and lower limb compliancc [,3]. Therefore,
the 9% increase in blood volume and 20% reduction in calf
compliancc obssrved in our exercis€ subjects may represent
tic primary adaptations associared wirh rhe inqease in LBNP
tolelancc following our Eaining protocol.

Our results cannot cxcludc $e Dossibilitv thar endumnce exer-
cisc D?ining designed ro increise maxiinal oxygcn uprake to
aftletic levels, i.e., gearer than 60 mV(kg.min), may reduce
onhostatic responses. Wc have however identified an cxercise
training regimen which can increase aerobic capacity and
LBNP tolcrance wirhout compromising baroreflex mecha-
nisms associated witi blood pressure control. Operarionally,
our data suggest that astronaurs ard pilots with avelage
maximal oxygen uptakes can undenake rcgular exercise
which can increase their aerobic caDacilv to moderate levels
wirhout signilicant concern about ;edu;ng rheir onhostaric
tolelance.

14

FlG.2r Mean (iSE) stimulus-response relalions ol lhe cardiopulmo-
nary barorellex ol exercise subjecis before and alterkaining.

of this baroreflex in thc control goup at Fc-training C6.10 t
0.57) was unchanged after 10 wecks of normal activity C6.22
t 0.94).

Calf compliance was rEduced by 2070 (P < 0.05) in the exer-
cise Foup from 4.27 t 0.24 to 3.41 t 0.20 mVmmHg follow-
ing endumoce training. Calf compliance was unchanged from
prc-Eaining (4.41 t 0.39) to post-training (4.41 1 0.49) in the
contol subjec$.
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LBNP tolerance was significandy increased from 74'l ! 6l to
958 1 88 torr-min following l0 weeks of cxercise Eaining (P <
0.05). No change in LBNP tolerance was observed in the
conuol Foup and averaged E3E t 70 and 785 1 84 ton-min
before and after l0 weeks of normal activity, respecdvely.
Changes in calf circumference, tIR, SV, BP, cardiac output
and systemic resistalce at thc point of LBNP termination wclc
similar before and after training in both exercise and con&ol
groups. Howcver, HR ard SPR were lower ald SV, CO, and
BP were higher at subtolclance levels of LBNP afier training.

DISCUSSION

In this study, we re-examined the hypoth€sis that endurancc
exercisc trahing designcd to significardy increase aembic
capacity results in altcrations of blood prcssure control mecha-
nisms associated with reduced orthostatic tolerance. We spe-
cifica.lly selected a population of subjects whose age and
fitness rclate to thos€ of astronauts. Using our specific cxer-
cisc Eaining, our lesults provide evidence that Vozmax can be
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During vertrcal jmmerElon in thermoneutral
water, the ortho6ympatheuc acdvlty 18 lowered
als soon as the human subJect 1s immersed. A
reductlon 1n the urinary excretion of
noradrenaline (NA) i5 one of t}Ie Proofs of this
hypoactivlty, while adlenallne (A) excretio[ is
Ellghuy increaEed (1). Urinary excreuon of A
depends nosuy on the suprarenal medullary
secretion and 16 speclally in relatlon witi mental
stress - NA excretlon G related to the overflow
of the neuromediator at the heart and blood
vessels postganEllonic junctlons. so, during
immelsion, it can be inferred that sympathetic
efferences to the caldiova€cuIar System are
dimini5hed. In fact, total peripheral resGtances
are reduced by about 30t and the heart rate i5
slowed dorrrn (2),

Depending on the density of the batling
medlum, the human body can be immersed (1ow

denslty medium) or left floaHng on the surface
of the bath (h1gh hypertonic mediun). we have
compaled the orthosympathetrc acuvity level in
both condiuonc: floaung on a hypertonic
medlum versus head-out lrunersion, ir
thermoneutral tap-water.

Ten nornal subJects (19-21 years old), in
good physical conditlons, previously trained to
relaxatlon, to immersion and to floatlng, were
subnltted, in random order, two diJferent days
at 10-11 am to one of the followirlg procedures.

After a fir6t miction hrhose urlne wag
diEcarded, an equivalent volume of water was
irgested. The subiects were Ieft in a

near-horlzontal poslUon durirg one hour,
relaxed, head and chest supported (30o), ,\fter
tils control period, the urine was collected and
stored for further an3lys1s. Agair, an
equlvalent water volume was ingested. Then,
head-out tnmerslon or floatlng were performed.

In the flrst caee, the subrects were
introduced up to the neck lnto a tap-r,rater
bath, at 34.2 oc, and malntalned durlng 30 min
in ttle sar.e near-horlzontal position as in air
wlth the right arm po6itioned re6t at the
surface of the water for arterial blood pressure

and heart rate measurements.
h the second one, they were lald down

du!1ng a same time, on the surface of a
hypertonic aqueous soluuon of magneslum
sulphate (300 gr,/1) .

In both cases, at t}te end of the test,
urlnes were collected and stored.
Catecholamines were measured ln trlpucate by a
fluorinetric metfiod (3), Ihei! ellmlnauon has
been expressed ln relauon hiith creadrlne
excretlon taken as an lndex of the gLomerular
f[traaon rate. Heart rate and brachlal systemlc
preseure wele measured during all the
procedures by ngn lnvasive methods.

P.E S ULT S

Concernlng dlure6is, natrluresis and
creatinurla, no conslstent dlfference6 were
found between figures obtained during
near-horlzontal poEitlon ln ai.r and floating on
the hypertdnic solutlon. Moreover, there were
no changes ln the cardiovascular data. On the
contra.ry, during,Illmerslon, diuresis,
natriulesis and creatinuria were Btati6ucally
increased {re6pectively 169111t, 51!13? and
?7t5?). Systemic biood pressure wa6
slgnificanuy lncreaEed {1213 mnHg); heart rate
was slowed (-311 b/mh).

As can be seen in Pig.l, NA excregon was
slgniJicanUy reduced durlng immer8lon but not
durl.ng fload,ng. Ullnarl' excretlon of A
remained unchanged ln both procedures.

ORTHOSYMPATHETIC ACTIVITY DURING
HEAD-OUT WATER IMMERSION
AND DURING TLOATING

0r / 0 crcot
rE/m9

20

10

Urinar/ excretion of free noradrenaline
{NA) and adlenallne (A) durlng the 30
mln iInmer8ion {Imm,) and floating
(Float. ) perlods, compared to the
conEol one. Values in ordirate are
expleaEed in ng NA or A/mg creatlnine
excreted in the same period.
DlJference6 between ilnmerslon on one
s1de, floaflng or control on the other
side, are significant for NA (*). No
changes were found during floating
compared to control.

20 i,!I
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Durlng fl.oating as well as during
Lmmersion, a Sensation of relaxauon ha5 been
descrlbed by the subrects .

Impu.ro. Flootrm
FlN.wion,=ggvol

P (Poscol)= e sh

Fluid lcvcl

e.e'

extelnal compression produces the well-known
cenfal 6hift of fluld8, rdith a redl6tribuuon of
the blood volume lnto the tholaclc re6ervotg
(5). The repletion of the cardiac chambers
increases the ventricular filllng preasures,
settlng up a Eranl,-starLing mechanism,
systemlc blood pre6Eure incleases with a larger
sollcltatlon of t}le carotld baroreflexe6
conductjng to a decrease of the synpathetic
efferents to the ve5sels and to a reduction gf
the heart rate. Bradycaldia may also be
facilltated by the stretching of the dlffuge
veno-atrial receptors (5).

In concluslon, durlng immerslon,
orthosympathetXc control of t}le systemic
cilculauon is dimlnished, due to the action of
hydrostauc pressure, The cruclal modificauc[
acting as a sts:nulus is the inportance of the
blood vclume shiJt to t}le cardiac chambers.
when immersion ls avoided as dudng floating on
a hypertonic medlum, such a varlatlon ls absent
and sympathetlc activlty remains the same as in

1. Goodal, McC., Mccally, M. & Graveline,
D. E. ,1964, Am.J.Physiol., 205, 431-{36.

?. Arborelius, M,Jr., Ballidin, u.I.,
Lilja, B & Lundgren, c.E.G., 197:,
Aerosp.Med., 43, 592-598 '

5. cauer, o., f915, Acta A5tron., 2, 31-39

6. Biomqvist, c.G. & stone, H.L., L993,

Handbook of Physi.ologry, sect.2: circulation,
vo1 Iu, Part ?: 1025-1063. Am.Phvslol.soc',
BetleEda, Maryland.

1t

Piq.2,- schematic illustration comparing forces
(f) and hydroEtatic Pressures (P)
acting on the body masE during
inmerEion and during floatlng. h i1,2
and 3) are the distances between the
fluld free level and the P application
pointi on ttle bcdy dullng inmersion. P

applicauon polnts are reduced during
aoiting on a hlEertonlc mediun (i>f).
Eor explanations, see text.

I

I

s43

DISCUSSION

rn order to appreclate ttte orthosYmpatfietlc
activltt'1eve1 durlng the whole period of the
test, we have decided to measule the urirary
excretlon of catecholanlnes ratler than to do
punctual plasmadc determinatlons. In such a

way, we got a better approach of the mean

globat ort}osympathedc control during a long
tjme, tn prellnlnary aeeays conducted wlth
horlzontal or vertlcal head-out lmmersion, we
have estibllshed that NA excreEon was reduced
since the first 15 min from the start of
lnmersion for all that tiermal neutrality was

strlcfly ob6erved (4) and that the subject ha€
been accustomed to balneauon avoiding all
mental EtreEs.

3. A[ton, A.H. & SaYre, D.8., 1952,
J.Pharm.exp.Therap., 138, 350-375.

4. Jchn5on, D.G., Hayward, J's.,
Jacobe, T.P., col1i6, M.L., Eckerson,
J.D.& wil11am6, R.H., 1977,

J.Appl.Physiol., E, 2L6-220.

Sloaung dufers thus from immersion by the
absence of any modiJication in ttle
orthosympathetic conEol of cardlovascula!
system. In both situations (Fiq.?), the
hydrostatic pressure (P) is operating, but in
different ways. Due to t}le high density oi the
nedium, during floatjng, this preEsure 15 acting
only on a linlted area of the body. Contact with
the hypertonic nedlum iE restrlcted,
Archimedes'forces (F) beinq sufficient to
mairtain most of the body maEE sbove the free
level of ttte medium. Deep inmerslon 1s avoided.
on tjle contrarY, in the water bath, the bodY
is imnersed and the hydrostauc pressure

oper3tes on the whole body surface. This

The Physiologist, Vol. 33, No. I, Suppl., 1990
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CARDIOVASCULAR RESPONSES TO ]\,IODTRATI

EXERCISE DURINO WATER IMMERSION IN WOMAN

Deter sas filled up by l3t water until thc
axilla level of each subjecls. FollowinS one
hour sitting on the ergoEeter in the watcr,
a 320kp[/Din load pedalling was perforoed
for 20 Einutes. Ihrough the the experiDrnt,
heart rate (llR) nas counted dcpending on thc
El(0 rccords by coDputcr, arterial pressuie
(AP) was oeasured on the left upper arD
by oeans of autoDatic blood prcssure nctcr,
forearo blood flolv (FBF) was deasured on the
right arr by rubbcr strainguage pletysEogra-
phy oethod. Io deterDine oxygeu uptakc (V0.)
expired gas collected by oean of Douglus bag
Dethod and oZ of CO, and 0, were aoalyzed by
!ass-spectroIeter. Cardiac out put (C0) was
Eeasured by acetylene gas rebreathi ng techn-
ique. In the air expcriEent, follopinS l5Dinsitting rest on the saddle in the bath
without pater, the saoe load exercise was
ailso perforned for 20uin. in 27t rootr teD-perature, which should Dake about 33tf of
Ecan skin tcEperature during excrcise as de-
pendinS on the results 8iven in the pre-
experiDent. All of the oeasureEents were the
saDe as thesc in il experioent. Each of oca-
sureDents was carried out around every ten
Dinutes durinS one hour rest in lll, and fron
l0th nin. to l5th oin. during l5rin. rest in
air. DurinB excrcise in the both experiEents
IR, AP, and FBF nere Deasured every Einutes,
and C0 tras done at l0th oin. and 20th.
Expired 8as for V0' deterEination was colle-
ct€d for tiro trinuts period fro[ {th uin, 6th
oin, l,{th rin, and l6th Din durin8 exercisc.

ES", t t"
Following sharply increase for inicial 1

!inutes, llR responses durins exercise shift-
ed to gradually increasinS tendency in the
both conditions of experinents. Horever, llR
averaged in cach experinent ivas significanl-
ly lower at cvcry oeasured point except it
at the first uinute in ll than 1n air (P(0.
05 or <0.01). Y0' at 60th nin durins ll rcst
rvas siSnificantly lower than it at l5th oin
during rest in air (P(0.05). Y0' reached
,stcady statc during exercise was aboot 581
in fll of it in air (P<0.01). Systolic arter-
ial pressure (SAP) at 60th trin durinS {l
rest ras littlc bit hiSher but not siSnific-
ant as coEpared with it at l5th oin durinS
rest in air. During exercise, SAP ras not
differcnt bctEeen thc both experioents. Ratc
pressurc products( RPP=SAPxIR ) rrhich sugSests
the cardiac ivork siSnificantly loper durinS
exercisc in ll than in air (P<0.01).

c0

TORIKOSHI'-, K. YOTOZAllA'-,
FUKASE--,*, andY. SUZUXI -' '. '

flhen a Ioderatc upriSht exercise was perfo-
rDed for 20 !inrtes in the tiro conditions ofaxilla level water iEDersion (fl1) and air,
despite of the saIe nechanical sork loadl
oxy8sn uptake during cxcrcise rvas significa,ntly lower in thc {l than in air (p<0.01).
The lowered oxySen uptake du.in8 exrcisein the it,ater should be due to the reductionof pedalling .esistance while rotating water

accordinS to the pedalling Ioveocnt. Also,
keepinS posture and lifting legs $ei8ht
should Eakc to decrease recluitinS active
ouscle oass. Cardiovascular rcsponses tothe exercisc tvere siSnificsn y correspondedto oxySen uptakc and cxcrcise intensitvidcntificd as IV0,max exccpt systolic arte-rial pressucr. Under the wciShtlessness
sioulated by ryatcr ieeersion, the activatinS
Euscle oass should be dccreased in a Eoder-ate upriSht dynaoic cxercise. So that oxySenuptake in tll is decrcased. Cardiovascular
responses in Wl are at least decreascd like-ly to correspondcd to thc dccreascd oxyScnuptakc and thus to the looered cxercise
intensity.

*; Lab. of Physical Education, Bunka
Woman's Univ., 3-22-1, Yoyogi,Shibuya ku,
Tokyo, Japan 151, ++; Tokyo lYonan's Chris-
tian ttniv., +++; Turumi Univ., ++++: Rikkyo
St. MarSurite Woman's College, ++.*+; Lab.of
Health Adoninistration, taculty of Medicine,
Univ.of Tokyo,HonSo,Bunkyo-ku.Tokyo,Japanl 1J

As iEDersed in watcr (lrater i6[ertion:tl)
to level of diaphraSo or axilla, central
venous pressure and blood volu!e distribution
stiEulatc thesc in supine posturc, rhich is
alEost the satre as *eiShtlcssness situation.
Further cardiovascular rcsponses to conbinedstiuulaion of cxcrcise and weiShtlessncss.
In thc present study, using a bicycle ergo-

Detcr settled in water bath, cardiovascular
rcsponses to oodcrate dynaDic exercise inupriSht posture were coapared in tso
conditions of axilla lcvcl frl and air under
atDospheric pressurc to dynaaic exerciseunder weightlessness.

Subicc ts and Methods
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averaSed in all
subjccts.

tl0,0rrr.

Five nor|!ativc fcEale students of average
2l years old ( l9-25yrs.) participatcd as the
subjects whose averaSed body BeiIht and hig-ht *ere 55.21t7.'llks and 160.{( r9.4)cD,
rcspectivery. Ihc risks of the atudy were
descrived and inforDcd content ob tained.
Before the study the l!axiDuo oxySfn uptake
( Y0'uax) in each subjects ras cxaDined by
exahaustive trcadoill runninS of 6!in. to l2oin. and the avcra8e V0,lax of the subjectsras 12.0( t5.4)El /ks/oio.
In ll cxperiDent, thc bath settled an erSo-
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Fig.l shors the avcragcd tiDe courses of C0
and systeIic arterio-venous oxygen differen-
ce(A-V0' diff.). In the upper part of thc
figure, C0 during exercise in ll as about
l5l lower of it in air but not significant.
In the do$n part of the fisure, l-V0, diff.
Siven at 60th Din durinS fll rest was signif-
icantty lower than it at l5th nin during
rest in air. During cxercise, A-Y0t diff.
steped up in fll but steped down in air froD
the tevcl given at l0th Ein io Il than in
air (P(0.05) but not different at 20th $in.

Fig.{ shops the relationships between eork
intensity (tv0'oax) and RPP and HR tsing all
of individnal Dean values likely to these in
Fig.3. During excrcise HR and RPP were sign-
ificantly correlated to lv0'Dax (P<0,05).
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As sho*n in upper part of Fi8.2 avcraSed
stroke volure (SY) given 60th oin durinS II
rest eas about 25I hi Sher than i t at l5th
oin of rest in air, but there *as not signi-
ficantly different. DurinS exercise, SV was
aloost saDe at 10th Din betneen the ttlo
expcriacnts. Then, it incrcased at 20th oin
betreen the two conditions (P(0.05).
In do[n part of the figurc, fBF givcn at
60th oin durinS M rcst was about 451 higher
than it at lSth oin during rcst in air, but
period of cxercisc. thcre were sisnificantly
different betEeen the tro conditions of ll
and air. ilowcver, durinS later period of
exercisc, the siSnificance was not shopn.

I StP iEqr--!!--arl? |

120 Fis.l lhe
relationshrps
Y0 r and SAP
and also Y0 r
aod C0 dur i ng
res t and
exercise.

C 0 rE&t r!lr?7 1< q

Discussion

ln the preseflt study, $hen a Eoderate upri -
8ht pedalling exercise (55llI0,oax) was
perforIcd for 20 Dinutcs in axilla level fil
and in air in feoale students, despite of
the saoe eechanical nork lord ( l20kptr/oin)
Y0r durinS exercise sas siSnificantly lower
in ll than in air (P<0.01). HR, C0, and RPP
durinS exercise were also significantly low-
er in f,l than in air, Bhile SAP nas alEost
saDe in the two conditions. The rcason nhy
v0r during exrecise in fll ivas decrcased froo
the level Siven in air should be due to thc
reduction of pedallinS resistancc lvhilc
rotatinS tvatcr accordinS to the pedalling
!ovcoent. Also, keepinS exercise posture
and lifting leSs ivcight should Dakc to
decreasc rccluiting activc ousclc Dass.
Ihe decreascs in cardiovascular responses

exccpt SAP to excrcise in {l should be due
to the decrcase in Y0r and 1V0!!ax. so the.e
sere siSnificant correlations of HR, C0 and
RPP to Y0' and lY0roax respectively. That
is corresponding to work intensity should bc
dcpend on cardiac work and cardiac output.
Io the other hand, the rcason Fhy SAP duri -

ng cxercisc in fll was not lo*crcd in spitc
of the decrcase in not only V0' and,/or lYo'-
!ax but also C0 llR, and RPP cuold not cxpla-
in froo thc prescntcd rcsults in this study.
Probably, one of thc rcason is duc to thc

functions of E c c h a n o - r e c c p t o r s in c xcrc is i n8
Iusclcs and body parts. Thc another is that
ll to the diaphragl! level shood inducc
incrcases in ccntral blood voluDc and
ccntral venous pressure, c ven if durinS
cxercise, sugSestcd by the increasc in Sv as
co!pared with it in air in the prcsent study
and then the incrcases should consequently
!ake to increasc iotrathoracic blood voluoe
.xpantion likely to elevate SAP.
In coflclusion, because the activatinS ousc-

le !ass in a Doderate upright dynaoic
exercise in fll should be decreased, V0r is
decreased as co!oared rith it in air. Cardi-
ovascular rcsponses to cxercisc in ll are
therilfore dccreased likc that corrcsgonded
ajustedly to the dccrcased oxygen transport.

ll
m40 GO

y.w,a,

100

a

80

a

l/rln

Fi!.3 shors thc relationships betneen y0,
and durin8 exercisc. lllop oarks in thc
figur€ indicate the changinS situation fror
the values 8ivcn in Ill to thcsc in air.
DurinS cxcrcisc. Y0r xas correlated to C0
( P(0.05) but not to sAP.
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recovery constltuted a retentlon of water andsalts.
The oblectlve of our research lras to make a

quantltalive assessment of the balance of water,
sodlue and potassium during HDT and recovery, aod
to detertslne if lhere were any relatlonships to be
made wlth cardiovascular responses in s1oi1arly
tleated rals.

MATERIALS AND METIIODS
The gxpellneltal featgres arq suqrrjEgdi

Rat: Sprague-Dawley 170-190 gll hales
llDT 20' 7 days wBs
Recovery fron HDT 7 days
N-ltDT 7 days lrls

Measurenents taken dailv:
Body lreights, urine and fecal output,
evaporatlve sater (2/day). food and water
lntake.

RESULTS AND DISCUSSION
In control rats, the ingesled water (both

f ron dilnklng and f ood), and metabolic rrate ere
conslstently higher (20 to 252) lhan the water
excreled in urine and feces and lost froD evapora-
tlon. The Lntake tolal for 22 anftda16 ranged fron
32 to 40 D1/day and the total ua!e! loss rao8ed
from 22 !o 25 ml/day. In the HDT rats, negaEive
water balance ,a6 partlcularly severe durlng the
f1!st day; thls ls attrlbuted to a hlghly reduced
lntake, about t2 to 14 nl/day compared ,ith 20 to
22 nl/ d.ay output. Although durlng days tqro and
three there ls slgnlfican! i.ncrease ln rater lntake,
and there contlnued !o be a conslstent lncrease ln
urlne output throughout the seveD day perlod. Upon
renoval from the I^ES, in IIDT rats the urlne output
aod lotal wate! output fe11 drastlcally, fron 50 to
302, lte N-IIDT rats also lesponded with a marked
drop ln sater lntake during the first day of WBS

but they d1d not shol, the dluresls seen in the EDT

lats. We calculated that the rraEer retention dur-
Ln8 the flr:st day of recovery ls about l2Z of the
body water. Durlng recovery the gleatest change
occurred in lncreased drinktng $lth a decreaEed
urine output. Durl,ng the sevefl days of recovery
there 1s a progresslve lncrease h urlfle output and
on the slxth and seventh days of recovery the
anlnals ale conparable to oetabolic cage controls.
For the nost part the preforoed water and netabolic
water te&ain relatlvely urchanged in exPeriDental
and control subjects (except for the flrst day of
WBS). Thus, in future experlments concerned rlith
water balance both of these features Eay no! be
required.

sodlum intake was slgnlficantly reduced during
the flrst thEee days of EDT and urlnary and fecal
sodlun loss exceeded the sodlurn intake durlng days
two through three. Tt15 early net sodiuo 1oss,
particularly evlden! on the first day, was oarkedly
elevated during days five and six (2.6 to 2.8 mEq/
day). This lncreased sodiuD loss llas hlghly
evlden! whefl compared rrlth the control rats (1.8 to
2.2 nEq/day) and the N-HDT rats (2.2 to 2.5 mEq/
day). Thus, natrluresis ls a feature of HDT.

Durlng lhe f1!st day of recovery there iras a

oarked retentloo of sodlun doI.n to l'5 fron 2.7
mEq/day and, at the same tlne, lntake lemalned
high. rtle changes durlng the folloeio8 day6 of
recovery showed slSnlflcant adlustEents aod a
re-establlshnent of sodlu& balance'

The netabolic cage controls l,ere always 1n
balance. the N-HDT lJere 1n negative balance

Anlmal Roon:------I1ght roark
Tenperatute

12 :12 hr
23-24"C

s-16

INTRODUCTION

-nre 

n""a-a"." tllred (IIDT) rat ls wld€1y
accepted as an experiDeotal Bublect to sludy
physlologlcal and blochenlcal !esponses charac-
terlEtlc of !ho6e experlenced during exposure to
nicrogravity. CardLova6cular reaponses and body
fluid shifts, generally ueasured ln terms of blood
pressures and renal responses, respectively, are
better understood in man and In Duch 1es6 deta11
in the rat. Thls is understandable, slnce
tueasurements in nan are often routlnely Eade
duilng flight and post flight but only under post
f11ght condlllons 1n the ra!.

The HDT rat has been used to siDulate petho-
physlolosicaI changes and to predict events that
roiry occur during flight, To date, Euch inforDation
concelning cardlovascular changes and fluld aIld
electrolyte 6odification in aals coEes fron
several CoSMOS biosatellite experimelts. Ho\rever,
it oust be noted that the lnforrnation is obtalned
from rats durlng post fli-ght conditlo[s and no!
uuch inforEatlon 1s ye! avallable froo 1n-f1lght
animals,

lhe current presentatloII deals lrith t!,o
experimental areas of interest: cardiac responses
to a week of ehole body suspenslon (wBS) r'llh about
a 20o tlDT and post tlltlng recovery, and f1uld and
electrolyte balance studles durlng one week of HDT

and one reek of recovery. In both caradLovascular ,
and f1u1d and electrolyte experiDents, horlzontally
posl!iofled noo-head-down t11ted (N-tlDT) rats were
used for coDparison. In bolh ltDT and N-HIT the I,IBS

systen 1s used and the hlnd 1lmbs are unloadedi
thls is a comon aIld lJldely used approach to
skeletal ouscle studles ln earth slde laboratorles.

SoDe years ago we showed that the HDT rat, for
periods of olre reek, responded wlth diuresls,
natrluresis and kalluresls (I); ln addltion, we
also reporled that renal dlstributlon of electro-
Iytes aod urea was heavily concefitrated in the
renal papllla (3), In the latter study, the kidney
sllce method, perfected earller with kldfley slices
fron the haDster, was used (7). Deavers et. a1. (1)
also reported that followlng WBS \"'ith IIDT, urifle,
sodlun and potassium excretlon rapldly returfled to
control levels durlng a few days of recovery.

In 1984, Cazenko et. aI. (2) reported tha!
durlng post f1lght perlods of fron 2 ro 22 days,
iIl rats froo COSI1oS 605 and 782' the Percentage of
renal excretlon of water was lorer than lhat ln
synchronous controls. from lhelr ground based
experinents they suggest the occurrence of
natrluresis in rats during flighl, lhls L'as
ascertalned durlng \tater loading follol,lng the
second day of recovery, Thus, lt may be reasoned
that there is a sinllarlty betwee[ responses to
weightlessness and HDI 1n raLs,

one lnterpretation suggested by Deavers et'
a1, (l) was that the water: and salts depleted
durlng HDT \dere rapldly leversed rith lhe termina-
tion of I{DT. Ihis lndlcatlon of a relatlvely rapld
compensation, 1.e. wlthln a couple of days led us
to the curreot hypoEhesls that the responses duriDg



durlng the fir6t three days, a sllght change
toward balance durlng days four and five and a
change lnto balanced conditloo durlng days slx

Urlnary potassium 106ses increased progres-
slvely durlng the Beven days of BDI. I./tth the
exceptlon of days one through thr:ee when potassluD
intake was signlflcantly loser, the rats reoain 1n
polasslum balance. Ihere ras a narked potassium
retentlon durlng the flrst day of recovery from
IIDT. Thls retentlon ras not relatable to potassluB
lntake, slnce 1r remalned relatlvely constaot
during the recovery period and the rats rematned
iD potasslun balance.

In the N-ttDT rats, although the polasslun
lntake and excretlon showed paraltel progressive
lncreas€, there rrere no slgnlflcant inbalances
during days one through four; and In day foui
through seven there was a balanced condltlon.

Itere are parallel changes In cardlac
responses afld flu1d and electrolyte balance ln
seven day llDT rats. the blood pressure changes
lnclude elevatlons 1n mean arte!1a1 pressure
(l,rAP), d1asto1lc pressure (DP) and systolic
pressure (SP). Typlcal changes ln @Hg are: MAP
controls 10112.1; and 1n HDT one day 11112.9,
three day 11812.9 and seven day 12114,4; also,
sithin one day after HDT, 10411,5. All N-ltDT rars
responded ulth sllght elevatlons and none rere
signlflcant untl1 seven days, A comparable paltern
llas seen ln the recordln8s of DP and SP.

A! this tfune we do not conclude that lhere Is
a cause and effec! relatlonshlp between the f1uld
and electrolyte Dodiflcatlon and the blood pressure
changes, however lt is nolab1e that withln a short
tlme after removal floo HDI the blood pressutes
return to conlrol levels. It appears that the
cardiac lesponses are lransitory.

There contlnue to be points of controversy
concernlnS Ehe blood pressure responses 1n HDT
rats, ln 1981, Popovlc (5) reported that 1n head-
dol'n tllted rats durlng the first two days there is
an increase central venous pressure (CW), and a
decrease ln lfAP and froE the thlrd to the seventh
day the blood pressures retur[ to control 1eve1s.
llls anlnals were not afiesthetlzed nor were ours.
In 1982 ltusacchla et. a1. (4) reported that during
lhree days of.HDT there ar€ elevatlons 1n HAP, SP

and DP, In the sade year, Tucker et. al, (9)
reported that MAP \ras significanlly decreased \rlth
prolorged head-dorrn tl1t (tai1 suspended 20-25").
However, these rats were anesthetlzed (Inactln 100
D8/kc 1.p.). Shellock et. al. (6) reported
lncreasea in Ctr.P ln HnT rats and tha! the degree of
t11t was dlrectly related to the increase, llore
recently Tipton et. al. (8) reported lapld
locreases in CvP l,lth a decrease to baseline values
after 90 Dinutes and also that the blood flov to
the hlrld 1lmb and the nesenterlc vascular beds
tended to declease with several hours of HDT

suspenslon. one lhlng Is certaln, HDT produces
changes ln the dynamics of cardiovascular blood
flow. The queatlon renalna ale these changes 1n
blood pressure a teflectlon of cephalad fluid
shlfts end holr are they related to the increased
capillary denslty of hlnd I1Bb skeletal nuscle such
as the soleus 1n HDT aod welghtlessness?

Lastly, because the€e reports deal rlth
sinulatloos of weLghtlessness it ls essentlal that
flight expeilnents be done rslth raLs. Chronic
cannulae placed ln the aorta and rlght atrla, such
as those used ln the laboratorles of ldrsacchla and
Popovic, are suggested for in-fllghr lats. A1so,
the saoe rats can be used for blood elthdrawal
durlrg and following flight.

supported by NASA Grants: Nsc-219I, Nsc-2325
and AUES crant /12-386.

RE'ERENCES
Deavers, D.R., X,J. Musacchia. and c-A.
MeinlnBeE, Model for antlorthostatic hypo-
klnesia: head-dovn tllt effects on uater and
salt excretlon. J, AppI. Physiol.: Resp1rat.
Envlron. Exercise Phys1o1, 49 (4) t576-5A2,
r980.
cazenko, O.C., Yu. V. Natochln, Ye. A. I1y1n,
N.A. Ilyusko, Yu. 1. Kondratiev, Ye. A.
Lavrova, and Ye. I. Shakhmatova. Flutd-
electrolyte metabolism and renal futction of
whlte rats in experlnents aboard COSHOS
biosatellltes. Avlat. Space Envlron. Med. 55:
685-691, 1984 .

Musacchla, X.J., D.R. Deavers, and c.A.
Uelnlnger. Water balance and renal cortlco-
nedullary electrolyte dlstributlon tn hypo-
klnesla. the Physiologlst 20t61 ,1977.
Musacchla, X.J. and J.l.l. Sleffen. Shor:t !en0
(I and 3 day) cardiovascular adJustments !o
suspension anti.orthostasls in rats. fhe
Physloloslst !! (6) supol:s163-164, 1982.
Popovle, V. Antiorthoslatic hypoklnesla and
cir.culatlon 1n the rat. The Physiologlst 24
(6) suppl: sl5-16, 1981.
Shellock, F.C., S.A. Rubln, D. l{1chele,
G. Nevltt, and fi.F.C. Srr6n. Early rlght atrial
pressure changes durlng 6lnu1ated weightless-
ness ln rats. Ttre Phystologlsr nt26l, 1984.
Teopel, G.E. afid X.J, lfusacchia. Renal
function in the hlbernatlng, and hypothermic
hanster Uesocrlcetus auratu6. An. J. Physiol.
zza <D:6oz-An , ]f7sl-
Tlpton, C.U., J.U. Overton, M.J. Joyner, and
A.R. Hargens. Local f1u1d6 shlfts ln huoans
and rats: cooparlson of slEulatlon models with
actual welght1e66nes6. The Physlologlst 30
(1) Suppl r s1t7-120, 1987.
Tucker, 8.J., A,R, Ilargens, 0.W. Peterson, and
R.C. Blantz. Alteratlons 1rl glooerular and
tubular dynaDlcs during simulated welghtless-
fless. Ihe Physlologlst 25 (6):567-68, 1982.

2

3

5

6

8

9

The Physiologist, Vol. 33, No. l, Suppl., 199{ s-47



W. G. Squires, M. K. Srlitlt, S. lft]nneley,
and P. B. Raven

DeparbrEnt of Biology, trexas lxt}lelan CoIIege
School of Aelospace }Hicine, Brooks AFts, and

Deparbrprt of Physiology, Texas CoIIege of
Osteopathic }{edicijE

INIROUJCIICtI: Hr(Ens have been plac€d ir a 5"-5'
ElaiffiEst (Bm) position ranging in tijrE frqn
t hour to 24 tpurs(l). ltiis oeelirEltta1 protocol
has been used to ploduce irtravascarlar fluid
volwe shifts tovJards t}Ie head ard subsequently to
reserble tlle ixrtravascnlar fluid shifts observed
du-ring e>q)osure to rni-crogravity siJnilar to tlEt
ercrcunteled durjrg space flidtt(l) . Alternatively,
snall anijnals have been used in hird-ti]nb or tail.
suspension llrcdels to a]lqnr a flrcre irNasive
investigation of tie effects of rlLicroglavity(5).
In tlE present ereerirEnt, i"e bave carefully
descliH the hsrEdynamic ctranEes jr tlle dog
associated witi tirE d'lrinq tlle 6' HDR cqdition
of simrlated nicrpgravity, as a cc.q)arison to tlle
hrfian lDR [Dde]..
MBIIIonS: In tiis strdy all anjrEls i,e!e tleated
ac.olding to tlE guiding principles of anilnal care
of tie AIIElican Ph!.siologica1 Society. Sixteen
male dogs, 15-25 kg, vrele setrErated irto tluee
experirEntal groups. Group GIe (G1). Sjx anirEls
l*€re anesthetized and ventilated.
Electrocardiogrem (ffi) was nDnitored. A Nc. 7
cattEter, corylected to a pressure transduc€r was
inserted into tlle juqular vein and advanced into
tie right atriun under fluoroscppy to llEasure
right atriun pressure (RAP). Systolic, diastolic
and IIEar arterial (iAP) pressures i,rere obtaijred
frqn a catlEter in ttE left iliac artery to the
descending aqrta. thru a mid-line thoracotqy, the
heart was suspended and a pressure tlarsducer v,Jas

lnserted for ]eft lentricl.rlar pressure (LlP) and
LV &/dt. the anjnal was plac€d i.n t}le supire
posit-ion for HDR, Group 1\,p (G2). Sj.x anjrals
were jrtubated and plac€d on an anesttEsia rEchine,
IlR, RAP ard l4AP ltere fiDnitored as ln G1, witl t}le
exc€ption tbat prEssures '.Jere obtaired witi the
chest closed. A ultrasonic probe '.,Jas placed a-lar]nd
tie right iliac artery for fieasulsrEnt of b]cod
flow (BF). Cardj.ac ortput (Q) was neasured by
tlEnDdilution. the anirEls lrere plac€d in tl€
lateral decubitls trpsition for HDR. Gloup Three
(G3). Four aninals kere studjed i! the conscj-o$
state. Each dog was anesthetized as descrj-bed for
G2. A 7 French vasclrlar access port (\/AP) in t}le
Ieft iliac artery Uas ad/anced into the aorta for
IlEasurenEnt of lAP. A second \rAP was placd
fluoroscopical Iy jr the rj.ght atrj.un to nEasure
RAP. AnjrEIs act€pted Hm in a conscious state,
standing upright i! a sling. Data r.,e!e cbtaired
before HDR ard at 15, 30, 45 and 60 nin. of tDR,
ltE arirE] was returrEd to the horizontal position
and rested fo! an additional 15 nin. during Lfiich
recovery data uere obtained. Univariate analysis

of \,.ariance (ANCI/A) !,Jas used to anallze tlte data
wit}r an alptE lelrel set at 0.05. Tlirc anallEes
,rEre trErforned: first. ctmlt)n valiables of all
gloups (IAP, RAP and ER) were pooled for each of
tie oeerirental g.rolrp€ 1, 2, and 3 and testrd for
ttE e)q)erjjrEntal @ndj.tion (HDR) effect. Second,
LVP and LV @,/dt jn G1 and iliac m and cardi"ac
fIcfi in G2 r.rere artallzed.
RESULTS I A. q_BggP9!!99, Figure 1 srnnarlzes
tle response of lfr, right atriaL rEan pressule atrd
rrEdr s!.stqrdc arterial pressu-re of aLl 16 aniJilals
to HDR. the data of G1, G2, and G3 $ere cc.Ibired
to describe tlE response to HDR as there were no
d,ifferences due to surgical condiLions of the
qaups. (P>0.05). RIIP significantly increased
durinq HDR reaching a peak response at 15 min. aDd

roiahillg el.evated tj|rough 60 tdn. of Hm. IAP ard
HR !,ere unclEnged througttout HDR, P>0.05. Figules
2A & B, srr(Erize tlte Q and BF, G2, LvP and Lv
@/dt durjnq HDR of G1 . Tbere !,,e!e rto dif felences
betl^reen control, HDR. o! recovery neasure for any
of tbe variables, P>0.05.

Figure
1

Pigure
2

HEIDYIIIAMIC RESPCT,EES TO -6 DEGRES HEAD-DO$i
RESI IN MS:
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DISCUSSICI,I: the prirEry effect of HDR i.s an
Ecrease in central blood voIuIE and concqritant
ircrease in central venors pressure (c\,/P) (2). rn
the present ijwestlgation RAP, an index of CVP'
increased rapidly !,ritl Hm. and plateaued early;
boti tlle rate of change and the plateau i{ere
ccsparable to values leported in hwEne)perj.rEnt-s
(3,4,8) . In tlEir review, Blqqvist ard Stqle (2)
descri-bed a berl-sllaped cvP response to tlE first
5 tpurs of Hm of hrIIEns wit-h a rdnirEl plateau
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over tirE at tlle peak response. Ihe data frctn
Present e4Eri.IrEnts in tlE dog suggest t.tlat CVP
lises quj.ckly over tlE first 15 min., tien rsnairs
stable for at least 60 ftin. this observation is
consistent wit}l tie flrllingE of Iol lgen et aI, (4)
wtrc derrDnstrated a pronounced increase in RAP at
,dnute 15, with a subsequent plat€au thlough
rdnute 60 of -6" Hm i! h.[IEns. N*on et al. (8)
observed tlat CVP \ras jncreased significantly at
rdnute 30 of HDR and returiEd to near baseline at
Illinute 120 of HDR. caffrEy et at (3) observed a
sjmitar leturn of CVP dlr1ng t]Ie first hour of -5'
fDR. Iherefole, it appeals ttlat CVP does plat€au
durinq tlE flrst hdrr of nDderate (5'-6') HDR a.nd
returiE to baselirE during tlE first hour of -6'
HDR in both anestietized and consciolrs dogs. In
nBn, l4AP typically des rDt chanqe during Hm of
-5' t-o -10" (3.5,8) , artlcugh qlatl increases and
decreases (<10 nrnHg) have been docurEnted after
one hour of tDR (4). !{e observed similar snall
(5-10 nlnqg), but jrsignificant, j.ncreases in rEan
and systolj.c arterial pressure in boti
anesthetized and conscious @s. tlcfile!€r, tie
averaged reslprEes of al.I dogs denonstrated a tack
of effect of I.IDR on lAP. the HR ald Q varied
widely a.nDng individual dogs vritldn experjrEntal
protoclIs. In general IIR arlt 0 did not ctEnge
sig[ificantly during HDR. Previous investigatiorrs
in hurEns suggest ttEt HR remains unchanged or
decreases stightly durjng -5" to -10" IDR (3,4,8,
10) . Ihe avaitable data regarding Q and str.oke
\rolurE do rlot change slgmifi.cantly during HDR in
hlrEns (4,8,10). tlore\rer, caffney et al (3)
observed a significant lncrease in Q and stloke
voIL[IE at 15 IILin. of EDR with subsequent retum to
baselire at 50 rdn. of tDR. I-ondon et aI (5)
observed a significarL irclease in O after 30 IILin.
of -10" HDR cl(Ipared to -6' HDR in hurEns. The HDR
results in an fumEdiate increase in c-entral blood
volwrE. Several studies have sho.rn that central
blood \,iolurE increases dlamatically and rsnains
elevated du-ring plolonged HDR (5,7). In addition,
a Iarge proportion of tlle transl.ocated blood
appears to be sequestered lapidty in t-lle puLrDnary
cirotatlon (4,5,7). Mrch of tiis volune is
plobably filteled jnto extlavascutar spaces, since
jncreasing perfusion pressure augrEnts the
filtration procEss. Echccardiography nEasurellEnts
of eid-diastol.ic \,ro]rrrE suggest tlEt t-tle heart
\,,olu[E returns to rNclrial wit]i.n 30 nin. (8).
Therefoie, t}le increased central blood voluoe
associated with tie onset of tlDR is rapldly
redestli"buted away frcm the heart. Consequently,
tie initial effect of HDR on Q is tlansient.
Diffelent peripheral vascular H.s may stlo^,
dj.ffering vasqrptor responses to HDR. In our
experjrents BE j.ncleased and remained elevated
tnroughout tlte orp hour of HDR. these data are
c\cnsistent wit}l ttre observati.ons of london et a]
(5) who found increased foreaEn blood flor, and

decreased forearn \,encus torE and vascular
resistance after 30 min. of -10' HDR in iian. this
vasodilation ia,as prcbably [Ediated by ref]exjrhibition of vasoconstrictor tone by stjmulaLi.on
of the lio]urE-sensitive cardiotr .rhr)nartr
rEchanoreceptors. Stjrr.rlation of ttlese
rEchanoreceptols prlduc€s s)lllpat.lpinhibitiql and
vasdiLatj.on, btEreas, unloading the
[echanoreceptors ploduc€s vasoconstriction (9, 11) .
Assunhg tlEt -6' HDR produces a sjmila! effect on
these rEchanoleceptors as -10" in huians, our data
delDnstrate a similar effect on vasculai
resistance ir selected pripherals beds served by
the iliac artery of @s. this j"ncrease in f lcrJ
witi O belng clnstant has a d,ifferential effect on
vascular resistance irdlcating a decreased
resistance, tierefore, tlle sustahed vasoditation

in ttE iliac arteq, uas rrot observed globalty
thlougtptrt tlE vasculatr.Ee, suqqestjng
het€rogelreous control of the cirqlLalion du.rjng
HDR. C,affrEy et at (3) found similar transiert
changes jjr total peripheral resistarEe, with early
decleases foll.ored by a retrrn to baseljre levels
irl htrlEns. Other studies have reported rD
significant resistance changes during Hm (4,5,10).
Vasqula! resistan€ changes ttlat do ocqrr dullng
HDR jn hrr[arc appear to be transient and ou! data
dsrDnstxate a s!i-ila! lesporuie in this @ nrdel..
In suntEry, it r.,ould appear that tIe dog wllen
placed in ttle HDR posltion has sirlilar
caraiovascu-Iar responses to tlat of the hurEns and
cluld be used as an aninal fit de1 for IIDre iln/asi.ve
investigatloDs of the nicro 'g' envirofir€nt.
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COMPARANVE STUDY OF CARDIOVASCULAR
RESPONSES IN PRIMATES EXPOSEO TO TILT
TEST AND LBPP.
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INTROOUCTION

Tit lest and LBPP (Lowff Body Positive Pressure) are

two distinct mettpds lo simulate on the ground thcshitt ol

biological lluids lowad lhe upper part ol lhe body sudl as it is

obseNed in space. ln microgravity, hydrostatic pressure

disappears and low peripheral resistanc€s do not incrsase The

tilt tesl invsrs€s hydroslatic pressure and does not rnodily
peripheral rosistances. LBPP increases lo\,v pedpheral

resistarces and does not suppress hydtosialic pressure

Cardiovasorlar rsspons€s io hemodynamic chang€s created by

the lill test and LBPP must a prbri b€ dillerent lrom those
which €xisl in microgravily. The puDos€ ol this study was lo
compare both simulation methods.

MATERIALS ANO METHODS

The use ol an animal rnodsl (baboon) permits lhe direct
impladation ol transduc€rs in the studied adery. This animal
was chosen because lhe anatomic conliguration ol its
cardiovascular syslem is similario man's.

Cardiovasorlar rasponses were studied lhrogh lhe
puls€d uhra-sound @pler volocirnetic signal. Two syslems
wers used : Echovar FBC ol Alvar Eleclonic op€rating at an
emitting lrequency ol I MHz to measure carotil blood velocilies
arE AEM 248 op€ratirE at an emining lrequency ol 4 MHz to
measure aodic blood volocities.

For lilt tesl sludies, an easy method is to use a suppon
allowing a rotation ol 350" ot the animal aroond a horizonlal
axis. Dopplea measuremeots can thus be made ,or varios
animal posilions : orthoslatic, headdown recumbency.

To place the animal under LBPP conditions a hyperbaric
charber was usd. ll was a rbil plexiglass enclosure with a
cirq.rla. openirE on the top to allow passage ol a baboon in a
reslrainirE chair down to the animal's waist. Th6 opening was
made loakprool by a lal€x skirt arond the anirml's abdom€n. A
purping system increased overpressurg levels by plateaus ot
I 0 mbar up lo 50 mbar.

. Oopplsr 8 MHz and 4 MHz ppbes were calibraled on a
hydraulic bench accordirE to a mettpd direclly derived lrom
Peonneau's (4). Two baboons werg chronically

bioinstrurn€nted. Dudng lho same op€ration the surgeon
implanted a 4 MHz doppler senso{ on lhs ascerdirg aona and
an 8 MHz sensor on th€ primtive carotU; wir€s were passed

underthe skin.
Experimenls only staned afrer animals had recovsred

tlom surgery. Animals were aneslhetized with 10 rE/tg
kelamine i.m. ,ollowed by a hall doss every ha hour. Sensors
were connected lo data loqoers through a small skin incision.
Suti€cls wors exposed to ten su@essive rolations on thg
support. Carolil and aorlic doppler measuremgnls wers
su@gssively made lor each stabilized position o, tho animal.
LBPP exporirEnts required a special preparation : shavirE ol
the chesl, apdyirE vaselin€, positioning ol the later skin h€b in
plac€ by surgical adhssive tape. Tho animal was then plac€d in

th6 system aM prGsure rose in the lotYer pan ol the body by
insemeris ot ,0 rnbar up to 40 or 50 mbar (1,2). A complele
rise in prassur€ lasld approximatively 45 minules. On the
supporl and in LBPP. rneasurements wero made at some
dislance lro.n ketarnane injeclions ( aft€r ten minules and tyhen
hean ral€ was stabilizedr'When the carotil senso, was

connected, velocity proliles were record€d. Carotil blood llows
were calculated by digilal int€ration ol vslocity proliles. When
th€ aoiic s€rEor was @nnected, lhe insta aneous velocity
was recoded on lho aorlic axis. The stpke volume (SV) was

obtained by planim9ry.

RESULTS

An initial exporimental prolocol consisled in picking up

@ple. carotil and aonic sbnals in the samo animal. Because
ol certain probl€ms in signal acquisilion, resuhs are preserted
lor two pairs ol animals, one lor lh€ aoda, lhe other ior lhe
carotil. Pratical invsstigaiions show thal the chanqe hom the
sittirE to th€ head{own position incroased carotil blood flow
by 't'l% in one pair (2.34 r 0.r9 ml vs 2.6'! r 0.2'l ml) and by

33% in lhe other pai. (2.98 t 0.15 ml vs 3.97 I 0.n ml).
Doppler signab in lhs ao.ta are unlortunately unusable.

ln LBPP, regression calculations did not evidence any
relationship b€tween changes in carolid blood llow and e(emal
overpressure in the two animals (fi9.'1, baboon N : r= -0.2878 ;

baboon O : r= -0.0338). The same was true lor the stroke
volume (lig. 2. baboon M2 : r= 0.4ii;baboon 08: r= 0.30 ) .

DISCUSSION

Besults expGssed in lerms of carotid blood llow were
obtain€d trom a volocily m€asureme . lf the diamot€r oi the
blood v€ssels irrcreas€s, bloodflow can be stable or irErease
even though velocily is reduced. Howwer, our me(hod ol
calculatbn tak6 inlo account any possibls charEe in the
anerial diameter sirrce velocity p.oiiles on this diameter are
resed lor annular integralion. However lhe hypothesis ol an
axisymmelric llow must be accepld. Bul lor the calculalion ol
th€ slroko volume a conslant value musl be given al the aortic
sectbn, supposed lo be circular. True, these results were
obtained on only two pairs ol animals. However, data reported
hers shows two opposite tendencigs I an increase in carolij
bbod flow in the tilt les,t, which is classically obs€rved, but no
charEe in carolkl blood llon in response to charEing levels o,
ovsrprcssure. The cardiovascular response ol primates should
thorelore a ld)IL also be dillerent in till test and under
overpressure.

Our r6sults show that carotid blood llow romains slable in
LBPP, that heart rate terds to decroase and that SV .emains
stabls. Why do€s cardii blood llow remain slable whilo cardiac
orJt gJt decreases ? ln LBPP carotil blood llow nust, in lac1,

decreaso hjt sirrc€ lo.r peipheral rosigancos ar€ ircreased,
distribulion ol the aonrc blood flow favors carctil art€ries, which
tends lo compensate fgr the decreas€ in blood tlow in these
aeras. This sxplains observd experimenlally lhs absence ol
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changes in carolid blood tlow. The posilivo pressure applied to
th6 low6r pan ol th€ body enhances lhe venous relum, hJl
oxp€rimenlal resulls do not evid€nce any increase in SV. ln this
context, it is leOitimate to lhink that the blood mass is shifled
urdorths diaphragm under LBPP hJt with bng storage, or still,
lhat blood is slored in digeslive tract veins consilerirE lhe
irrcrease in bw pedphsral r€sistances.

This irierpretation, based on our experimerhl r€sults is
in contradiclion wilh resuhs obtain€d in man wearing lhe anti-G
suil inflatd at similar or higher overpressure lovels. Seaworlh
dil (5), usiru a tvo-dimensional €chocardirgraphic technque,
Evilenced an incrgas€d in SV and end- diastolic volume in
siandino sobi€cls wearing arii-G suits. Howgver, SV and €nd-
diaslolic volume d€cr€ased one minule aller inflation. This
could be duo to increased veflous @mpliance lor exanple in
the lungs or digsstivo sph6r6. Kravic El3l. (3) sludid changes
in plasma vasopressin€, renine aclivity and arterial pressure,
and confrm€d ths c€phalic bloodshitt. This shows that the
expedrnental npdol inllu€nces results by its own response to
stress. Which oxplains lhe sometimes contradictory r€sulls
obtained by difierent learB.

ChoosirE primat€s as animal model our results show that
i is bener lo us6 the lii lest than LBPP lor shon-lerm ground
simulation ol microgravity on cardiovascular bitynamics.
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MATERIAL AND METHODS

EFFECTS OF LOWER BODY POSITIVE PRESSURE

ON FOREARM VASCULATURE

Eight healthy euhydrared subjects volunteered
Ior the study (a8e:23 1, (SD) yr). All the
experiments were performed at the same time oI
day. The subject seated at rest lor ,0 min (Tdb = 25.6
+ 0,2'C). At 0830 the subject donned the Anti-G suit
(MAST III A, David Clark) and stood on a tilt table
with a footboard at +70" (70 HUT) Ior 2 hours. The
tirst hour consisted in a quiet standinS and the
Anti-C suir was inflated (legs:50 Torr and abdomen :

l0 lorr) durint the second hour.

calculated and used as an index oi venous tone. It
was expressed as dV% per torr. after each FVC
measurement, 3 determinations oI FBF were made
by the occlusion technique with the cutJ inflated at
,0 Torr.

Values are mean + SD. The data at TI, T2 and
T3 were compared to T0 with the non-parametric
Wilcoxon matched-pairs signed rank test. The null
hypothesis was reiected for p < .0r.

RESULTS : (Fiture l)

During the initial period oI Anti-C suit
inllation, N,IBP increased by 4% (p < .02), SBP by 9%
(p < .05) and DBP by 7% (p < .05). A concomilant
decrease in heart rate of lr% (p <,01) was also
observed. These changes in arterial pressure and
heart rate persisted until the end oJ the Anti-C suit
inllation period. AIter Anti-G suit deflation. All
parameters returned to their initial control values.

The initial period of Anti-c suit inllation
(Tt) had no significant elIect on FVC. After I hour
oi Anti-G suit inllation, there were no significant
chantes at venous pressure ol l0 and 20 mmHt,
while FVC increased by 16% at 30 mmHg (p < ,05)
and 40 mmHg (p < .02). After Anti-G suit deflation,
FvC returned to its control values. Aiter I hour of
Anti-G suit inflation, the VEC increased significan-
tly by 42% (p < ,0r). The initial period of Anti-C
suit inflation as well as Anti-G suit deflation had no
signilicant eIlecls on this coellicient.

Forearm blood llow remained
durrng. the Anti-C suir inflation
decreased by 2I% (p < 0.05) after
dellation.

HEMOOYNAMIC
PABAMETEBS
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  Heaat nate
Arterial blood pressure (SBP, DBP and MAP) as

well as heart rate were measured every l0 min on
the lelt arm (DYNAMAP 5XP, Critikon). Forearm
cutaneous temperature was measured with a
Cu-Const thermocouple.

Forearm venous compliance (FvC) and arterial
blood flow (FBF) were mesured with the venous
occlusion plethysmography technique (Perivein -
Janssen Instrument) on the right forearm. The
forearm was held by an adiustable arm rest at the
heart level to insure the free emptying oI the veins.
The changes in lorearm venous compliance were
determined by inllating the cuff at 4 occlusion
pressures I I0, 20, 10,40 Torr. The FVC was measured
at the end of the I st hour oI + 70" HUT (pre-in-
Ilation period, I0), just alter the Anti-C suit was
inllated (TI), I hour after Anti-c suit inflation (T2)
and just alter the Anti-G suit dellation (Tl). FvC was
determined by plotting dV% against the culf
occlusion pressure. The slope oI the volume-pressure
curve (venous elasticity coefficient-VEC) was also
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INTRODUCTION :

The main physiological effects of lower body
positive pressure induced by antigravity suit (Anti-C
suit) inllation are a headward shiit oI body and an
increase in blood pressure (1, 2) resulting lrom
increased cardiac output and/or peripheral resistance.
However the underlyinS mechanisms remain unclear.
A central redistribution oI fluids with an increase in
central venous pressure has been shown to occur in
head down tilt (HDT), water immersion (WI) as well
as Anti-G suit inllation (3, 4, 5, 6), [n addition, a
decrease in forearm venous tone has been shown both
in HDT (7) and WI (8). From our knowled8e, no data
are presently available on the ellects of Anti-G suit
inflation on the peripheral circulation.
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The results suggest that peripheral venous tone
is decreased after one hour oI Anti-G suit inflation
as indicated by the increase in venous compliance
and VEC. In our study, the chante in venous tone is
delayed compared to that previously reported during
-10" HDT or WI (r,6), The lack of sitnificanr chan8a
in the early period of inflation (Tl) does not suppoit
the view of a venous response mediated through a
reflex activation of cardiopulmonary and/or arterial
baroceptors. However, an activation of such receptors
does occur since inflation induced an immediate,
marked and prolonged reduction in heart rate. The
change in venous tone was neither dependent upon
arterial inllow since there were no consistant
changes in FBF (likely related to the small increase
in MAP). Furthermore, the changes in VEC are
independant of the arterial inflow (5,6). The change
in venous tone is thus neither hydrostatic nor rellex
in origin. This, in addition ot the fact that it occurs
as a delayed phenomenon suggest that it could be
hormone-mediated. Indeed, it has been shown that
inilation induces a signilicant decrease in both PRA
(1, 2) and norepinephrine (personal communication)
which is already maximal atter one hour oI inllarion.

In conclusion, our results would support the
view that the hormonal-mediated changes in the tone
oI the capacitance vessels plays a major role, and the
reflexly-mediated only a minor role in the compensa-
tory responses induced by Anti-G suit inllatioo. In
addition, the role oI other capacitance vascular beds
such as pulmonary veins, which study was beyond the
scope of the present work, should also be considered
and investigated.
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EFFECI OF SIMULATED WEIGHTLESSNESS ON
THE POSTURAL RESPONSE OF
MCROVASCULAR CUTANEOUS BLOOD FLOW

M. Aratorv, A.R. Hargens, S.B. Arnaud,
and J.-U. Meyer

Life Science Division (239-17)
NASA/Ames Research Center
Moffen Field, CA 94035-1000

In troduction
Astrortauts frcquently complain of facial

puffioess and nasal congestion whilc in
microgravity (10); similar complaints have been
documcntcd in thc bcdrcst modcl of weighllcssncss
(4). It is thought that thcse symptoms are causcd
by the cephalad shift of fluids resulting from
absence of a hydrostatic gradient in the weightlcss
environment. The cutangous circulation serves
mainly a thcrmoregulatory function, and can in
extremc conditions account for as much as 30% of
the cardiac output or 5-10% of blood volume (3).
Regulation of thc cutaneous microcirculation in
rcsporsc to intravascular pressure alteration
remains conuoversial. The fluid shifts that occur as

a result of postural changes or a microgravity
environment can cause altered transmural
pressures. We hypothcsized that cutancous
hemodynamic regulation, rcgardless of the
mechanism, would be altered with simulatcd
weightlessness. This study evaluatcs the response
of cutancous microcirculatory blood flow to alterial
pressure changes using the stimulus of postural
change before and after one week of bedrest.

Methods
Eight hcalthy males (age 32-44 years)

volurteeled to participate in this study after giving
informed, written consent. Cutaneous blood flow
was measulcd in thc central forehead and the
dorsum of the left foot (proximal to the 4th wcb
space) with a lascr Doppler flowmeter (TSI, Inc.).
This instrument expresses flow in rclative millivolt
units, so absolute values of flow cannot be
determincd. Probe location was marked by ink and
measurcd from casily identifiable landmarks to
ensure reproducible placcmcnt. Flow values were
collected every 7 seconds, digitized, and storcd by a

microcomputer data acquisition system. Room
temperature was 25.7 1 1.9"C. An elcctric tilt table
with a footboard produced changcs in posture
known to alter a erial pressure (7). Tilt speed was
approximatcly 2olsec. The Doppler probc was
placed on the dorsal foot for 3 minutes whilc thc
subjects wcrc at 60 hcad-dowo tilt (60 HDT). With
the probe still on the foot, the subject was moved to
60" head-up tilt (60' HUT), and microvascular flow

was agail mcasured for 3 minutcs. Thc probe was
then switched to tho forehead, and thc subjcct
remained at 600 HUT for anothcr 3 minutcs. Finally,
with no movemcnt of thc probc, the subjcct was
brought back to 6" HDT and flows wcrc rccorded for
the last 3 minutcs. Vascular rcgularion in the
forchcad was cxamincd by movcment from 60o
HUT to 60 HDT, which incrcascs artcrial pressurc to
this region. Sixty degrees was choscn bccausc it
replesented a hydrostatic compromisc for foot
blood prcssurc between sitting and standing. In thc
dorsal foot, the !egulatory response was examined
by movcment from 6o HDT to 60" HUT, which
incrcases artelial pressurc to cutaneous vessels in
the lower cxtremities. Subjccts werc evaluated 4
days beforc a one weck pcriod of bedrcst at 6o HDT
(simulated microgravity), and at I and 2 days aftcr
bedrest.

Data Analysis
Bascline Ilow was determincd by avcraging the

flow values during the last minutc of the 3 minute
rccording period bcforc a tilt maneuver began. The
flow response to tilting stimuli (!esultant flow) was
the avcragc of thc values in the last minure of rhe 3
minutc recording period after a tilt mancuver had
bccn complctcd. The responscs to tilting wcre
analyzcd by paircd t tests. Thc baseline flow of
cach subject was used to normalize resultant flows.
These rgsultant flows were then uscd to evaluate
the differcnces of the magnitude of responses to
tilting bctwccn the study peliod before bcdrcst and
rhe 2 study periods following bedlest by repeated
measurcs ANOVA.

Resul ts
Compared !o baselinc, forehcad cutaneous blood

flow increased 26 a7% (mean t S.E.) (p<0.05) when
subjects were moved from 60" HUT to 60 HDT
before the bedrest pcriod, as illustlatcd in Figure l.
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Figure l. Baseline versus resulrant microvascular
Ilows al 4 days before, I day after, and 2 days after
one wcek of bedrest (BR). Forehead cutaneous flow
increases due to arterial pressure incrcase (HUT to
HDT), whcrcas rhat in the dorsum of the foot
decrerses bcfore and aftcr bedrcst with an
adcrial prcssurc increase (HDT to HUT). AU blood
flow responses are significantly diffcrcnt (p<0.05)
from baseline flow.
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This rcsporse of ilcreascd flow in the head was the

same on the first (p<0.05) ard sccond days (p<0.05)

after bcdresl (Figurc l). Dorsal foot cutancous blood
flow decreascd 46 ! l2% in rcsponsc to tihing
from 6o HDT to 60' HUT bcforc bedrcst (Figurc 1).

This was not significantly differeDt in magnitudc or
dircction from rrsponses I and 2 days aftcr bedrcst
(Figurc 1), An cxamplc of dorsal foot flow rcsponse

to tilt from 6" HDT to 60" HUT is shown in Figure 2.

t
TIME (MINUTES)

Figure 2. Examplc of decreased cutaneous blood
flow in the foot when subjecr is moved from 6o HDT
to 60'HUT. A pcrsistent dccreasc of flow to ncar
zero follows thc tilt maneuver (arrow).

Discussion
The literature describes mechanisms of

cutancous vascular control such as a local,
cutaoeous veno-arteriolar reflex that causes vessel
constriclion in response to an incrcased transmural
pressurc in thc extremitics (6), and possiblc
additional sympathetic control (1,2,8). Our data
from dorsal foot skin agree with the rcsults of
Henliksen et al.. (5) who found a 40% dccrcasc of
cutaneous blood flow upon passivc displaccment of
thc hand 50cm below the jugular notch. From this
and additional studies, the same invcstigators
postulated that edema of the lower extrcmities in
the upright position is prevented by a local veno-
arteriolar reflex (6). Our study documcnts that the
vasoconstrictivc resPonsc to increased arterial
pressure in thc lower exttemities is preserved and

unchanged after one week of bedrest. Previous
studies of sympathectomizcd palicnts (6) and
tctraplegic paticnts (9) demonstrate a persistoIlce

of this rcspons? in thc cutaneous and subcutaneous

vasculaturc of the legs, implying significalt local
reflcxivc control. If the local veno-artcriolar reflcx
is the major dcterminant of cutancous blood flow
reduction due to increascd arterial pressure in thc

legs, longer periods of weighllessness, whcther

simulated or actual, may not affect this responso. In

contrast, cutancous flow increascd in the forchead
with elevatcd local blood prcssure in the hcad. This

oppositc rcsponsc suggests an absence of this reflcx
in tho forchead. A lack of rcpctitivc exposurc of thc

head to elevated intravascular Pressurcs ovel
man's cvolution may bc the reason for thc lack of

dcvclopment of this rcflex. In addition, no
formation of such a rcflcx is sccn to occur in thc
forchead aftcr 7 days of simulatcd weightlcssncss

We suggest that in microgravity, the cutaneous
blood flow in thc face incrcascs due to absence of
blood pressure gradients. Becausc there arc no
rcgulatory mechanisms to respond to this blood
pressure incrcase, facial cdema and its associated
symptomatology occur. Lack of adaptation of this
rcflex in the facc is supportcd by rcports of
pcrsistcnt facial cdcma on longer duration spacc
missions (10). Furthcr studics should bo pcrformcd
in actual microgravity and for longer periods to
charactcrize cutaneous microvascular control
furthcr. In addition, nerve blocks can be uscd to
eliminate sympathetic or local veno-arteriolar
rcflex control sclcctivcly aod !o delincate cutaneous
vasculature control mechanisms morc completely.
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ENDURANCE EXERCISE TRAINING REUJCES
ORTHGSTATIC IOLERAIiCE IN HUI,IANS !

I!troductio[
I cortiruiDg ilebate cxist! ar to xbother eoduraoce
6rgrcire trriDitrCt iDcurs a Dr€dlBDosition to
ortholtrtic iltole.lDce (3, 7, 10, L2, 15, f8, 22,
23). IlvsltigatioD! that luooe3t no chalge or aD
lDcreate i! orthottatic toloraDce xith eDilurroca
exrrcilo tnlning ll, 5, 7, l2l euggelt indiyidual
geDotic rurceDtibillty as a ready expl.EatioD for
t[! coBvrrle relults obt.iDed 1! cros!-3ectioual
d.ligDed rtudie! (7, 12). ID rdditioD, other
fuctorr iDvolveil i! tle deblte trers Doorly deliDed
criterir lor ortholtEtic lDtolertDce, lactor! ol
tdtDtrbillty, ard . diverre Durber ot Drotocol! ot
ortloltrtlc challeogo 11 , 10, 22, 23). fherelore,
the DurDots of tii! stuily xae to specilicrlly
dotGrliD€ the eftect ol aD eight lolth eDdurrDce
traiDiag Drotocol dc!igned to iDcrease VO!..! 25-
30t, o! tie inilividurl! sulceDtibility to
ortbo!trtlc i[toler.nce (OIT) as deterliDed by
diract rrtarirl Dretrure neasure! duriDg graded
loror body oegrtiv. Drcarure (IJBXP).
Irterial,t lud [qtboil!
SoyGD lrle rubjectr (28.{313.5 yrr; xtSD) (see
Trble 1 lor do3criDtive datr) tere ltudied before
lad rfter aD 8 .oDth aeroDic traiDiDg Drogra!,durhg xhich tire the ildividuals olt aDd
Dhttiologlc resDon!es to Derturbatiotri ot the
rrterirl blogil Dregrure sylter by LEIP trere
rolitored, tII lubjects ,ere iDlorreil iD iritilq
tt to tbr Drture ol the erDerirent rtd coiDleted r
tubject coDleDt lor! aa aDDroved by tbe
IDttitutionrL ReviGr Eorrd for u3e ol hulan
tubject! rt tLe ?ora! CoIlege ot OrteoDrthic
It.diciDe.
I trG.dlill ruD Drotocol xa! uled to detertile
Drllrltorr ol retabolitr Auriog the rrlDed excrcise
ttrGlr tort (CIf) aDd the deterriDttioD ol tuilal
r6robic crDrcity (Yozrrrr llrl perlorrroco. lhe
rgecd ald grrde rere ruD.d by 0.15 lDh aDd 1,5t
grrilc .vcry riDute urt11 volitiotrl lrtigue.
Subjectiva terliDrtioD oI the telt rnd objectivo
crit€ria ol ?rylor, Eustirt rDd BeDrc[el (2{} rere
ut€d to qu.litrtivoly aDd qutntit.tively ileterriDe
1l tb€ luDJect hrd lrde r raxilal eflort. l
doterrirrtioD ol Vorrrr r.! rcceDted il a Dltteau
ol oxygeD coDlurDtioo rhich cDaBred lese th.n 100
!1!h1! lor I riDutc vrt deloDltrrteil. Oxy0eo
uDtrte r.! dcterrilod usilg ! dediclteil Dreath-by-
brorth !Drly!i8 !y!ter lDcorDorrtiDg a ta99
.Dectror€t.r (Porli!-E1tcr I5f11008) to deterriDe
g.t coDc.otrrtio!! (Or aDil Cor) i! th6 iDsDired aDil
erDirld rir, rlil r turbile flovucter (llDht
hchDologiar VtOl-2) to reuurq tidrl volure. lI1
vrrirble! rcre coLlGcted oo-Iioe utiDg r deilic.ted

ricro colDute! (Digit.l Equiprent CorDor.tiotr lllllc-
23) lld a curtolized lofttare DaclaCe to account
lor dilfer6Dcer iD ilelay and resDoDse tile. oxygetr
uDt.ie tiDetic! rere ileter[iDeil duri.og the testiDg
by doterDining the tile 1ag betveeD start of a
ste.dy iDcreare iD nechaDical t.ort (begiDniDg of
the ra!D) rDtl tbe detectioD of a! increase in
orygoo uDtale (8). The veDtilatory tbreshold (0.r)
tlas deterriDed rs the !.orl rate at rhich
rentil.rtio! iDc!eased dirDroDortionally !ro! a
Iioe.r iDcre.se iD the lechanical vort rate (8).
Thele tro !€lsutes iere u3eil to deterDiDe aDd
eonitor erercise traioing.
EXERCISE TRIIXIIC PROTOCOII:
Erch tubject Derfor.ed aD aerobic traiDiDg progr.r
thrt coDsilted of a tQIl, r[d joggilg protoco]. {
x's/reek. Subject! exercised at a heart rate
caLcullted rt lt belor the individual ventilation
tbreltold at ileterriDeil by their VOrrrr test. llost
ot the traiDilg s€slioDs rere loDitored, rnd
tfriDing Lelrt rate! adjusteil as sublaxiral heart
rrtes decrerleil t ith traiDilg. suDjectg exercised
aDDroxirately {5 .iDutes Der ressior!.
I,OTER SODY TICTTIVE PRESSURE: (IOLER ICE ?EST):
LBIIP rls usad to induce a central hyDovoleli. by
b8vj.!g the lubjects Iie i! the suDile Dosition
'rithia r box (LBXP charber), xittr an airtight seal
eD0.ged lroulil the rubjects ilirc crelt3. Variable
autotr.Dslorrers that regulated voltage to t*o
9acuu! lotor3 conDecteal to tbe IJ8[P chalber rere
ured to coDtrol the degree of suctioD aDDlied to
the lubjectr. I digital preasure reail-out tas
luDDlied by l Dressure ret6r (Eiatel lDstrurents)
th.t tar coDDected directly to the LB P ch.!ber.
Subjccts xere erDorcd to Drogressiv6ly iDcrellillg
Icvelr of tEIP through stage! ol coltrol (0), -5, -
15, -23, -13, -15 torr for S riDute! Der strge
exceDt -lt torr (2 sioutes) after nhich tlDe
,rerrure rr! incrcaled Dy -5 torr for 2 linutes to
. larirur ol -100 torr or uotil Dre-syDcoDal
coDdition! occurr6al,

PETER, B. RAVEI.I AND GLM] H. STE}q{S

TEXAS COLLEGE OF GSTEOPATTTIC MEDICINE
DEPARI},IENI OF PIIYSIOTOGI
35OO CAI'IP MWIE BCT'LEVARD
EDRT wORTtt, IIXAS 76107-2690

tll l,Bf,P Drocealurer rrre Dgrforreil at the lue
bieDt roor terperrture. LBIIP rr! Dcrtorned at a

tirc rtreo ruDjectr rers rt l€alt 2 bours Dost
Drrndlrl aDd free tro! Dhylicrl activity or sry
!thulaDt! !ror thr Dreviou! 12 bours. Silce
ettrlDeou! tutcfe tetrriotr h!! beeD rborD to augleDt
bl,ood Drerrur€ and otfsct the decreale iD btooit
Dre!!ure auri!C l,EXp (20) electrolyogrrt! xererarrured iD th€ legr rld abdoreu uiiag surtrceelcctloilet tnd tie lubject ra3 requelted toltiDtri! I relar.d !t!te. ID rdditio!, asLightloot et rI (11) h.B !ugge!ted th!t IerroiDgeft!ct! crD be itreolyed vith r !tandard LBt{ptol.rrDce tcrtilg, alI subjects underxeDt a LBl{p
Dre-lyocoDal €xDoaure oD a seDa!.te dry Drior to
aDy erDeri!c!ttl exDo!ure9,
Dlrect iDvr!j,ve Deq!ure! ol arteritl Drer!urerecorded fror a tldial c.t[et6r aDd tegiterriD.tion rrt D.!ed otr the folloxiDg criterli.-i
Dreclpitou! decreare ln arterlal blo;d 9re""ui",oDc.- Drelrure btd falleD to 9Ol50; spptors oilipt]ryld,a. tucL as geaertl vealrerJ, - tausea,sro.tiDg rld Dal€ llin color. The catheter ras
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iDserted iDto tbe radial ertery uDiler Local,
aDesthesit (1t lidocaine). L.-hr ID 3.2 cr long
tefIoD crtbeter r.as iDserted iDto the rtdial artery
at the xrirt of the right ar!. the catheter ra5
coDDecteal to r 3terile tubiDg set aDd trusducer
(f,€r1ett Prctard 1280, {altha!, l{A). The catheter
ras leDt Dttent rltb a coDtinuour heDariDized
(2UlrI) sali[e flu8h coonected to a Dressurized
sYster.
curulative strers i.oder (CsI, torr x !iD) tra! ured
as a reasure of toleralce. T[e CSI lras first used
by Luft et al (13) aDd xas delieed by suuing tle
Droiluctr of the duration aud Dressure lagnltude of
each corDlete or Dartial LBIIP sttge. DuriDg the
toleralce testitrg the Ef,c ras obtaiDed by a lead II
recording ald aloDg xith the arterial Drersure
leasurcleatt, rere recoriled on a striD chart
recorder (llarco PhysiograDh, Iodel Six B), 3ee
Figure 2, aDd on-IiDe utiliziDg a DEC (ltltlc-23)
!i!icorDuter.

kElrff

liguro 3 deDictr the ligDiflcqnt iDcrerse ir
absoluts blooil voLute (tls), thrt occurrad due to
tr.lDi!!t. ls there lra tro sigDificlDt dccrerse iD
tot.l body reigbt or leaD bodY n.3a tlele
dift6r.Dce! xer6 rignific.Dtly differont rhether
exD!e!teil iD abtolute leveIs sls, !l/lg ot boily
xeig[t or t1/Ig of ler! body lrs!.

BLOOD VOLUYE ASSESSM'M
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Flgure 2. 'ii:q!+-d
A sample !ecordlng ot otre subJect at termlnatlon ol
the LBNP tolerance teat. Note raDld lall ln radlal
artery blood pre6sure whlch was accompenled by
Iiptlryrda.

DI4OI IOI,UILDITERIItrAT Ioll :

The total blood volu[e aod 91asra yolune of eacb
subject rls obtailed usiDg t[e carbon lonoride (c0)
dilutioD technique ot llyhre et al (1{).
ldliDiltrrtio! ald equilibratiotr of tho C0 xr3
Derforled by h.viDg the subject lie suDine and
breatle ilto i closed systee cortaiDiDg a carbo!
dioxide (Co' ) scrubbing ulit.
DuriDg the first trilute ol breathing, 50 llr of
Dure (100t) c0 yere iDjected into the breathing
ayste!. Ti6 3ubject the! coDti,Dued to breathe into
the lyste! for a! additioDal 10 linutes to al.lov
for equilibrttion of the co bould oD the subj€ct'3
circulatitrg heloglobio (f,D). 5 !1s of blood !.ere
collect lror the aotecubi.tal vein before aBd after
the brerthiDg Droceilure. the blood 9!!Dle8 !.ere
aDalyzed tor heratocrit (corrected) for trapDed
Dla3ra), Eb rld carboxyheDotloDiD (coEb) using a
co-ori.et6r (tD!trulent Lrboratoriea. XodeI 282)
vithio t hour of collectioD.
DIIA TITLYSIS IXD STITISTICS:
the drtr DreleDtoit iD this DaDer exaDiDes Dre-aad
Dost-tr.ioing elfects aDd has bee! analyzed uling
the !tudeDt '1' test fror the Statistical lnalysis
Sylte! (sls). l,evel ot rignificalce vas 8et at
D 0.05.
RESUI,TS
subject characteristicr: TaDle 1 illustrates the
results Ior the Dre-vergus Do!t-8 loatb aerobic
trainiDg Drogra!. Yorrrr rigniticantly iocreased
fror 13.89 .I/lg/rin to 56.91 rl/Igllin rithout a
sigDilic.Dt chrDge in ielEht, leaD boily ras! or
boily surlrce rrea. laxiral Dertor8aoce ti!6 also
ilcrealeal tro! 15.50 rilutes to 18.13 !i!ute3,
D 0,001.

Flcure 3,
ChangeE ln absolute blood volumes (rnl) ol seven
rubJects pre-and Do6t-condltlonlng.I lignilicrDt reductlon in orthostrtic toleraDce

xa! lee! Dost-trriDi!0 rDd is evidelced Dy the
ch.lge ir csl defiaed 13 the Doilt at xhich
r]lDtor! of lipttryda lDd rrpid frlts itr blood
Drerlure occurled lor each iDdividual rDd is
lutrarized iD figure { belor.

LBIIP INDUCED LIPO?TYIIA

(pr.-) (Fd-)

F'lgure 4,
Changes ln indlvldual (.) and mean ( ) orthostatlc
tolersnce prlor to and lollowlng the condltlonlng
proSram.

Di!cussiop
The data obtaiDed ir these experile!tr clearly
ch.llenges the Dotion tbat aerobic exercise
trriDirg ha3 oo etlect on orthostatic tolelaDce ({,
5, 1, l2t. FurtherDole, although based uDon a
lilited DurDer ol gubjects the ideE of a geoetic
rurceDtibility to ortholtatic iotoloraDce that i!
Dot liDlcd to a rDeci(ic disease eDtity rust De
questiooed, Cle8rly thc colfutiou Dre3eDt in tho
Ilterrture todry ir a result ot di!ferj,Dg
rDDrorctes to aDlr.ering tbe batic question.
TrainiDo lodes ald length ol training are larledly
ditle!e!t betree! the pre!eot iDvestigation and
thlt r6Dorted by other8 (5, 1?). specific
phyriologic adaDtltio!! rry have occurred rithin
the blood Drorsure regulatiog gyrte! over the 8

toDth! ol trti[iDg, rhich i.re not Etni.fe!t i! the
8 ilry (6), or 10 roel (12) tr.iDi[g ltudi,es
reDorted DreYiou!ly.
Io rtteDDting to exDlrio these divergent relults re
DroDolo tro Dossible rechrnisls r.hich are firlly
ba!.d uDon the ideas of 8lolqvist (1, 2). Iu 1985
Blolqvilt (1) ideDtilied tto DrinciDsl lechanis!!
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ol cliricrl ortiortrtic htDoteDlLoD thels bciDg:
1).boorrllly lor ceotral hlDovol{ia; aod
2,h.dequrto crrdlovalcuhr ragulrtory re3poD3e!
(or trt?oadralargic resDosros) .
Er!€il upo! ti. blood volules of c.ci iDiliyiilual the
DrGleDt stuily aDd thore obrerY6il i! our previou!
rort (1t'21), ro ruggert tiat tie lor tit suDjects
( ({0 rl 0r /Iglriu} , rero iDtravrscularly
ht?ovol6ric rDal rer.rller Derlorr exDoseil to ricro
'!' eDyirolrelt!. subr.queDtly, iluriDg 1-29
rtrels€! the caDtrrl htDoyole.ic  erson rarifeltt
at lrvirg Door ortLottatic tolelrlca. rD coDtraat,
tio iigi tit ruDjectr ()55rI 0tllclalD) are
ccltr.lly tyDcrvoleric rld lrve att€lurted
ragulrtory rerpooror ituriDg 1-2 g ltreaSet bectu3e
ot oither (r) d.cre.red atIcrGDt iotonatio!; (b)
btroreceDtor relettiDgi or (c) eril-orgt!
rdrDtrtiolr. ReclDtly, re (18) .Dd otherB (15,
17, 23) haye idertifled sigrilictDt ilifferelcos iD
DrrorscGDtor tunctioD iE high fit cotDared to lor
tlt subjectr,
ID surnlly, re proDore that tbe diyergeDt drta
coBcarriDg tba role ol rerobic exorcile traitrlBg o!
ortho!tatic tolorlDce are ioileed colpoleDt Dart3 of
th. blood Drerturr regulatory ly3ter as a rhole,
rhich ha! a biroiltl ilistribution of rurceDtibility
to ortLortrtlc byDoteDrioD Drobrbly related to
ccrtral hyDovol€ri. aDd ceatral hyDervoleric
i!iliviAu!lt.
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XICROCO}IPUTER' BASED XOIIITORIIG OP
CARDIOVASCULAR RESPOXSES TO XICRO'
GRAVITY SIIiULATIOIt (-7 DTCREES EDT)

E.Lensiroies, K. Tahvarainen, M. Menty -

saari, J. Har t i ka inen, T, Rarki and
P.Tikkanen

active orthostatic test
passive orthostatic tes! on a tilt
table (froB supine to 70 deB head-
up tilting)
microgravity sioulation teats orr a
Eilt table (froD 0-c to l -C and
froD l -C to 0-G)
srudy at rest in differetrt body
positions
deep br€athin8 test
Va 1s a 1va Eanoeuvre
6ustained handt rip test
pharnacological interventions
(phenyleph!ine, at rop ine and
nitroBlyce!ine tes ts )
BentaI arithlnetics test

In each rest a total acquisition tiioe
of 60 seconds is used and the subject
i.s holding the finger irith pressure
oonitoring at the level of the heart.

(A) POSTURAL CHANGES

To monitor the beat'to'beat inierval
(RRI) changes or fluid shifts (blood
pressure chanSes) bet!reen the upPer
and lorrer body parts in pos tura I
!ests the subject Doves fron supine
to standing posture (active ortho-
static test) or the subject is ooved
froD supine to 70 degaees standing
posture (passive orthostatic test)
using a tilt tab1e. To sinulate acute
he60dynanic responses to seight -

lessness, the subject is moved on the
rilt table from 70 degrees (l-G) to
-7 degrees (0-G) (HDT) or vice versa
(HUT).

(B) STUDY AT REST I}{ DITFERE}{T BODY
POSITIONS

To evaluate heart !ate, RRf and blood
Pressure variability at rest o!
stationary conditions the subject
either is breathing spontaneous 1y or
controlled irith a constant frequency
(0.2]d2 cycle) and tidal volune
(Medikro 101 sPiroEeter, Hedikro 0y,
Finland).

Department
Urive!sity
P.O.Box 2l

of clinicat Physiolo
central Hospital of Kuop
SF-70211 Kuopio, Finland

vc

INTRODUCTIOI{

METEODS

simDle and reliable Bethods for the
evaiuation of carrliac autonoDic function
uere sparae until the 1970'3, shen a nen
generation of siDple bed'side tests uere
introduced. These tests are baseil on
cariliovascular reflexes to different
siople Ioading situatiorls neasured as
changes of heart beat intervals (R_R
intervals) and blood P!e56ure The nost
uidely used tests are the Valsalva
Eanoeuvre (Levin 1966), the deeP
breathing test (Wheeler and lratki.ls
1977), the orthostatic test (Drischel et
a1. 1963) and the isooetric hand Srip
test (Er,ing et a1. 1974).

The airo of this study uas to develop
and test an integrateil eicrocoEPuter'
based systeo for the evaluation of
cardiovaacular resPonses to Dicro_
Bravity siDulation anq classical
iardiovascular autonooic function
test5.

Hear! beat interval (R-R interval,
RRI) evaluation is baseil on a soft'

techni
systol

QRS

9ue
detector (Datched filter

). Beat_to_beat arte!ia1
(SAP). mean (MAP). diastolic

(DAP) aod pulsearterial pressure (PP)
are alefined thereafter in each R_R
in!ervaI.

ECG afld continuous blood P!essure
signals (non-invasive and/or invasi-
ve, were sinultaneously obtained I.,ith
a samp l ing I !equency of 200H2 us in8
an IBM PClAT conpatible Eicrocooputer
(IIEDIKRO AT, Hedikro OY, Finland)
equipped !rith afl L/n converter
(iT2-8r)l-A, Data Translation rnc.,
UsA). Non_invasive arterial blood
Dressure siena I $as measured fro0 a

iing"t by vlscular unloading nethod
(FIiAPRES, ohEeda, rnc., u.s.A.).
ire""u.e calib!ation, data acquisit'
ion and analysis uere Perforoed eith
a dedicated. interactive softuare
packaBe (Medikro CAFTS, Medikro OY,
Finland).
The softldare Package (CAFTS Cardio_
vascular Autonooic Function Test
Svste6) includes procedures l.'ith on_
line help f o'r lhl follo!,ing
cartliovascular autonooic function
tests:

In the analysis of a stationarY
stutly, Deao heart rate, RRI, SAP,
HAP, DAP ard PP are defined. Ir
addition, range and stantlard deviat_
ion of R'R intervals and blood
pressure value6 are deterEined. To
ivaluate the frequency content of
RRI signal and both sYstolic and
diastolic finger blood pressure, a
porer spectral estiDation is perforo_
ed using AR Bodeling, FrequencY
spectruB ia divided into three
fiequency bands: loIJ'f re quency (LF)
band at DC_0.07H2, dediuE_frequency
(Hr) band at 0.07H2- 0.15fl2 and high-
frequency (fiF) band at 0.l5Hz'0.5ofi2.
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Total Dover (variance) of RRI'3, SAP
and DAP are calculateil and valiance
is divided into the three spectral
bands. In additioa, MF/HF rati.o for
RRI, SAP and DAP spectral estinate
are defined expressing syEpathetic/
Pa ra s yioPa t he t ic balance.

(c) VALSALVA XATOAUVTf,

To perforB. a standardized valsalva
Eanoeuvre in Bitting, supine, -7
degrees, 7O deSrees or standint
poaition, the subject bloes against
the pre6sure of 40mr0Hg (5.3kPa) fo!
l5 seconds uhile contiIluous ECG and
finger blood pressure are !ecorded
rrith the oicrocooputer. care is taten
that the glottis is open and that the
subject does rIot bloU Uith the cheeks
thus ensuring transEissi.on of the
expiratory presaure to the chest. The
test is usually carried out three
tiaes aod betr,een each oanoeuv!e the
3ubject restB at least Ior one
dinute -

In the analysis of Valsalva hanoeuvre
the RRI's and arterial blood pressu!e
values during the test are defined
and the valsalva ia!io i.s calculated.
The valsalva ratio is defined as the
ratio of the longest RRI shortly
af!ea the strain to the shortest RRI
during the st!ain. In selecting the
oaximal and Dinioal RRI's the in!er.
vals associated ri!h predature beats
are excluded. In additio'l, the long-
eEt RRI is selected $ithin four beats
froE the naxinal. blood pressure value
detected after the strain. Baroreflex
sensitivity is detined as a ratio of
the daxiEal RRI chanSe to the oaxiDal
change in sAP af ter the expiratory
strain,

tuorio l'lni€oritg Csntt.l $osrihl
Deprltiit ol Clinlcil llllflololy
i.{lbo CnfiS (c) l$9

trtbit,....,. Hlon&t Andg

ID r]lL!.,.,, ,1&S- nslm J lfz
!.h I 11.... Btl-1989 15:38

Inu -? Dxrls I0 ?, Dtsx$s tosltl0ti

Ia

fili ?l DE txs t0 -? Dmtss Posftflt

1b

luaio lhiu.riits e'rb.l karihl
tr parhart d Clirlcrl PlrFlology
Itdilq! SIIN (c) 1S9

RESULTS

An exanple of acttte chanSe6 in RRI
and fiflger blood pressure
table experioent, t,he re
nag noved fron -7 degrees
70 degrees ( l -c) positiorr
ed in Fi.g.la. In Pig,1b. t
ua3 tilted 14 6inutes Iat
to 0_G. A Darkedly greater
RRI and blood presgure can
ed in fig.lb. Maxinal RRI
685os in l -C to 0-c post
$hen coopared to l56Es in

Pig- 1. : Acute RRI and blood
response to 0-C-)l-G (a) and
0-G transirion (b) in a
subject. Po6tural change atfroD the start ( even vertical

in
the
(0-
1A
he
er

ch
be

cha
ula
0-c

a tilt
6ubject

C) to
describ-
subject

f106 l -c
ange of
obse!v_

nge ra3
I change
to l-c.

PtesSurel-c->
hea I thy
l5 sec

line).Power spectral estioa!es of RRI, SAP
and DAP signals are desc!ibed in
Ei8.2a. in 0-c (-7 degrees) and
Fig.2a. in l-C (70 d€grees) position.
The subject was breathing Uith 0.2H2
f requeocy and a clearly doainaIlt
vagal tooe ia seen in 0-G, r,hereas in
1-C 0.1H2 oscitlations becode clearly
oore apparent a9 a sign of increased
sydPathet ic tone.

l.li!ri.,,.,.. A.t ll rt trag
ID uL!..,.. 1169 isn0$U.l!01
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Pit.2. i Porer spectral estiEation
of RRI (upper parels) aDd SAP (1ower
left) and DAP (1ower right) in 0-G
(a) and in l-e (b).

rrtlSttrrt lltll0[UUI[ ( ?0bsr..r )

3b

Pig.3.: RRI and blood plessure
resPonse to valsalva [ranoeuv!e in
0-G (a) and io l-C (b).

DISCUSSIOX
R-R interval and finger blood pres -
sure to a statldardized Valsalvaoanoeuvre is described in Fig.3a. in0-C (-7 deSrees) and in Fi8.36. inl -c_ (70 degrees) body |osition. rmarkedly greate! decrease of finserpulse-pres3ure is observed in fig.5U.rn I.G position.

The role of autononic nervous
regulat ion in ci!culatory adaptation
Eo gravitational change6 is an
essential part of space research.

The non- irlva6ive systeo described
(Nedikro CAFTS) is designed for bed-
side evaluation of autolrosic control
of heart rate and arterial blood
pressure. It is a Denu-driven IBM pClAT
based coBprehensive evaluation system
r,ith on- 1ine help for clinical' andresearch probleD6 involved to cardio-
vascular autonooic function and
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dys function. The 6ysten includes
evaluation of heart rate and blood
pressure variability both in time
dooain and frequency domain (power
spectral analysis).
Sone of Itedikro CAFTS applications
include:

evaluation of heart rate and blood
Pressure re sPons e to s i0ulated
microgravity
beat-to-beat evaluation of orthostatic
hypotetlsion

Levin A.B.: A sinple test of cardiac
function based upo11 the heart rate
changes inaluced by the valsalva Ban'
euver. Am J ca!diol 1966; I8:90-99.

I'lheeler T
nervation
584-586.

and wetkins
in diabetes.

P.J
Br

.: Ca rd iac de-
Med J 1973; 4:
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eva lua t ion of autonodic neuroPathy
(e.g. in diabetes and Parkinson
disease)

evaluation of baroreflex sensitivity
in hypertension antl after 6yocardial
iafarction us ing int ravenous
phenylephrine test

d rug interventions
evaluation of heart rate and blood
pressure respoose to Deotal loading

The preliEinary data obtained by our
Sroup ifldicates that vagal ard
sympathet ic changes occurring rluring
tilting f!oD l-C to 0-G are not just
reversal ,hen coDpared to the changes
in tilting from 0-G to l-G. The tsore
drastical changes of RRI and blood
p!essure nay be partly explained by the
passive manoeuvre of tilting vithout
(ouscular eflort fron l-G to 0'G.

Po!,er spectral approach to the station-
ary signals in different body positions
gives a deeper insight to the basic
regulatory Dechanisns. Increase of
variability in the HF (parasyropatheti.c)
band indicate. an increase of vagal tone
rn u-G.

To assess adaptation to gravitational
stress, a battery of cardiovascular
tests included in the systen described
Day provide 'ret. inforDation of the
probleo.
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THE EFFECT OF LBNP (LOWEB BODY NEGATIVE
PRESSUFE) ON LOWER LIMB CAPACITANCE VESSELS

DURING A 30 DAY -6. HEAD- DOWN BEDREST.

F. Loulsy, C. Gaudin, J.M. Oppert, A. ciielland C.Y
Guezennec.

Centre d'Etudes et de Recherches de M6decine
A6rospatiate

5 bis, avenue de la Porte de Sdv.es
75731 Parls Cedex 15 - France.

IMTRODUCTION
The response of lower limb capacitance vessels to

mlcrogravlty is thought to be one of the determining factors of
the o hostatlc lnlolerance syndrome observed in astronauts
when they relurn to earth (4, 8). We studied the leg venous
distensibillty of slx subiects exposed to -6'head-down bedrest
with ttvo oblecllves: 1)to test the valldity of,6'head-down
bedrest as a ground model to simulate the effects of
welghllessness on lorer limb capacitance vessels. lndeed,
lncreases in leg venous dlstensibility have been reported
during spacetllght (8) but it ls not known wether a long-term
bedrest acts as long-term spaceflight 2) to test the etfect of
LBNP on venous dlslensiblllty changes. ln facl, during
spacefllght, LBNP ls used as a countermeasure agalnst
cardlovascular decondltloning (5). The question is r does the
preventlve actlon of LBNP depends on a specilic actlon on the
lower llmb capacitance vessels ? Thls hypothesis would be
verified il lqryer llmb venous tone is controlled by neuro-
adrenerglc mechanlsms. Thus, this experiment would provide
a better understandlng ol venous tone regulation in the legs.

UATEBIAL AND METHODS
Leg venous dislenslbility was assessed by strain gauge

plethysmography with veno6 occlusion (3, 9). Thls technlque
consists in measuring leg venous volume changes at dlflerenl
levels of counlerpressure applled at the rool ol the lower
limbs.

AV ma(

The nalure ot the plethysrnographic slgnal ls the following
(flgure 1) : wheo a glven counterpressure is applied on the
thlgh, calf volume increages rapldly because of lhe cessatlon
of venous outflo, and the malntenance of arterial intlow. After
a Iew mlnules, call volume reaches a plateau as venous
pressure equals cuff pressure. By deflating the cuff, calf
volume decreases towards the initlal value and the total
chaoge ln calt volume represents the volume ot emptying. lt is
expressed as Avmax (ln millillters per 100 millillter of tissu). lt
has the value of a venous capaclty i.e the maxlmum quantity
of blood which can be contalned ln the leo venous neirvork at

the consldered counterpaessure. lt therefore measures the
distenslbiliry of the venous network at a glven
counterpressure. lf cutt pressure ls successively lncreased to
25, 30. 35, 40, 45 and 50 mmHg, slx dlf.ferent Avmax are
oblalned- So. under these condltlons lower limb venous
distensibilily is measu.ed between 25 and 50 mmHg.

The glx subjects underwent twice the bedresl experlmenl
with a one-year interual, once wlth LBNP used as a
countermeasure (LBNP group), once wlthoul LBNP (control
Oroup).Thus throughoul the entire experiment we had slx
subiects in each group (LBNP and control), each one being
his own confol.

When LBNP sessions were programmed, the protocol for
its application was the following : three daily exposu.es to - 35
mb for 20 minutes durlng the first three weeks of bedrest;
du.ing lhe fourth week, two protocols were applled i.e four
daily LBNP exposures at - 35 mb for 20 minutes for the lirst
four days and slx dally LBNP exposures at - 35 mb for 20
minutes tor the last three days. Hean rate. systolic and
dlastollc pressures were monitored during each LBNP
exposure.

For each subiecl, leg volume changes Avmax were
measured lour tlmes during a bedrest session- The first
meagurement (control = Dc)was madefour, six or seven days

befo.e the start of bedrest. Other measurements were made
on the 6th day (06) and on the 20th day (D2o) of bedrest, and

on the sth day ot recovery (D+ 5).

RESULTS

,.<
I
I
I

i
I
I
Jl.

+

Floure 1. Varlatlons in signal in leg volume obtained by
mercury staln gauge plethysmography. Avmax = volume of
venous emptylng.

Flgure 2. Evolutlon ot Avmax during bedrest (Dc, 06, D20,
D +5)al ditferent levels ol occluslon counterpressure (2S, 30,
35, 40. 45 and 50 mmHg).
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Mean resultg of venous capaclty meagurements are

presented ln flgure 2 that thows lhe changes ln Vmax belore
(oc), durlng (D. and o2e) and atter (DlJ bedreel lor each

counterprossuro applled to the root ol lhe leg (25, 30, 35, 40,

45 and 50 mmHg). Doned llnes connect mean values of

.Avmax in the conlrol group. solld llnes connect mean

values of Avmax ln lhe LBNP group. Bolh in conttol and LBNP
groups, there 13 a signltlcant dlfference ln venous capacity
values dependlng on tlme and lhls ls true for all

countgrpressures (the p of ANOVA for comparlgon between

days ls lower than O.OO1 at all level ol couhterpressure).
Compared to the control value, a gradual lncrease ln lymax is

observed durhg bedrest. For lnstance, ln the LBNP group, al

25 mmHg, to. .Avmax (ml.1OO ml-1) = 2 67 1 0.71 on Dc,

AVmo( = 2.85 :t 1.19 (+37.7%) on D6, 3.75 t t.74

(+81.2%; p < o.o5) on o20. ln the control group, Avmav =
2.11 t 0.54 on Dc, 2.69 I 0.29 (+27.5%) on D6 and 4 39 t
2.08 (+ 108.1%; p < 0.05) on D2o. On the sth day of recovery'

venous capaclty values had practlcally returned tg baseline :

Avmax = 2.43 t 0.94 on D+5lor the LBNP group and 2.39 t
0.69 on D*s for the control group (p < 0.05). No slgnlllcant

LBNP effect was observed : the p value lor the ANOVA test ln
comparhg LBNP and controlgroups ls hlgher than 0.05.

DrscussroN.
The flrst flndiflg ln this experlment ls that head-dorvn

bedrest at -6'Increases the distenslbllity ot capacltance
vessels ln lhe lower llmbs. Thornton and Hoeffler (8) reported
lncreased venous capacltles at 30 mmHg couterpressure ln

Skylab 4 astronauts. The6e lncreases were respectively 2.1,
5.3 and 7 ml.l00 mi-1 for the commander, the pllot and the
scientlst on the 15th day of fllghl. They were nol very dlffe.ent
from mean resulls obtained ln our sublects on lhe 20th day ot
bedrest (4.27 i 2.5 ml.1OO ml-1 tor LBNP sublects, 5.05 I 2.19
m1.100 mf1 br confol subjects) at the same counterpressure
of 30 mmHg. Bedrest can therefore be consldered as I good
model to slmulate lhe etlects of microgravity on the venous
hemodynamics of lower limbs. The second tlndlng ls that
during exposure to head'down bedrest, leg venous capaclty
changB are not gtatlstlcally dlllerent when LBNP and control
groups are compared. Thls means lhat LENP seems not lo be
a good procedure lo counteracl the sdverse etlects of
welghtlessness on venous dlslehslbilily. Such a llndlng could
be explained by the tollowlng hypolhegls : at the level ot
counterpressure used, transmural pregsure across the vein
must regult in stretchlng of venous trall. As was stated by
Buckey and Coll. (2). the velns lnvolved ln thls response are
predomlnantly the deep velns that comprlse the majo.ity of
lhe venous volume of the legs (85%). These velns are thin-tyall
condulis wlth llnle lntrlslc smooth muscles 8nd sympathetic
lnnervatlon, and the response ol such vesselg to
plethysmog.aphy or to any orthostatlc stlmulus should be
more dependent upon the surrounding somatlc muscles than
upon cardlovascular reflexes lnvolvlng neuro-adrenerglc
mechanlsms (6, 7). Thus, our interpretallon ls that the
lncrease in venou8 distenslblllly duing exposure to real or
slmulated welghtlessness Is determlned by surrounding
muscles that are known to ahophy and lose thelr tone under
lhese condltlone. Probsbly the iack ol slgnillcant ellect ol
LBNP on vonous dilallon could be explalned by lts inablllty to
act on muscle tone considerlng that one of lls protective
actlons ls to preserve the sympathetic nerve acllvlty in gmooth

muscles of the vascular wall (1, 10).

2. Buckey JC, PeBhock RM and Blomqulst CG. Limb
compllance by NMR:deep venous conFibutlon to volume
changes (abslract). JAQq 5 (2), 537, 1987

3. Kenney LW and Armstrong GC. The eftect ol aerobic
condltlonning on venous pooling in the toot. Uefl-.lloll$pad!
Exerc-, 19 (5), 474 - 479. 1987.

4. Panterova NY. Vascular tone ln dhtferent parts of the body
during prolonged restrlction of muscular actlvlty.
Kosmlcheskave Blol i Med. ,6,71- 79,1972.

5. Peslov lD and Asylmolov BF. Negatlve pressure on the
lower pan ot the body as a method lor preventlng shlfts
assoclaled wllh changes ln hydrostatlc pressure.
Kosmicheskaya Eioli Med., 6, 59 - 64, 1972.

6. Pollack AA and Wood EH. Venous presgure ln the
saphenous veln at the ankle ln man durlng exercise and
changes ln posture. i-ADdEIyglOL l, 6,19 - 662, 1949.

7. Shepherd JT. Role of venoconstrlcllon for clrculatory
adiustements to orthostatlc stress. ln r The sympathoadrenal
system, Alf'red Benzon Symposium 23, Eds I Chrlstlensen NJ.
Henriksen O and Lassen NA, Munksgaard, Copenhagen, 103 -

105. 1986.

8. Thornlon WE and Hoeftlc, GW. Hemodynamlc studles of
the leg under welghtlessness. ln : RS Johnson and LF Dletlejn
(Eds), Blomedical results from Skylab ( NASA SP - 377), US
Government Prlntlng Otflce, Edll, Washington DC, 1977.

I Whllney RT. Fhe measuremenls ol volume changes in
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ln conclurlon 1) long term head-down b€drest is a good

model lo study lhe adverse etlects of weightlessness on the

capacltance vegsels ol the lorver limbs 2) LBNP aeems not to
be an efflclent me8n of prevenllng these effecB because of the

predomlnant role ol skelelal muscles ln controlling

capacllance of the deep leg velns. As lt has been ghowed
elsewhere that LBNP ls indeed a good way lo prevent
postfllght orthoslatic lntolerance we have to address the
problem of the conlributlon ot leg venous hemodynamlcs to
this syndrome.
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This update hightighrs some of the results of lerent
short-term flight and ground-bascd expcrimenrs that have con-
tributed ncw insight into skelctal adaptarion, calcium metats
olism, and growth processes in 0 g. Afrer 6 mooths in space,
bone demineralization, invariably involving the os calcis (20),
was found not to cxtcnd to fic lumbar spinc in 4 cxqcising
cosmonauts (3). A flight cxpcriment in rhe Spacc Shuttlc crew
has documcnted thc carly evcnts in the calcium cndocdne sys-
tcm during spaceflight (12).

On the ground, brief (<35 rtays) and long-term
(>4 months) b€d rcst studies of healthy volunteers in the head-
down tilt (HDT) model of weighdessness have been completed.
The skeleton of the adult male rEsponds more rapidly to
unloading thar previously recognized (2). Regional changes in
bone density can b€ quantified in only 30 days, are highly
individual, and follow the dircction of gravitational forces in
the IIDT model during inactivity (1). Bone biopsy resuls in
healthy volunteers after bed rest ( I 1 ) differ from resuls in
paraplegics from the samc sampting site (21).

Flight expeliments in Fowing rats rcy€al changcs in the
composition of bone mineral and matrix in the femur posdlight
that were found to be highly regional and suggestive of an
effect of gravity on minenl distribution (10). These obsewa-
tions may be relevant to the rcsults ftom an earlicr CosrDos
flight where artificial gravity in space was found to maintain
bone strength, but not to conecr rhe ndial growth dcficit (19).

GRAVIY, CALCIUM, AND BONE: UPDATE, 19E9 changes in opposite directions (-7 and + I 07o), wcll outside thc
elror of thc tcst.

Sara B. Amaud and Emily Morcy-Holbn
Life Sciencc Division, NASA Amcs Research Center

Moffctt Field, CA 94035-1000
Calcium Endocrine Sysiem

To identify factors that could have contributed ro the
change in lumbar spine minqal in 2 of 19 subjects, we exam-
ined the diet and a vlricty of parametets known ro influence
bonc metabolism. Table I enum€rates the values in thcse two
subjecs beforE and after bed rest. Figlres 2a and 2b illustrarc
changes in circulating homronc concenradons that may be
rclatcd to thc alteration in lumbar spine density. None of the
values exccpt for serum parathyroid horaone (PTH) reached
values outside thc normal range. Combined increases in serum
PfH and weight toss (4) favored decrease in lumbar spine min-
eral; the opposite changes were associared wirh an iflcrEase.
These data are consisrcnt with the known effecs of PTH to
enhance bonc resorption. The prccise role of serum 1, 25-
dihy&oxyvitamin D in the change in bone minelal content is
not clear.

Thc early response of the calcium endocrine system in
4 astonauts was documented in serum obtained before, during,
and after 7 days in ipace on the SL2 mission (12). The pub-
lished data are summarized in Fig. 3. An increase in the vita-
min D homone, l, 25-D, within thc fust 36 hours of launch
was the only significant change, although trcnds rcward
increases in total serum calcium and phosphorus and decreases
in bioactive PTH wele present in 3 astronauts. Possible expla-
nations for the early inclease in 1, 25-D include penurbations
during launch, transient lack of dietary calcium associated with
space modon sickness, a nonspecific stimulation of lenal
1-alpha hydroxylase coonecred with fluid shifrs, or a specific

Mineral in the Lumbar Spine

Ever since Kmlncr and Toft reported a rcduction
(-3.8%) in the averagc density of tie 2nd to 4th lumbar ver-
tebrae following therap€utic bed rcst in 28 patients suffering
from prolapsed intewcrtebral discs, there has been some con-
cem that venebrac in bed rest subjecs and space traveler may
dcmincralizc (7). Fonunately, no significant changcs were
observcd by Drs. Cann and Oganov, who used quantitative
computer romography to quantify thc mineral content of the
body of thc 2nd lumbar vertebra of 4 cosmonauts beforc and
after 6 months i[ space (3). Thesc data have not complctely
erased the concem of osteoporcsis in the lumbar spine because
the Cosmonauts exercised daily.

Ncvenheless, nonexercising bed rest subjects have also
failed to show reduced bone density in the lumbar spine.
LeBlanc et al. found no change in the density of rhe 2nd
through 4th lumbar venebrac in 5 of6 subjects aftcr 5 weeks of
bed rcst (horizontal); one showed a 37o dccrease (8). Oganov
et al. rcponed average igg1gg595 to 12.6% in densiry of the
spongiosa of thc lumbar vcncbrac of 3 bed rcst subjecrs after
120 days in a -5'head-down rilr position (HDT) (14).

Wc us€d dual photon absorptiomctry to measurE the
density of thc 2nd through 4th lumbar venebrae beforc and
after 30 days HDT (-6'). Subjects wele paflicipating in a study
designed to tcst the effect of isokinetic and isotonic exercise on
onhostatic tolerance (5), Our results, shown as perccnt change
in the histogram in Fig. l, revealed no differcnces in l7 sub-
jects, irrespcctive of the exercis€ goup. Two subjects showed

't0 10

Mid.Radius
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Figure L Perccnt change ill densiry of thc lumbar spine and
mid-radius of 19 men rcferenccd to each subjects basal
level (0). DisEibution was not affected by exercise
(isotonic = T, isokinetic = K, no cxercise = blank). The eror of
the tests arc indicated by the bars, 
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Table l. CompadsoD of clinical dala in two exerrisinS subjecb who sho\red opposite changes in
lumbor sptre densily 8fter 30 days headdou,n lilt bed re'et.

Analysis of'by J. Gr€€nle3f, by R. Marcus, c by C. wade, by R. Williams, and cby M. Powell
rAbove &e normal ran8e.
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Figue 2. Change s in some pammete$ of calcium homeostasis, referenced to pre-bed rest leve Is,

in subjcct A (a) who showcd an increasc, and subject B (b) who showed a decrease in lumbar

spine density after 30 days bed rest. Of interest, both subjec6 perfomEd isokinelic exercise for

30 min twice daily (5).

Studv dav. from lst bed resl dav

B

4 2:t -5 27

ABe, )e-ars
Weighl, kg
Height, crn

Plasma volumq' mvkg
Body faqr %

S€ruo
Toral calciurn, mg/dl
lonized calciun, mg/dl
Tot l prorciD, Edl
Phosphorus, m8,/dl

Pamthymid homoDqb pg/inl
t, 5{ihytoxyvitamin D, pgtorl
Conisol,c ug/dl
Testostoronc,c rol,l, n&lml
Testost€ro&,' fr€e, nglll

Urine
Crattilile cleirarcr, ml/tninn.73rE2
Calcium, mg24 hr
Hy&oxypolin€, mg24 ht

Diet duriry stdyd
Cdories, kcal^g
CslciuG rB
Phospborug mg
Sodiuo, m8
Proteiq g

Bone densilyc
Radius, g[Vcrn
Lumbar $inc, L2-4, g[Vcm2

42
68
t7t
46.3

7.7

9.1
4.m
7.2
2.O

m
l6
16.9

882
?5

\28
229
2l

42
1281
1816
5756
117

1.304
1.175

u
17

68.6

40.5

8.E
5.m
?,0
3.2

t7
31
15.6

123
165
15

45
139E
1959
5941
I9

1.311
1.D3

3',1

83.8
183
48.2
8.0

9.9
4.8t
1.2
2.3

u
95
871

22.2

108

182
36

34
12]4
1883
5615
114

1.422
1.875

59*
28

82

39.9

9.E
4.96
7.2

44
30
l1.3

116

30r
42

.8
1431
NM
5916
119

],434
l.125

I I

I
I

s66



lJndetectable

Flight

Figulc 3. Mean values (tSE) in the serum of four asEonauts
obtained I week b€fore, during, and rhe fint we€k afrer launch
(L) ofa Tday shuttle spaceflight (SL2) (data replotted from
reference t3).

responsc in vitamin D mctabolism to a change in a biomechan-
ical stimulus originathg in bone or musclc. Differences in rhe
values during the fiIst 24 hous did not seem ro affect 7-day
values, which are in the direction of bcing lower, but arc nor
differcn! ftom prcflighr values. The imponant contribution of
these few samplcs taken during a flight is the preliminary
knowledgc that biologically active PTH, undetectable in serum
after 36 houn in space, was not increased after 7 days, nor was
1, 25-D. While cxcesses of scrum PIH cannot be responsible
for thc carly mobilizadon of bone calcium, transicnt increase in
l, 25-D may be.

The abovc shon-rerm dara in flight differs from the
resuls of a 7-day HDT srudy conducred at Ames Researh
Ccnter, in which no changes were found dudng rhe filst
36 hou6. However, aftcr 7 days, thc trends to lower serum
PTH and l, 25-D in flighr and on rhe ground were similar (l l).
The long-tcm Sovict bed rest study shows changes compatible
with parathymid hyperplasia with increases in serum calcium

and PTH (cspecially after 49 days), suggestive of differcnccs in
early and late responses in thc calcium endocrine system (13).

Of inteEst, in the Sovict bed rcst study, were early
increases in serum levels of calcitonin, an inhibitor of bone
rcsorption, thal gradually decreased o lower than basal levels
after 3 months. Givcn the vadations in both assay methods and
bed rest protocols, thc status of thc calcium cndocrinc systcm,
at least, after the f,irst week in space or bed rest in heal6y indi-
viduals, rcmains uncenain.

Bone Momholoey

If newer concepts in the role of PfH and l, 25-D in thc
processes of bone remodeling are corr€ct, i.e., that I,IH gov-
ems thc differentiation and number of bone cells, and l, 25-D,
ceu acdviry (9), the pattem ofcirculating hormone levels from
the Sl2 mission suggests the following early sequeoce of
evens: enhanccd mobilization of calcium from bone rclated to
the inqease in l, 25-D followed by suppresscd mineralization
in unloaded bones aftq a few days, with no increase in thc
number of osteoclasts or osteoblasts. Standard post monem
examinadon of some of the bones of 3 Cosmonauts after
28 days in spacc showed normal histology, fewer vascular
channels thar a control sample, and somc increase in thc
porosity ofthe femoral epiphysis and diaphysis, but not in the
rib, venebrde, or ca.lcaneus (16). Jowsey's analysis of thc iliac
crest of patiens aftu 4-17 days horizontal bed rcst for condi-
tions uuelated to the skeleton, demonstraled reduced bone

formation and no difference in the extent of rcsorption surfaces
from normal in I I of 14 paticnts. Cell counts are not in the
repon (6).

Following a 4-month period of bed rest in 3 healthy
Soviet voluntecn, Vico et al. found a two-fold increase in
rcsorption surfaces, no incrcase in cell number, and reduccd
bone fomation rate in specimcns from the iliac crest (21). A
puzding obsewation was no rneasurable change in the volumc
of bone in hcalthy bed rcst subje{ts, unlike paticnts with
paraplegia ( I I ). That thc normal subject shows changcs in sur-
face moryhology indicativc of bone loss with no apparent
diminution in volume at the two-dimensional level, suggests
somc form ofcompensation in microarchitecture. Either stan-
dard measurements may not be sensitive enough to detect
losses in volume or other measurements involving the three-
dimensional structure of bone, not usually done, may be needed

to show how normal subjects maintain bone volume.

Gravity-Dependent Cradients of Mineralization

Comparison of thc inqements in whole-body calcium
of rats exposed to 0, 1, and 2 g rcveals accumuladon of bone
mineral direcdy rclated to thc gravirational forcc (15). The
mcchanism of this acquisition of skelctal mineral must involve
systemic as well as local processes. The cardiovascular system,
whose gencral structwe is oriented in the direction of $avity
and where blood vesscls, flow, and volumc are known ro differ
at the local bone level in active and inactive individuals, is the
most obvious candidate to influcnce bonc mass.

Until rccently, howcver, there werc no data that sug-
gested that there was a generalized cardiovascular effect on
bone or that a shift of the hydrostaric column of pressure with
changes in posidon, was associated with changes in bone min-
eral. In the tail-suspended rat, Roer and Dillaman found thc
expected decreasc in ash in the bones of the unloaded lowcr
extremides, no change in the humerus and ulna, and
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imponantly, an inqease in bonc ash in rhe skull (17). By dual
photon absorptiomen'y, rhe density of the head region of adulr
bed rest subjects was found to be increased an average of l07o
after a 30-day HDT study (l). These two studies suggest a
gravity-dcpendent distribution of mineml in thc whole skcle-
ton, which may bc a function ofchanging pressurcs, fluid flow,
or volumc in the cardiovascular system in rcsponsc to charge
in position.

During the Cosmos 936 mission, centrifugarion in orbir
p€rmitted comparisol of the effecrs of gavity on the suength
and growth of thc femur of young rats in spacc ( I 9). Rats
trcatcd with artificial $avity showed the same increases in
dcnsity and stengrh during the l8.5day flight as ground con-
trols; howcver, the growth defect was no! imprcved. Spengler
et al. attributed fie gowth deficit to poor adaptadon of the rats
to the short-arm ndius centrifuge and concluded that centrifu-
gation normalized material prop€nies, i.e., quality, but not the
quantity of the femur. These paradoxical findings following
anificial gravity could be explained by rhe rccendy observ€d
Iinear gradicnts of mineralizarion in the diaphysis of rhe femur
(10). At I g bone mineral concentration was lower in the distal
than in the proximal diaphysis of thc femur of rhc l4-week old
rat, a dispariry that persists in flight, but tends ro disapp€ar by
16 weeks on Eanh. Becausc of rhe logistical problems con-
nected with thc lEET flight where these diaphyseal gradients of
mineralization wcre observed, and because the resulrs differ
from our expeckdon that mincral deposition prcceeds fiom rhe
ccnter of a gowing bone proximatly and distally, confirmation
of this observation is needed. Collectively, all of rhe above
studies rcveal an imponant connecring link berween gravity,
per se, and bone mineral distriburion and deposition, most
likely rclated to lhc cardiovascular system. The interaction of
what appear to be gravity-dependent gradicnrs visible at the
whole-body and orgar level, wirh the highly regulated prc-
cesses thar change bone structule at rhe local dssue level in
response to biomechanical forces is not now apparent.

In summary: Advances in recent years have enabled us
to recognize that two pdncipal components ofcalcium
metabolism, the calcium endocrine system and bone, respond
prompdy (within days), ro changes in body position and
weighdessness. Thc vitamin D hormone may be rhe best candi-
date for mobilizing bo[e mineral early, and newly identified
gravity-dependent gradients, probably involving the cardiovas-
cular system, may have a significant role in its distribution at
the whole-body level. These observations have given us a new
perspective oo lhe rcsults of balance studies in healrhy subjecrs

and astsonauts (18,22). During inactivity or weighdessness,
negative balances in bone minerals may bc more direcrly a

rcflection of diets, and alterations in the funcrion of rhe gas-

trointestinal tract and kidney that parallel, bur do nor necessar-
ily derivc from the highly localized activities concemed wirh
thc lcstructuring of bone and redisniburion of bone mineral m
meet ncw functional requirements. These studics imply that
bonc biomechanics arc more severcly affected by spaceflighr
than bonc mass.
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CATECTIOLAIIII{ES IUflING STIORI- AID LOIIG-TERtr{
}EAD{XIII{ BEINEST.

J.I. COTTET-EMARDT, JM. PEQUIGNOT*, A. GUELL**,
L. PEYRIN* snd C. GHARIB*

*Lab. Physi.ol., Fsc. M6d. Lyon Gronge-Blanche
69171 LY0N C6de)( 08, Fr8nce

*CNES, ,1059 ToUL0IJSE, France

0n esrth the standing humans are exposed
to a hydrostatic pressure due to gravity r{hich
cau8ea a fluid shift tovrards the Loner parL of
the body. llhen changing from the standing to
the supine position, the body fluid distrj.-
bution j.s modified and the adaptetion to the
ner position involves neulohorfional
lEchaniams,

Similarly, weightlessness causes a
marked shift of fluids to{arde the upper part
of the body 6nd thus elicits st.ong
physiologicsl alterations which hsve been
Egularty descDibed during the Americon or
soviet sp6ce flights. These alteraLiona
include cardiovasculat deconditioninq, bone
deoi.ne.aliastion, orthostatic iotolerance'
reduced mr6cle cspaci,ty. Furthermore, some of
these effect6 are smplified after landing.

Several simu.Iations of microgrsvity have
been used in order to study these alterstions
and to find countermeagures.

The horizontal or head-down bed.est is a

simple method vri.ch allows Iong investigations
(one month or more) and is 6ble to induce
caldiovascular effecta similsr to those
p.oduced by microgravity. This i9 currently
the most used model

Ihe sympsthetic nervous systeo is
involved in the csrdi.ovascular regulstory
procesEes and in particular is stimulated when
changing from the horizontal to the vertical
position. lt is therefore to be expected that
the sympsthetic nerve activity may be altered
durinq bedrest.

The influence of bedrest on catechola-
mines has been studied only recently Efter
sensitive assays for plasme levels had been
developed, For this reason there are fell
studies and the resulta vary according to the
control positi.on used. 0n1y the dsta relatinq
to humans or to monkeys lrill be discussed here
and vre wi-II examine succeasively the sho.t-
term and long-telm effects of bedrest.

$(nT-TER'I EFFECT (r BOREST -
London et a1 ('1981) found decDeesed

levels of plasna catecholamines after half an
hour of head-down ti.It at -'l0o but the control
values in Bupine subjects sre about 2-, limes
higher th8n thoae regularly repo!ted j.n the
literature. The high level of catecholamines

msy reflect 6 Btressful situotion probably oue
to the sophisticated environment .in this
complex experiment includinq 6 measurement of
central venous preasure. In contrest,
Goldsoith et a1 (1985) fsiled to show any
changes in p-Iasme norepinephrine (NE) afte.
one hour of heBd-down tilt 6t -r0o as compared
to supine controla.

Also du.ing a head-dotrn bedrest (HDBR)

lasting up to 4 d8ys performed in our labota-
tory thele w6s no chanqe in plasma
catechol.emines compared to supine controls
(Pequignot et al, '1985). After thj.s study, we
wondered ,hether if the supine position wee a
good control becsuse the fiaj.n shift of the
body fluids has already been echj.eved during
the change from the standing to the horizontal
positj.on. lt j.s thus possible thEt we over-
locked the expected catecholamine response.

NOSEPINEPHRINE

it
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j

I EPTNEPHRINE

DOPAMINE

i.

)-

i
j

I

:]

I

T\.
a

F{g I Tlme course ol DIasma catecholamlnes durlng
5 hours ol }-a Slttlng poslt,on; .- - -. sup,ne
poslllon; .-. head-down tllt (adapted lrom oharlb
et a1.,1988)

Therefore, in orde. to study the effects
of the control position, Gh6rib et al (1988)
studied the chsnqes in p.Iasma catecholamj.nes
induced by a horizontal bedrest and by a HDBR
(-10"), Both conditions lasted for five hours
and the control subjects were sitting. AE

expected, there vras a rapid decrease in pLasma
NE (Ebout -20o%) during the horizontal bedrest
but intere8tingly the NE feII was si,rj.lar when
the subjects we.e head-down tilted (Fig. 1).
Epinephrine (E) was dimi.nished onty during the
HDBR and dopamine (DA) was not altered.
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LO{G-TEE{ EFFECT (T BEIXEST -AI1 studieB have been pe.formed with
ombulatory control, Chobqnian et sl ('1974)
.eported that the horizontal bedrest (28 days)
elicited € decrease in plssma NE which wss not
significant (Fiq. 2). Sandler et aI (1978)
shorred in women a siqnj.ficant dectease in
urinary NE after 17 days of ho.izontal bedrest
(-a8!%). 1t is worth noti.nq that durinq the
post bedre8t recovery the urinary NE output
was higher th6n in controls (+71+25%).

5U)

:
; 400
A

o 300
E
ata 

200

s
s1@g
oc

0

100

80

50

q

m

dogs

:

c

:
\
s
\
\

o

0r02030{o

0r02030$0

o

o dogc

Flg 2. plasma catecholamines (pCA) durlng a 28 days

hofl zontal bedrest:.-.recumbencyi o-opasslve
tllt lest.( adaoted frcm Chobanian el a1.,1974)

In our labor€tory Cottet-Em6rd et al
(personel data,.'1989) hsve sLudied the effects
of the HDBR 1-5o, 28 dsys). They found a
decrease in plasma NE !{hich did not reach the
of level significanee (Fig. l). The decrease
was of the same magnitude as that reported by
Chobanian in ho.izontal bedrest. In contrqst
to NE, E was increased up to '15 d6ys but the
variations between subjects ire.e very high. DA
did not ch€nge,

Quite recently, Karemaker et aI (1989)
reported a decrease in urinary output of NE

durlng HDBR (-6o, 10 dsys), The laboratory
d6ta are in agreement with the fev/ data
available f.om space flights. Indeed, Leach et
al ( 198'1 ) shovied a sustained decrease in
urinary NE during the Skylab flights lasting
at least lwo months. Kvelnansky et at (1989)
also found a decrease in urinary metabolites
of catecholamines during a Saliout flight.

DISCUSSIII{ -
0n the whole the data sugqest a rapid

and prolonged decrease in NE release during
horizontal bedrest as 'Jell as during HDBR. The
prima.y effect of the chanqe from the stending
to the supine posiLion is the suppression

Fig J. Time course of plasma catecholamines during a

28 days head-down bedrest (-6')s .(c0ttet-emard et
al ,personal data, 1989)

oF hydrostatic pregsure exerted from the head
downwards. The nelr fluid distribution after
lyj.ng induces an imEdiate increase in plasma
voluDe which is maximal after one hour. The
fall in plasme level does not result from this
heoodilution because the three cstecholamines
follow different patterns.

Alao after lying there is an imediate
increase in central venous pressure.
Subsequently, the cardiopulnonaly receptors
are stimulated leodi.ng Lo a dectease in renal
sympathetic nerve activity. After tr/o hours of
HDBR, Nixon el al 11919) found that the
centrEl venous pressure aeturng to baseline
and even nore diminishs after 24 hours. Jhe
initial central hypervofem.ia is rspidly
corrected by an inctease i.n diuresis and
notriureais. Theresfter, a prog.essive hypo-
volenia develops when prolonqing the bedrest
as shoin by Greenleaf et af (1981).
Thereafter, the influence of the stimulation
of cardio- pulmonary receptots on sympathetic
activity should be of short duration.

Nori, the question is hori to explain the
sustained decrease in sympathetic nerve
octi.vity du.inq long-term HDBR ? 0f course, in
this situation there is a strong decreese in
physical sctivity which le6ds to a reduction
in the energy output and cardiovascular
adaptations occurrinq in ambulatory subjects.
It is thug reasonable to sssume thst the
recuced energy output and caadiovascular
adjustnents, which are primarily controtled by
the sympathetic netvous system, induce a
prolonged decrease in NE release. This
assumption is supported by the early work of
Schmid et a1 (1971) who found a reduced in
release of vascular NE after 12 days of

or

ot
wtEr€

45?

ETONESIcorIR0t-

lll

REMfiT

s-70

bedrest



bedrest. Actu8l decreage of NE releese miqht
not be .eflected by the plasma 1evel. Indeed,
Linsres et al ( 1988 ) have ahown thet the
reduced volume of distribution of NE induced
by e sodium restricted diet can increase the
plasms NE level v.ithout 6ny enhanced NE

release.

In striking contrsst, the sympathetic
nerve sctivity is strongly enhanced du.ing the
poat bedaest recovery. The plsalne NE Ievels or
urinary output is higher efter bedreot than
in controls. The csrdiovsscular responses to s
tilt test ere 61r,(, enhanced compared to the
controlg and the NE release is exaggerated
(Chobanian et sl, horizontal bedrest). Cottet-
Emard et al. have confirmed these data in
HDBR. Similarly, (vetnansky et al (1988) found
also an octivstion of Lhe sympathetic ne.vous
systen after Ianding (sa.Iiout 7 fliqht, 277
daya).

The sympathetj.c alterations followinq
bedrest are not only caused by a persistent
hypovolemia because restoring a normaL volemia
either by sali.ne infusion or by regular muscle
wgrk does not sbolish the orthostatic
intolersnce. The sensitivity of adrenoceptols
i.s not altered by bedrest. ln fact, the
exsggerated Bympsthetic response might be
explained not by a dysfuncti.on of the
adrenergic system but perhaps by a diminution
of the arte.ial b6rosensitivity according to
Biltman et al, (1982). Anothe. possible cause
is the decreaged cordiac output which provokes
a higher stimuletion of the healt r6te in
reaponae to tilt test, Fj.nally, the venous
Lone might be also modified during the bedrest
(Buckey et aI, 1989, this symposium) but there
is to date no clear evidence for any role of
this foctor in orthostatic intolerance.

C(IELUSI(ITS -
1,/ During HDBR there ia 6 decrease in

synpathetic nerve sctivity. The early dimi-
nution in sympathetic tone might resu.It from
the stinulation of cerdiopulmonary receptors
due to the fluid Bhift to the upper part of
the body. ThereefLer the lack of physical
activity, the decreased energy output, the
leduction in cardiovascular adjustments might
contribute Lo the diminution of eympathetic
tone,

2,/ HDBR elicits an exaggerated sympa-
sympethetic response to the LiIt test. This

hetic responae to the tilt test, This slte-
ration appeers to be oultifactorial including
hypovolemia, decreased cardiac output,
modificstion of the barosensitivity snd/or
venous tone.

,/ Il is difficult to cqnpare the
effects of HDBR snd the fer daLa obtained
(particularly in pLasma) from spece flights
because the astronauts are submitted to an
environment sble to modify q'rickly the
environ,nent sble to modify quickly sympalho-
adrenal activity.
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loverd an univocous intetpretation of cardiovaacrrlar

bioacch.nica in \rper and Dicr.ogravity

'Qradigl P. , *'lt'an C.C. , *Li€b@t Fh. , r*'C€Jfi6 D.

rl$cratoi-re C€nt'a1 & Biologie A&lsatiafe (LBA)
5 bis Ave & ]a Pte & Sevr€s 75015 Pa.i8 fYaEe

*Directid des necbE(dE Et-tu et t€dniq.E (DEI-CS)
26 Bvd victcs' 75g$ Paris Armfu FraEe

**'office lbtic(Ell d,EUde6 et de nedsriEs la!€patial6
29 Ave & la Divisicn Lclelrq 32@ CllatiLlm FraEe

liliEte k€6i&rt, ldiea erd CsltlqrEl,

OrigirEqy, 1 './es s.Epc6€d to talk &-t cardiolaso.rlaa
eCfects c,f M d-Eaticn typergra/iw: I rlEen +C.12 @lera-
tlcrE. Rattrr than irpcsi-ng rlan yqr a nth reetitim of r

a]iead ueII &"m5ted, hrt rDt r€a.l\r 'reII kqin qu6ticn, I
a{gested to t}E crg izirE ccrrdttee to Hde this e(citi-r8
qtEstim rDt frsn it6 Cv6iological sta4oint but froi it8
bid,Eda[ca] stanooint ,rtidr stiLl hEs nsv LrkrrlrE.

'Ihak yor v€tr'y l,rd1 foa gi\rirE L.s the cEp.8'hniq to ea-
plain tor 6ffiirg frqn tlp sUrry of Ule 1o6s of ccrtsciorsEss
of aiehte" pilots l.rd.r' +cz ele!'ati(n (gtr) Le prcpce tlE
tEe ctr tlE CysicaL 16^,€ of ttle defcrn*Ie c.ntir-u.rs nedia to
€'el-ain it.

Usirg tlEse lsrs:
- we c€n pllpce to cqplete tiE bEain ivpoda thecs'y'rith

en int'salia] tvpetdlsicn qrdslE to eelain tlte G-m

- ue a6surE, tlle reid inflaticd of the ati G srit rey be
potentlEu da)gerq-8

- i{e thf* ltE c€E"dio\,/era bio€dEnics he to be sfu-
died witll tirc sarE l4rs in lyp€!' dd tnicrog.al.dv.

As ar irMited *ed<er I !.ill c(rlfirE ,IlseL. to gsEalitiea
drt I lea\,Ie it to lt'. Liebert Fh. ard l't . Gaffi6 D. to be nre
precise d,.irE, this sessim.

ltE6e of o-!. colleagues I*p are rDt faniliar with lvp€r'
gra\ritatim trsE,Ena wiLI e6ily l,rdsstard that the b€tErrio.
of biological ,luids is cfpcBite in trc situaticr6:

- a fluid *dft to.€rd tlE r&er part of tlle boo in micro-
gr6riw

- a blood shift toa€ld ttle lor€t' pdt of the bo* in tvper-
gl'a\.iu, if:

*first: the tvp€!.craviw field is parauel to the ads of
rqjctr blood vessels i.e, carotido-arto-fgrEs'al arte.ies ads

+sec(rd: din€ctic.t is h€*d frqn feet to hd (+cz).
ltE effects of tlle rcz @laeticd t{€re rDdeLized by A.lice

Sto[, y€ars ago. this n*lotr fidrtr pi]d's ldeaE d rca G-
lerdigl, *86 tlr€e are6 @!-dirg to & aplit& 6 a f,td:ift d tine.

- a lo,ver c(E, in rNtridr rDtiliig occl-Es

-ar int€fiEdiate area in 'drid1 s-bject sQerigEes a visico
grey o-rt foUoi€d by a bld< q]t

- an lper a€a pcibly associated with Ic of cc.Eclolls-
rEss (qtr) (See intra P.2) .

Ih€r'€fore tlE target of tnis rEdldlical aggr€ssim is a
bicCysical t Eget, I llEar .+fA- t]E tv&!6tatic cdlparE$ of
blood arteial ad v€n s pr\esarE6, lttddr i.rErease6 lirEsrlJ
lvith }Vpergraviw. Cc.EeqErt]y *E h€6t h5 to st^€gle
agai.rEt this lcd f&tor. FirElry, beca.rse otr lfE heart c4*i-
liv lirnits ad becaJse tlE v'eoi-d qistan ls c(llpliart, l-oc is
dr to a decreGe in train blood peftEictl ad the h'ain lyp.rda
UEy is rEir adnitted uh6r tre (l6et rate of the tvpergraviv
field is grdlal (CCR in Gz pe sec.rd).

tbrcrr€!', in tlE e@ly &'e tednical d\raE€a in dErF
rBtics irEr6ed ArrErics ce$ilities of aircraft . lfrt crfu
tiq bec€.rE ceable of sccetlr8 @l€raticns of httE!' alpli-
tr& ad lcr€er d.-!'atlql h.it, 4ove aD, cf rEr€ reid c.tset
rate (m). In the sarE tirE, n s\frs scierltilic p.tlicatidE
cn GLC rEcrted ryfibcnE dr€(8e6 fY€q-srtly dla!'et€rized W
ItE Ld< of bLd( cut ad ctrtsr eiated rith lerE atrEia.

In *ite of tlEt, typocic etiologa ke*6 aU iB credit fcc
tlE Etnadysiological epf,aEtim of tlte rsr ryD&srp.

AJt, cdE+baqy, a nEd)aLical e(citatic.r of tlE 6alE
nab.E^e (fvp€!"Ferifu), of the sale dqr6e (alpliU.e) dd ctr a
djJfs€nt afu (VELE of first k'i/ative cf e€leratictl)
v,o-lld e<Erate the sare ryrftsrE, tlE crry draEe beirg a rEre
reid 6!set of tlE ryrtqn. If this i.s rEt ttE c6e, rle tE\re to
cc.sider ttlat dDllla bicrtvsj.cal taget €rd-sts, differ€nt ftsn
tlle }U&!6tatic coecrErt of arterial ad valcls blcod pre6s!e.

Accdrtile to tllis c(tr.Il.tsi(tl, v.e car pr(pce a alightly
flE6e gsEt'a] int€rpretaticn otr the eJfects of *)o!'t d'8:atidr
t0,pergra,/iv. In a first erdr of tlte biorEdlarics od tiE
brain it viu be adficist to cttlsik it, as a abf@n*fe
sCs"ical iEs drlced in a blaL\y rigid e(It elcpe (Ule d{r11),
tlE hrain beir€ Bepa?ted flgn this srvelcpe by a Uqrid Vpe
film (c€trb!*i.rq] fluid). ltE v'eorl-e rysten is teedr4ed
@dirg to tlle rEt claical desci'iptj,cd of tlE v'€oi-ar
rystdrE. tte geoi€tcy of l6rge vEo).lar bLtt(a t6 elbo^dr4€d
to @rlt fd diffiolt flo,, r,Dti66.

Fist tsqLtNl 
'rcLL

t @acu@rtl

A{ADEL

SNJLL

COND ITI ONS OT TQU I T I BB I UM
To atudg o rmall braln uolume unlt of ihuariabla uolumac

m6aa in oquilibrlum ill o field of foraer, ure muat aonaider the
condltion of atreases and the at6te of deformatlonr .So
dUnomlcr of lnateliol porticle ir obuiou$lg inautficient ond ure
houe to uae the deformoble contlnuoua medl! aquilibrlum
eQuotion l.e.

-.)---)r
d.v o * F- py'= O
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The broin i. o dsformnble rphericol most
enclo.ed in E lol.llg rigid enueloDs (the rkull),
the brain being rep6r!ted from thi! enuelopo bU

6liquid tupe film (cerebro-.pinol fluid).
Ihe broin itself is compo.ed of luro phoses: a

rolid phsre (nerue li.rue) !nd o liquid phr.e: lhe
blood uolume is contolned in a complex uorculor
sg.lem inside the rolid pho.e.

}/Iedladcal b&avics's of tlEse ',E io.E st\..h$es ae:
- piely rj.gid fd tlle 6h
- g.Eely viscors fcr tlp CF
- vi6coel6tic fc8' the brain
Tdc paarEters are to be sh-died:
rtbd€rdcaL sb€Eses lltree alpliU-tb ',ari.atic.E ae rQr€-

sarted by shdes of grg
*gerEar &fdrratio (t,Edcre ned-ranical ske€s) related

to tlE decrease in blood i6 lfde the eJfect of aelerati(,t6,
narE\y a *dft toaard tiE lcrE!' part ctr the bo4r.



BITECIS Of Hs+Gr GOR (Figu.e 2)

Acacdilg to ttris rsiel, ffiat ni€ht be tlle effects of tty-
perEravitaticn slorly est$li dled :

'@ eleraticrE et rEt-ly thnergh anplia* ad tirrE.
Iire tar8et i6 tlle tv&.6tatic cqrpcoent of tlE btood pr€6s.[.e.
liE effect is a bl@d fl6 migratio tared ttle lotr prt ctr
the bory. &e c..lseq.-sEe is h'ain f0,poda with grq' ad bl-d<
drt fol]o,,ed by rc, as pr€uioEl.y kribed.

ilr)Main ,lEdlddcal st€ss€s that will evglhnlDy ry€ar
,rith tlE iJrrease ctr Gz Ievels nry e'r'6l ,terE iU, frqn ttE $itt
of tile blocd ad rqrain equal ctr slidhtly irDr€Ge ad ne in

EEIS (Ftb+&En (Figure 2)
AccGdirfg to titis lDdel, 

'^tEt 
might be t]te effects of ra-

pidly est$iished r4z a.cele.atiq_6 ?
In tlds cae, the int€rfretatim lrhidr viird be pre\€.1€nt

to e.nt f@ toc !,,ur-Ld be pnely nEdlgrical. Ihe target uedd
rE lcrBe!' prira.ily be the lv&Gtatic cdlpcrsrt of blood fr€s-
$.re: irErtia, viscciw drl pr(td1y ttte ge(,reky of the !B-
cular syatsn u,o]].d cfpoGe blood nigratic.l tol/ad tle Ic er part
of liE b@. lfr brain rypoda world c1-tr d-p to ]d< of tinp.
tm $eid then r€al]t frtrn a s.ddql i-rEre6e in forces aelitF
de iJd.Eiig a rD less srd€n irE!.ease in nEdladcal st"€ss.
Sir.e [Edlanical st€ss is, Cysically q)e*jrE, tEIDgerEs-E
with press-re dimerElm IOC is mst a(&t1y d-E to s-&r intra-
cradal typert€nsim.

Pr€sant€d trypottEs€s (Ld( of ftloda) are ern€h to e'(-
plain tlE *cdEe of grq dd bld{ ot befcre lrc Lrder Gz,
rcR. In otlE!'rcrd, if tlre 'thv6ica1 tjre'r d Aplicaticn of tile
lcd fetc8' is e5(EsrEly stEs't, bl6d b rDt hat e tjrE to be
epeued torad the Lqe. part of tile bo*, gf irErea€es, dd
cdEe@€ntfy st€sses (iJr tlle s€nse o(r a corpr€ssim) also ir-
cre6e. ib, ccnliticrs of the nEd)arical esrilit['itm of brain
edsd bqacrd rlcfiEl- pGibilities ctr ttle dvsiologicaL firEtim
of cells in U1e cglt'a1 nelalals Wstsn sd Itr ocs'[.s ,ritiErt

preljninary sig.E.

I rant to nd{e it \r€ry cl€a., at this stage d rU e'QCEe,
tlEt this int€rf'retatic.r has rDt bear e{ErjrEotaqr verified
yet ad ttlat I uculd, in rtc vEy, fr€sat it as s-rh !

ltt co[eegLEs ad ll!/seLf ae 'IELI aE:e of t]le f&t t]Et
it will f|rrbdrJ td<e nBor year6 of 'rut(s bdcre tiE cdlcet lr€
plQGe can be aq)ted os. rejected. Nerethe]e6s, drirE this
sessicn M.. Gdfi6, ar lt . Li6at vdlL have tiE c[p@hnib/
to &r(lEt'ate that calti(rE cptini.sn is pcible.
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Positlue bg lncreose in
lnlrocerebrol blood uolume

I{cgltlvc
Oplro6c! thc dccrcslc l! latncrEla.l 3trc!.

'Rr.tr" hr,mEcrLug cfcct.

Explanation of the positjve effect of anti G suit inflationin case of
Hsr Gz;GOR and possibly reverse effects ln case of Hs+ Gz;R0R

Flg 3

GS,IT Irg^Itrl{ flr (FigLre 3)

Err6.rer', if 6 it is €nticipat€d, at least pait of tipse
tt?otlEses are c(r6istalt, th€y 'i,Eutd fird an innEdiate 41ica.
ticn fcr tiE pre€s.E izirE rate of tlP ati c-€it. In fet tlle
LEe of G-€.tit (xd'lidl irseGes the useful tine before ttr €rd
otrfers gcod protecticn in €2, Cd.) uaid hat/e negative effects
cn pilot's ccGcic(EEss... xrtLidr cord evg| be disastq5 Lrder
certain fliSht ccnfiaLratioE ! Ihe fs,potfEis of tlEse eff€cts
are sd|crBtlca[y *sm in figu:e 3, It is rffi€ry to reafize
that a tifip scale f&tor edsts xtddl car be etdrgllgly inp6-
tart (sixry, f@ e(aDle, rtEr d€Ieratim rate i-rEreces frsn
0.1 Gz,s-1 to 6 @.s-1). ltE eods of @dirEtes slEls positi!€
drages in tlss-p stesses (above) ad negative c}laEes in brain
blocd [Ess (be]o,v).

In the c6e ll(k, G, cd'6i&ri-rg utEt '.€s said, the irF
cre6e in periCEFl ,v€sallar resistarEe of ttle &rgl ad
loil€t. Linbs t€rds to irrcr€Ge brain cirqlatidl ari therefore,
h6 a berEficial. elfect cn tlP oseetBticn of hrain ceLls, t)e
e{fect c.r ,rEc}latical st€ss is stall ,.iEr colpr€ssidl of t}le
lolEr Frt of tlE bod is s.trficieitly &Lryed, UE brain blood
\o1urE beirg alrE€d red-ced.

In tlte cse of I+{L, En, also cd|er€nt xdti t}te prQGed
bicrEdralica] interpretaticn, irrr€Ged lo, p€!.iCEral'"Eso!ar
rcsistaEes t€rd to ertlaEe brain blood vo]LnE if the c.tpr€s-
sicn is reid. lbrever, ersl if this irEre*e iE $811, the

effect G@iated with tlle coDrtssico of tlE
lorer p6rt of tlle b.+ can alplify brain st€ss, irEre6irg
€r,fdr rrDre IOC hauard by inti&ra[a] h,lertEEicn. lb c.E '^rqLd
c(rlsie &ViIg tlE lse of t]E C-€rit to irErease toleErEe to
pGitive Gz. Bara,€r, its bsEficial effect by reid, e!6r d-
vEred pr€ss-tr'izirg is rDt at aLl verified in tile c6e of
Hr&,fi.

eel€!-aticn is eqri!.alst to sryirE tlEt LE is diviry in a
field of forces. It rE6E tlat tlEse fc&es ar€ rDt s1Efe foF
c€6 (Iike tlle pLrEh of a bo€r e ird'lat1dl of anti-C slit) but
'to1!r€ fcr€" eFlied at distaEe, to tlp rass of this irdivi-
d.ral. Froi this,rEIe tvpergladry ard }U"ograviq becdrp a L!Li-
fied problsn.

IrH frrn a llEdlalica] saxboint at orgen (braijl,
heart...) is a c.nti,l-Els nEdiun dlar-tsiz€d bS7 fiels n(r, t);
p (r, t); v (r, t)... nass, pr€se.[:e vel€iry fLrEticn of posi-
tim r, at every nurElt t. To stury a slElL o!'gan voIuIE r.rrit of
irnIaii&]e lolurE 16 in eq.ritibriun in a field of forEes, u/e

m.Et c..Eidei tlle carditim cf stesses and ttle state of d.efo-
lation.

T

'ToEd a gsEalized intEfeffiian of biorEdEflcal
\DlrtrE faEadr

Mechonlcol s tre3r tensor.

'&E r€6cn ,*tr we dr6e tilis slieht\y pro,,ocative title is
also very sirple. Srynlg that a slject ls eeerierci.rg a +Cz

Thr b.h.vlo. (av) ot thls t.nsor O' qlvrs the strlss status

t t t,l

;.;;:l
..,t

0
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Iherefde, x,e h€0/e to td(e into el1t llE equatim of eqrili-
brim of ttE defqn*Ie c.ntirr-oJs rrEdia tbat i-s

divo+F-{y=O

iEI is tlle d€rt8i.U ctr bertial fGce p6 rnit of \/ohIIE
'F is lfle der6ib, of volttle fc8te per' lnit ctr \,DLrrrE
*Div o e.rtts fcc- the b€ha\dcr. of stre€s terer t,hgl crE of
the otlE!' trc pa!.arBteB d)atge6. fbe previoslJ kibed typo-
tieses 6tsn flsi sinple caEikaticns. NevE ttEl€ss, cofy digi-
ta] c(,lprtatic.l cdid rDr va"iJy tfuse h/potlEse6.

Nevert reless, $e drive at tlE rct EEible gerEauzed
interpr€€ticn of tite biolAgical. effecE of lyperg"a\rity or nli-
slgra/iv, for it is r€6t:icted to tlE cnry r,,ariatic.E of
fdce's field int€nsibr:

- ccrEtant cn tite pl-e.Et

- itEre6es in tvp€rg.aviw
- tsds to^Ed z€lo in asuEoartics.
SirEe it is a ccoLijlsls persrEte, ,re can e6il.y prc!€

tllat Cysiological CETETEIa otr biorEdad.cal rEh-re ob6€!"!€d in
ast.coaib (cqlalad fluid *rift, e*ecially) in 'reiehtlessB€s
car be p€rfectly ,reU €relai-ned usiJg the nBtl|graucal ,Ddel
'dridr ,./as jtEt pres€nted, r*tse C t€rds to z€ro.

Of c(,nse an otl€r p@alEt4r has to td<e into a:cqrlt: t,le
tirE:

- e<EgtEfy *'.rt in tiE c6e of hrp€!'grar'ibr
- e<terply lcng i, 

'nicrcgraviv
U6iIg tlf.s iDde] it is ery to lrM ttEt cr.gil voLF

nEs ad llEdlarical str€s6 of t]E tiss-e tsd tcraad othea eqtiu-
bia, l&a,riwis biolEd)arics of othec. €qrilibria ,.t€r€6 h'!€!.-
grariv is bi(,rEdlalics of tarlsisrt CEElsE. It is tlte r€6(rl
*V eeerirrEts &velcfp€d m ltle grqrd rtridl d€ elpa6ed to
sirufate ttE dve!'se effects of mjcrogra\/io, wiII rE\,rer be c4|a-
ble of rFrod..Ei-ng th$, u,tBtever biological *€tEr is c..Bi-
dered ! Fc!. €e(aele, in *G tlE wei€ht of cr€ venkiorlar erd
diastolic bl-cod voll'n€ is zero rE^.tcn, m tlE earli it weiChts
fc(]It€qr h,,rdr€d nsrtcrE even tlDJgh 1ile &-bject is p1&ed in a
mirr.6 six &grees tilt pciticn, So iJlitial rEd)adca1 t€rsicrts
of tt1e fiycEadim ae iltdigld]y different in trD cffi ev€n
tlu€h ca..di& m.r6c]e has to rErb cn ttle sa,E rEss of blood at
tlE ver'y first begj-rnir€ of, t E rystolic tjri€.

AIL this i6 mt rsr, everycne lstci/E tiat the re-€61i*rrErt
of a rEarly rDrnql BU€ioIog therefcre reqri-r€s calculatjo ctr
a ninirM field of force, Ihe r4, of dd.e\drg this field is n+-
trraiy in drcory ttp use of a rotary +@ I*@atory, -d this
ha8 be€n cdEidered frsn th€ \rery first dEolB otr tlte *a€ Age
(altlDrgh Ceiolis eeleratidr rust rDt be rEglige*le I ).

It is c1eer, tlEefcrc, tlEt re tEve, at 1crr cc6t, rD ottEr
rleal tlEt rBtir ,'D&]Ii,g to predict t]E vaLue of this thr€stEld.
It wiII be l 6.t'€platicn frqn a fr€dictive r.del ecribing
U,te Ic.E t€rn elfeds cn biolqgicaL st\.El!r€, ryst€.rr cr or-
ger6 (tlE heart hold tlle fcrsrct pl4e) in t},€ tvpergra/ibl
&rain. Nfiurgh, ttE fiEdladcal beh€vions are nai UrEer *d
the biological sk\rt.[.cs lEve, as they siU be ca]]ed in -DtlEr
nEetirg "a sgEitive de€rdErEe cn initiaL ccrditicns" tlE task
is €rsmtus but rtct inpossible.

tlnforurBtely, tod4r, re &l,t have aV true irfcrrlatic'l c.l
the ld8 trln det drcz &c€IerEtlc.l (I rEat rQested hyp€rgra-.
viw I6d f&t@) c.l cadic rascula. ryBtsn.

Ta.Ikia€ !€clnuy, u/ith Pr. Hid{Isn ddef of t!€ cli4i.cal
scigbea di\risicn at the USAF 4rc6p-e r€dical sdel Sott the
need to detsrdned tl€se lcqg t€lyi effects of |Vpergravi.ql cn
cardiolellar syst€rn ed *ir€ his eirdcn &lt this sJbject
he wrote al.rE6t in crE slrct a fsJ lires lltridr !d]I rfl be ry
ccrE]t6i(rr !,rith his ki-rd arttrcri2alim.

A6 ar A€r.oq)e UedecirE inperative, persrB i-rdertd&g h&h
flyi.r€ a or ocofati('l *Drd be arare ctr ay @-

qlaticnaL ri-d<s to '*Lidr ttry nBV be eeoced. At pr€B6t rb
cleer picUfe hE ErE!.ged of the pr€ssrce otr sdr rid<s fc!. ttE
n,eiod@1eta1, c*diora6olar cs. csttd rEvors $6t6rE,
fbi/€v€r, tie &€€rEe of a cdErrt st:l.ru-!:e i-rnltity lo.,€rs ttp
co"fikDe witr i,f,lich t})e A€lrQee lHica] Servi.ces rq/ state
tilat s-.h eifects ab or & rDt o.isur.

ltE set ctr ref€rEE€B abort 199 p*ers ae @Ud io a tlEsis:
LISIffADE : Ana\Ee 6r ts/p6 r€e1 de fa f!€qLEEe cediqt.E q!-
r€gisk€e €o vol dEz Ie pilote & &ee 6omis a des e6I&
raticrts acz ,
Paris 1S : Fa. MA. Cochin, Foi.t Rcral.

rl*EtlE re+et€d epcsrre to lypergrarriv lBs aD, Icng
term, deletorio6 crr otlErwise effects, m ay of tt€ hlnEl
s.-S6ystdr6 iE LrfcDrn.

!&Ethe ery of tlE -rillary p!!bl6r6 tvpergraviw (G-

irxi-Ded lo6s cf c.rlscidrsEss) or l^ilethe. ryli.aEes ad €nti-4
&vices (e.g; pciti\,e pr€ss.s'e br€athi-rB) irave aV persistzot
eff€cts is Lrlabm. 'ItEre is a need to foriulate a plal of ba-
sic ldtratcry ard cli.rrical hvestigaticnal sudi€s to detect
qdr lcng term effects, if irdeed, aV e-dl effects €rdst.
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AN APPROACH TO COUNTERACTING LOI{G-TERI'I

I.I I CROGRAV I TY- I NDUCED I'lUSCLE ATROPHY

P.A. Tescht, P. Buchanan2, and G.A. Dud'ley3

the energy lntake provlded as an exercise fuel vould
be 'lover for eccentrlc than concentilc exercise.
Because there ls a deslre to llnit food lntake for
space crevs the beneflt of performlng eccentric
exerc I se 1s obvlous,

Th'ls study therefore exanjned tvo groups of male
subJects, vho performed heavJ-resistance trainjng
for 19 vks us'lng elther concentric muscle actions
onlJ or concentrlc and eccentric muscle actions. The
purpose of the study vas to compare changes 1n con-
centrlc or concentric/eccentric muscle strength be-
tveen the tro groups. A second ajm vas to compare
the energy cost for concentric and concentric/ec-
centrlc heavy-resistance exerclse.

llethods

Department of Envlronmental lledlcine' -Karollnska
iniirtutet, s-104 o'! stockholm, svedenl Blonedi-
cel Operatlons and Research 0ffjce^, Natlonal Aero-
niuttis ana space Adminlstratlon'? and 8'iomedical
and Environrnental Laboratories' The Blonetlcs Cor-
poratlon', Kennedy Space Center, FL 32899, USA

I ntroduct l on

t{umerous animal and human studies suggest that
sDace flloht or simulated mlcrogravltJ results ln
marked muicular atrophJ and dysiunctlon 11' 2' 4'
6, 12, 14, '15, 17). Thus, substantlal decreases in
musc'le strength of the knee extensor nuscle group'
attrlbuted rnitnly to a decrease in muscle fiber size
and thus over-al l muscle cross-sectlonal area, have

been reported follovlng 30 days of bedrest (4' 6,
9). It appears that the magnltude of these responses
are oreater for the lover 1lnb than for upper body

muscje gtorps (7, 13, l7) and greater for the knee

extensois than for the knee flexors of the calf
muscle group (4, 6, 7, 9).

Heavy-res i st ance trainjng, as typicallyperforn-
ed bv athletes llke bodybuilders or Pover lifters'
1s knovn to lncrease nuic'le strength and mass (15)'
Endurance tralnlng, in contrast, alning at 'improving

aeroblc capacity does not produce these responses'
Because heivy-rirslstance tralning obviously 1s the
best model t6 lnduce nuscle hypertrophy this train-
lno reoimen should be employed to combat muscle

atiophiproduceo bJ long-term space fllght. TJptcal-
lv. ieitstance triinlnq conslsts of both concentrlc
lihorten'lno) and eccentric (lengthening) muscle ac-
tlons vith-the use of free relghts or veight-stack
machlnes. For a glven speed of nuscle actlon numer-

ous Drevlous studies have shovn maxlnum voluntarJ
force Droduction to be greater for eccentrlc than
concentrlc muscle actlons (3' 6' 11). If hlgh ten-
slon production ls the ultimate stlmuli for increas-
es 'in muscle strength and nass the performance of
eccentric muscle aciions should then be more effect-
lve than concentrlc muscle actlons. Results from
studtes comparlng responses to eccentric and con-
centrlc reslstance tralnlng, hovever, are equlvocal
(10, 1'l). Intrlgued by thls fact a study vas design-
ed to examlne vhether the perforrnance of ecccentrlc
nuscle actlons in addltlon to concentrlc muscle ac-
tlons 1s necessary to induce optimal increases ln
muscle strength and mass. Exerclse tools, such as
barbel1s or dumb-bel ls, traditional ly used 1n rejght
tralnlng, cannot be e ployed in space because of the
lack of gravlty. Devlces that produce hlgh res'lst-
ance ln thls envlronnent therefore nust be deve'lop-
ed. For thls purpose an lmportant lssue to address
1s vhether concentrlc, eccentrlc or comblnatlons of
both types of muscle act'lons should be perforned.
Eccentrlc exercise is assoclated vlth markedly lover
energy cost than concentrlc exerclse vhen perforn€d
at the same pover output. This greater efficlency,
as evldenced by lover oxygen consumption durlng ec-
centrlc than concentric exercise (8) suggests that

Sublects; Etghteen healthJ nen vere randonly as-
slgned to tvo different tralnlng reglmens. Age,
height and vejght for Grps CoN and CoNECC, respec-
tlvelJ averaged (mean rSE) 33.4r2.8 and 31.2r2,4
lrs, 176.2r2.4 and 178.511.9 cm and 85.1t3.5 and
80.8r3.7 kg,

Tralnlng: Bbth groups vent through a faml l iari-
zat 1on program of progressive tra lnjng before enter-
1ng the actual program. Grp CoN, performed concen-
trlc tralning only and Grp 0oNECC djd both concen-
trjc and eccentric muscle actlons. They performed
heavy-reslstance tralning using tvo exerclses: su-
pine leg press and seated knee extenslons, respec-
tively tvlce veekly for 19 vks. Grp CoN performed
flve sets of 6-12 repetltlons of concentric muscle
actions. Grp CoNECC performed five sets of 6-12
repetltions of concentrlc and eccentrlc muscle ac-
tlons. Eoth groups perforned each set untll muscle
fa'l1ure. Bllateral leg presses and unilateral exten-
sions, respectlvely vere performed on Unlversal@
and Nautl luso machlnes. These machlnes vere
modlfied us'lng pneumatlc devlces for passive return
of the velghts or v€lght stack to "unload" the
quadrlceps nuscle in Grp CoN' Thls princlple vas not
used durlng exercises performed by Grp CoNECC' Thus

Grp CONECC, not Grp CoN, reslsted the load durlng
the descendl ng phase.

Strength n€asure[ents: Three repetltlon naximun
(3R11; 1.e, the greatest load that can be performed
1n three consecutlve muscle actlons) vas assessed
durlng leg press pre-and post tralnjng' It vas mea-

sured-vhen performing C0N (c0N 3Rl'l) actlons only
or vhen performlng CoN and ECC {CoNECC 3Rl'!) muscle
actlons.

Energy cost: ly'ork performed during CoN and
CoNECC eiercjse vas calculated as number of repe-
titlons tlmes the vertlcal load actlng during the
concentric phase (1.e. the "negatlve vork" perforned
during the descendlng phase vas dlsmlssed). 0xygen
uptake vas measured continuously five m1n before and
durlng leg press exercise sesslons and 15 min into
recovery follovlng exerclse jn Grps CoN and CoNECC

uslng a seni-autonatic sJstem (Beckmano l'111C Ho|izon
SJsten).

Resu l ts

Leg press CoN 3Rl'1 and CoNECC 3Rl'!, respectively
vere s'lmllar 1n Grp CoN (169115 and 155113 kg) and
Grp CoNECC (15919 and 155i9 kg). Leg press CoN 3Rl'1

lncreased (p<0.05) by 12 and 221, respectlvely 1n
Grp CoN and Grp Coi{ECC in response to trainlng (fig.
1). The lncrease vas greater (p(0.05) for Grp CoNECC

than for Grp CoN. Leg press C0 ECC 3Rtl (fig. 2)
lncreased 1n Grp CoNECC (261; p<0.05) but not 1n

Grp CoN (81: p)0.05). The calculated vork durlng

The Physiologist, vol. 31, No. l, Suppl., 1990 s-77
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CoN and CoNECC exercise sessions vere 26141136 and
2292t 109 kgxm, respectivelJ. l,lork, expressed in
absolute terms but not relative to bodJ veight
(p)0.05), vas greater (p<0.05) for CoN than C0NECC
exerclse. The net total oxygen uptake (fig.3) vas
slmllar (p)0.05) for CoN (upper panel) and CoNECC
(lover panel) exercise ('15.811 .2 vs. 15.8rt.5 'l ).
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Dlscuss'lon

The results of this studJ shov that a concen-
tric-eccentrlc heavy-resistance tra'in1ng pr09ram
produces greater lncreases in concentrlc or concen-
tric-eccentrlc strength than a regimen comp.lsing
concentric muscle actions onlJ. The time required
to complete these different exercise reglmens vas
ldentlcal despite the apparently greater total
stress duilng concentrlc-eccentric tralning. The
present flndlngs accord vlth those of Komi and his
assoclates (ll ) in that the performance 0f eccen-
tric muscle actions appears essential to induce
optimal increases in nuscular strength. Although
thls nay suggest the lnportance of performing ec-
centrlc musc'le actlons as a counter-measure for the
physlologtcal changes occurring during long-term
nlcrogravlty it does not necessarlly inply that
nuscle mass lncreases nore ln response to CotiECC
than CoN tra j n'ing.

Previously, jt has been shovn that CoN exerclse
1s associated vlth markedly greater energy cost than
ECC exercise carried out at an equ'lvalent pover out-
put (8). The present data suggest that thls differ-
ence ls slmllar or even potentiated jf CoN and com-
bln€d C0 and ECC heavy-resistance exercise is com-
pared. Hence, the eccentric or descendlng phase
during leg press exercise vas perforned at a very
lov addi t i onal energy cost.

In sumnary, the results of thls studJ lndlcated
a substantlal ly greater lncrease in max lnal strength
for Grp CoNECC than Grp CoN yhen the 3 repetltlon
naxlnum vas perforned ylth concentric only or ylth
concentric and eccentric muscle actions. The tlme
requlred to perform a training session vas sjmjlar
for each group. Iloreover, the apparent energy cost
vas only sl lghtl)' greater for Grp CoNECC. Accord-
lng'ly. ve suggest that simulated heavy-resistance
trainlng vith both concentric and eccentric muscle
actlons must be seriously evaluated for use by space
crevs to counteract muscle atrophy that nay occur
dur i ng long-term space mlsslons.
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It is nol./ well known that the musculo-skeletal
system is particularly disturbed after spaceflight.
A musc'le mass decrease, a reduct'ion in fiber diame-
ter (2), a decline in strength (6) were described,
lloreover the slow twitch nuscles were more affec-
ted by microgravity than the fast ones.

The main aims of our |,/ork were first to deter-
mine and compare the modifications of the contrac-
tion development in slov./ and fast isolated skinned
muscle fibers after a 13 day spaceflight, secondly
to correlate these physiological modifications with
the structural changes of the contractile appara-
tus. To achieve these objectives the maxinal ten-
sions developed by sing'le skinned fibers were ana.+

lysed. Then l{e studied the amp'litudes and the ki-
netics of the fiber contractions when so'lutions of
various calciun concentrations were applied. This
permitted to detennine the calcium sensitivity of
the contractile proteins. Finally, the content of
the 'isoforms of the myosin light chains and of the
iroponi n C were analysed.

METHODS

The experiments were perfomed on two muscles
from male l,listar rats. The musc'les used were the
slovi postural anti gravi tati ona'l soleu6 and the fast
plantaris, The animals were divided into two groups
The flight rats (F) were the animals placed in or-
bit for 13 days in the Biocosmos 1887. This group
was compared to a synchronous control group (S)
l{hich received a simulation of the flight condi-
tions in a spacecraft mock-up.

Animals were killed by decapitation two days af-
ter 'landing or after the end of the simulation. The
muscles were removed and biopsies were imediately
taken off and exposed to a skinning solution. The
force neasurements and recording were made as pre-
viously descri bed (4).

For the SDS-PAGE analysis, sing'le skinned were
solubilized overnight (5) in 15 ul of a SDS solu-
tion (2.3 1SDs, 5 g B nercaptoethano'l ,0.625 l.!

Tris HCl, 10 % glycerol). The electrophoresis was
perfornred in a 18 % Acrylamide ge'l in the Laemli
cond'itions (3). The ge'ls were si'lver stained after
the gel run.

Siatistical significance of the difference bet-
v{een means was determined using the studentrs t
test. All the values were reported as mean +/- SEll.

ry, no modification in fiber size was found on the
p'lantaris (66.07 +/- 2.30 and 64.08 +/- 2.85 pm for
s and F animals respectively).

l{axima'l tensions (Po) were induced by a solution
of high calcium concentration (pca 4.8) large
enough to saturate all the calcium sites of the
contractile proteins. The results observed on the
soleus d€creased significantly by 60 g from 41.39
+/- 5.27 ng for S animals to 16.89 +/- 1.45 mg for
F animals. However, when the tensions were re'lated
to the cross-sectional area no difference appeared
(0.96 +/- 0.10 kg.cm-2 and 1.08 +i/- 0.15 kg.cm-2
for 5 and F respectively). Therefore, the decline
of the fiber size appeared as the main cause of the
tension decrease observed after spaceflight. 0n the
plantaris, we did not find any difference in maxi-
mal tension neither in absolute value nor in values
related to the cross-sectional afea (1.30 +/- 0.25
kg,cm-2 and 1.39 +/- 0.22 kg.cm-z1, So, as general-
ly reported, the atrophy was more pronounced on the
slow soleus musc'le, more implied in an antigravita-
tional function, than on the plantaris muscle. The
atrophy was usually correlated to a decrease in my-
ofibri'llar prote'in content and the main explanation
was a reduction in the rate of protein synthesis in
coniunction with an elevation 'in the rate of pro-
tein degradatiorl (1), Fig. 1 showed typical records
of contraction obtained on single skinned fibers of
soleus and plantaris muscles for both groups of
rats .

SOLEUS

COI'|PARED EFFECTS OF A 13 DAY SPACEFLIGHT ON THE

CONTRACTILE PROTEINS OF SOLEUS AND PLANTARIS
RAT MUSCLES

RESIJLTS AND DISCUSSION
Fiber d'iameter was rEasured before each experi-

ment. 0n soleus, the diameter signlficantly decrea-
sed by 41 X (from 78.33 +/- 6.50 to 46,07 +/- 1,92
pnr foi S and F animals respectivelyl On the contra-

S F

g
E
E

8,"t

-r'*lFH
sEc0a0s stc(I{as

PLANTARIS

F

stc0r0s sEcst0s

Fig, 1. Reco"da of, tension irdueed by totiow cal-
cilon co\certtation eolutiaia fo? S ad, F
ortnale,

0n the soleus, the calcium thresho'ld for the
protein activation became higher after the flight.
Moreover, the amplitudes of tension elicited by a
given pca solution decreased after the fl ight while
the rate of force developm€nt appeared faster. 0n
the plantaris simi lar threshold and amplitudes were
obtained for S and F animals, However, the rate of
force development appeared clearly slower after the
fl ight.

To control the calcium sensitivity of the con-
tractile system, Tension/pca relationships (Fi9. 2)
were established. The tensions values (P) were nor-
malized to the maximal tension (Po).
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S(]LEUS
rance of a LCa isofom was more rare'ly observed
after the flight.

0n the plantaris, for S animals, three light
chain isoforms can be spotted and identified as the
1C11, LC26 and LC? isoforms. After the flight, the
LC? contEnt decreased. since this light chain vJas

mo;e characteristic of a fast muscle; its decreased
content could explain the slolring down of the force
development previ ous ly described.

SFSF

t
a
I

:

a
L
eI

a

s
I
e'tn
imb in-

?ig, 2, fe46ian/pca telationghips af Baleue cnd
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After the flight, the T/pCa relationship for the
soleus was shifted towards lov{er pca values, i.e
towards higher calcium concentrations. The values
of the calcium threshold (pca 5.8 and 6.6 for S and
F animals respectively) and of the pCa5O (the va-
lue of pca }ihich induced half maximal tension, pca
6.06 and 5.85 for S and F animals respectively) de-
clined by 0,20 pca unit after the flight. Thereforg
the apparent affinity of the contractile proteins
for calcium decreased after the flight, l'loreover,
the slope of the relationship was s'lightly higher
especially in the range of 'low ca]cium concentra-
tions. Indeed, the linearization of the curve could
be treated as tl{o straight lines, described by the
n1 (for P/P^ > 0.5) and nz Gor P/P" < 0.5) parame-
teri or HilI coefficients: After thE fl ight nl re-
mained unchanged (2.00 for S and 2.03 for F lines)
while n, increased from 2.50 for S to 2.85 for F

experimEnts.
For the plantaris, simi'lar threshold (pca 6,6)

pcaso value (6,00) and Hill coefficients (n1 = 2.
n2:3.50) were obtained after the flight.

souus Pt A[{TAB|S

Ftg, 3. sDS polyaerylo de gel eleettophoteeie of
soleus (Left pdl't) dtd ?L@tatil (?tght
p@t) eikgle fibere f,or both gtollpo of
tate.

To conclude, al1 these results suggested that
the changes in ca'lcium sensitivity as well as
of kinetic parameters observed after spaceflig
could be correlated to changes in the type and
in the proportion of the myosin light chain an
TnC, l.loreover, the modifications were more imp
tant for the antigravitational soleus muscle t
for the plantaris.

those
ht
/or
d
0r-
han

REFERENCES
1. Booth F.l{., Seider 1.1.J. 1979. Early chan

skeletal musc'le protein synthesis after
mobilization of rats. J. Appl . Physiol ., 47,
974-977.

2. Ilyina-Kakueva E.L, Portuga'lov V.A, and
Krikenkova N.P. 1975. spaceflight effects on the
skeleta'l musc'les of rats. Aviat. Space Environ.
I.led,, 47, 700-703.

3. IEEnmlTl.K. 1970. Cleavage of structural pro-
teins during the assembly of the head of bacte-
riophage T4. Nature, 227, 680-685.

4. Ilounier Y.; l{o"lyT: ai-d-stevens L. 1989. Compa-
red properties of the contractile system of
skinned slow and fast rat muscle fibres.
Pfl iiqers Arch., in press.

5. SeTnfifi-G-.;-Betto R. and Danieli-Betto D. 1982.
Polymorphism of myofibrillar proteins of rabbit
skeletal-muscle fibres. Eiochim. t. 207, 26L-27L

6. oganov v.s., Potapov l. Hll-56-ratova-5, n. ana

Therefore, after spaceflight, the calcium affi-
nity of the contracti'le proteins appeared modified
only for the slow twitch muscle,

In order to examine the contractile proteins
content after spaceflight, a SDS-PAGE was performed
The isoform content of the myosin light chain and
of the troponin C were compared for synchronous and
flight animals (Fig. 3). The isoforms were identi-
fied 'in agreement with Salviati's results (5). 0n
the soleus, for S animals, the light chain isoforms
can be sootted as the LCr"-. LC,-. and LC"- s'low
isoforms' usual ly des cri b6a: 

-The'iiofo 
rm of'the Tnc

of the s'low fibers, TnC., appeared. After the ffiglt
two other myosin light ahain isoforms appeared.
They had a faster migration than the slow ones and
were identified as the LClf and LC26 fast isoforms.
Moreover, a fast isofom 6i the Tnt'appeared. the
results confirmed the transformation of the fibers
from a slow type towards that of a fast one. The
emergence of the TnCf might exp'lain the modifica-
tion of the calcium binding properties observed in
the soleus fiber after spaceflight while the chan-
ges in the light chain isoforms m'ight explain the
change of the rate of force developnent. The appea-
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WATER INTAKE AT POST_EXERCISE COMPARING

BETIIEEN HEAD_UP AND _DOWN TILTING IN WOMAN

Lab.of Human Physiol ., Tokyo Worran's
Chrrst j.an Unr.v., Suginaml-ku, Tokyo, JAPAN
167 , Lab . Health Admj.nistration, Faculty
of Medicine, lJniv. of Tokyo, Bunkyo-ku
Tokyo,JAPAN 113

As changed the body positlon to head-up
and -down tilrng rnrrEdiately after a m11d
profonged supine exerci.se, water intake at
the post-exerclse vas investigated rith

measurements of cardiovascular responses
,body temperature and body weight to know
].f the water intake lras depressed by the
head down tilting(HDT). 5 female students
have perforned a 300 kpm,/min. exercise for
50 mr.nutes in high enviroftEntal tempera-

ture of 35b ,Inriediately after the exercj.
-se the body posrtion lras changed to 10'
HUT or HDT and then mai-ntained for 15
minutes of recoeery. At the l5th mrnute of
recovery, the subjects Lntaked col-d water
of 711"C at wi11. Through the experiments

, VO2, HR. BP, CO, FBF, Tsk and TE^H were
[Easured. Water lntdke at the 15 minutes
of the poEt-exercise Has significantly
smal ler j.n 10'HDT than in 10"HUT(p<0.01).

T'he vater j"ntake lras not slqnificantly
correlated to the decreflEnt in the bodl
verght ,and also to the change in body
temperature. CardLo-vascular responses
during recovery of the exercise were not
s].gnificantly different between the teo
tiltrng positj,ons, except diastolic arteri
-al pressure vhi.ch was slgh1flcantly lor.er
in the HDT(P<0.05). The presented results
suggest that as chahged body positron

rlrrrledi.ately after a mlId prol,ohged supine
exercise in high temperature condition,
water intake at the post-exercise should
be depressed by the HDT as welL as shown
during exercise.

In the some previolrs studres,vater rntake
in man should be affected by the change

in central blood volunE vith gravitational
stimul.us. In our previous study presented
in IUPS meeting of 1988, rre have reported
that the increased central blood volulE

in HDT depressed the center of i.ater
intake during prolong mild exercise under
the tt.o envrronEntaL conditions of 26'C
and 37'C. In th]'s stusy,as changed the
body to the HUT and the HDT lnrrEdiately
after a mj.Id prolonged supr.ne exercise,
lrater j,ntake at the post-exerctse lras
rnvestigated l,ith nEasurements of cardio-
vascular responses, body temperature, and
body t{ej.ght to know r,hether the uater
lntake vas depressed by the HDT.

(Methods )

Five female students participated as the
subjects 1n the study. Thetr averaged body
,.reight(Wt. ),body helght(Ht. ) maximum
oxygen uptake(Vo2rnax ) were 50.2kq,163.5cm
and 39 .7fi,/kg/min. respectively. The
averaged values Here little higher than
the vaiues of Japanese saane aged women,
Before the experrlnent,the subjects lrere in
-forrned detaals of the study,They could
not intake any water and food for about
six hours before the start of experiments.
In F1gure l,protocol of experiarlent was
111ustrated. That is,after 15 minutes rest
,a supine peda1i.ng exercrse of d 3OO/kVn//
min.uas performed for 50 minutes in high
enviromemtal temperature of 35'C, then, irtme
dlately after exerclse,the body positi.on
$ras changed to 10 HUT or HDT and rnaintain
ed for 15 minutes of recovery,the subjects
lntaked cold \rater of 711'C at vrl1.The
arnount of \rater drunk determtned as the vo
-1ume wanted i.n each sublects and rras aden
-tr.fied as eater intake. Through all experi
rEnts,oxygen uptake (VO2),heart rate(HR),
arterial b.Lood pressure ( BP ) , cardj'ac output
(CO), fore-arm blood flov(FBF),mean skrn
temperature ( Tsk ) ahd external audiomutus
teBperature rere tneasured at each point
alohg the experi.Inental time table.In measu
-ring each VO2 Hith breath by breath iias
averaged for every 30 second and determr
-ned as VO2 at the point by a metabolic
analying system *hrch vas constructed with
mass-spectroiEter, gas ffot -rEter and
computer.HR t.as counted on the record of
EKG by computer systen . Arter j.a I blood pre-
ssure \ras measured by means of auscultati-
on method in the right upper arm. CO was
nEasured by a trEthod of acetylen+argon
9ase9 rebreathing technique,of t{hich the
gases were analysed by a mass spectronEter

FBF lras rneasured rn the left fore-arm by
usinq rubber stralngauge plethytnography.

Each of body temperatures uas measured by
a thermister system, We used the student
I-TEST for statrstical comparisons betueen
each other of all averaged values given in
th j.s study.
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(Results and discussion )

In Frgure 2,the upper part of the figure
shows the averaqed rrater intake in the sub
-Jects given at 15th mj.nute of recovery rn
each experilrEnt. The dovn part of .l.t shorrs
the averaged decrernent in lJt.of the sub-

jects between before and after experj.ments
There was no sj.gnif]'cant difference in

the decrement of l{t. between the two body
posations, The lrater intake in HDT was
srgn].frcantl? greater than it 1n HUT.VO2
during c:xerci.se was about l!/min. 1n the
body conditrons and corresponded alnlost
40% of Vo2ntax 1n the sublects, Comparing
bett.reen the tl,o positrons llEde durlng
recovery of the exercise,V02 lras not
dlfferent vJi.th each other,lrh1Ie Tsk and
Team vere little bit fower than ln the HUT
but not signiflcant different.All of HR

,C0 and systollc arterial pressure(SAP) at
every point during exercise and recovery

vere no sagnif-icant difference bet{een the
tHo body posit i.ons, vhi.le dlastolic arte-

rial blood pressure(DAP) vras srgnaficantly
lower an HDT than HUT,Even :'f the DAP was
lowered by HDT,nEan arterial pressure

(l4AP) was not different between the tvo
positions. Cornparihgr betveen the two tilt-
i.ng posj.trons at recovery, the both of
total perpherial resistance (TPR) and
stroke volume(SV) presented almost the
sarne Levels,although fore-arm volume con-
ductance (FVC) 1n HUT was 1itt1e b1t lover
than 1n HDT, but not .signrficaht. F rgure 3
shows the relationships betveen water

intake and stroke volurne (SV).It was shovn
that an i.nverse srgnlficant correlation

in the relationshrp vas 91ven during exer-
cjse rn the previous study,but in spite

of the different tiltlng posr- tions,such
a saqnrflcant correlation llas not preseht-
d at the post-exercige in this study.The

fact rs due to that SV was not i.nfluenced
by alternatr.ng body posj.tion durlng recov-
ery after mI1d prolong suprne exercl.se.

Ar 16th min ot B€cov.ry

M..n ! SO or rrnidl
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Figure 2. Water volurlE intaken
at i5th mrnute of recovery and
the dr.fference body werght bet-
\reen before and after exercrse
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voIulE

-t
E

o
E

E

o
!
o

o

- 

cluring or6rcisc
I HUT
t H OT

-- 
At 15rh min ol recov€ry
HUT
HD T

aonc !us1on )

30

ioo!

As changed body posrt.ron J.Il[ned]'ateiy
after a m1l,d prolonged suplne exerclse ]'n
hj.gh temperature condltion (366 C ) ,water
t.take at .-he l5th mlnute of the post-

"*"r.r=" 
was slgnrfrcantLy snEl'ler .rn 10(

llDT than in I0' HUT (P<0.01).The water
]n+-ake vas not signlficantly correLated to
the decrement 1n t{t.,and also to the

change rn body temperature ' Both Tsk and
1'EtM durlng recovery of for the exercise
were rather l1ttie brt hrgher rn HDT than
rn I{UT . Card ro-vascu.l.ar responses during
recovery of the exercj.se were not sj-gn1fj.-
cantly dlfferent betveen the two t1lt1ng
of HU and i{D,except DAP which was signrf].-
cant.Ly lo\,rer rn HDT lP(0 . 05 ) . In concluslon
,as chanqed body posttron rarrEdiatefy
dfter a mild prolonged supLne exerclse rn
.11gh temperature condition,water intake at
the post-exercrse shouid be depressed b)'

the HDT as wel] as shotrn durrng exerclse.
Because the central bLood voludE and braln
oLood flow are filied up by the HDT,the

center of ,ater ihtake r"aas rEde to lover
the activaty.
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IilTN(trI'CT IO,I -
Previous reports h6ve demonst.sted that

,Ior{-tvritch nusclea auch as goleus, strophy to
a greater extent than f8st-twitch nuscles, in
reaponae to e simulated or reel microgaovity
(2, t, 7, 8, 9). In addition to the loss of
mJscle mass, numerouB investiqators have
studied changes in mrgcle atructure and
function. However, Iitt]e is known on the
effects of microgrsvity on the components of
the respiratory system, namely on capillories
and mitochond.ia (4, 5). The paesent study was
designed to examine the effecta of I5 rk-
tsil suspension period (6) on the ultre-
structural composition of soleus mJscle.
Stereologic techniques ('10) were used to
estimEte fluscle capi.Ilsry and the volume
density of mitochondria, myofibrils and
satellite ceIls. Ihis morphometric spprosch
sl.Lowed us to quantify the topologicsl
relationships among the various Eites of
cellular activity (4, 5).

XATERIAL end lfTHfi)S -
The experiments were performed on ten

fenala pathogen free l,listar rate .(mean body
v€ight : 150 g). The rats l,ere housed in s
tempersture contro.Iled .oom (22-24oC) viith I
12:12 light-dark cycle. They were provided
Ylj.th rrater and Purins laboratory chor ad
Iibitum. ono week later, half of them were
su€pended in individusl csges using l'lorey's
t6iI suspension model (5). Fi.ve ueeks lster,
sII the rsts were anesthetized by an
inhalation of halothane. The soleus yras

processed for morphometric analyses by
fixation in a 6.259 Bolution of glutaraldehyde
8s previou8ly descrlbed (4). Ultrethin
sections (60-90 rn) were cut r{iLh an LKB
uLtramicrotome from two rendomly chosen tissue
blocks per each soleus nruscle, Tielve
,nicroglspha per [usc.Le $ere tsken on ]5 nrn

film with s Philips ,00 electron microscop.
Capillary numbe!, fiber number and fiber 6rea
rere estimsted at a fin6l magniflcation of x
'1500, gnalysing 150 nuscle fibers profiles in
each fiJgcle. The number oF fibera and
capil.lsries were counted directly. For meen
fiber cross-sectionsl area, sampling was done
by point-countinq rith a grid A 100 (100 tesL
points), as previously described (10). A final
msgnificstion of 24000 (40 microgrephs) was

used to estimate the voLume density of
interfibrillsr nitochondris Vv (rni,f), subsar-

colemsl mitochondria Vv (ms,f), total
mitochondris Vv (mt,f), myofibrils Vv (fi,f)
and satellite cell.s W (sat celI,f). Point
counting rras performed with e grid C 16 ('144
test points). Absolute vslues were obtained by

mrltiplying the volune denaities of these
cooponenta }Jith the muscle volume. Stotisticsl
anglysea were performed using the Mann-Withney
Sum-Renk tes!.

RESII.IS -
After suspension, the soleus atrophy r{ss

great (-60%). The mean fiber cross-section6I
aDea rras significontly .educed from 1875+180
Lo 418+75 P m2. Capills.ies per fiber l,ere
decreasEd (2.?4+o.14 vs 1.4+0.11) while
capillery densiiy was higher - (12)1+98 vs
1054+277 cap.mt-2).

Mean oyofiblil volume density l{as lovier
(-5%) after 5 wk of hypokinesia (Teble 1).
There ras a tendency to an increase for total
mitochondrial volume denaity (17%) that did
not reach ststisticel significsnce on the bulk
estimate of the whole fiber. This because a
ehift fron the aubsarcolemal to the inter-
fibrillar nitochondrio occurred (Table 1). The
satellite cell vo.Iume den3ity vras increased
6-fold (IsbLe 1).

EFFECI (tr SIN'LATED I'IICROGRAVITY
O{ T}f IT-TRASIRIITURAL CO?OSITIO{(f RAT 5{I-EU5 I{JSCLE.

D. DESPLANCHES1, S

R. ELANDROIS

2, B, stueoRt

HOPPELER2

R . (AYAR

and H.

Control H/H 5 wk

1t.O + 1vv ( fi, f)

vv (mt, f)

vv (mi, f)

V, ( nrs, f)
(sat cell, f) 0.05+ 0,04 0.12+ 0.10*

Tsble 1 - Volume density of nryofibrils (Vv
(fi,f), totsl mitochondria Vv (mt,f),
interfibrillar mitochondria Vv (mi, f) ,
subssrcolefillal mitochondria, Vv (rns, f) and
satellite Vv (sat cel1, f), from soleus of
control and 5-wk hypodynsmic-hypokinetic r8ts
(H/H 5 wk). Values are meansi units, cmrlcmJi*significant p<0.05.

Abso.lute vslues of mitochondrial and
myofibrillar volumes were obtBined by
fliJltiplying the volume densities of Lhese
components with the muscle volume, The
absolute voluoe of myofibrils (0.081+0,005
cml), interfibrillar (0.01G10.001 cml)i sub-
sarcolemal (0.004+0.001 ;ml) and total
(0.01 5C.001 cml) w-ere d.amatically decreased
by 5r, 45, It and 5t% respectively.

Drscussltn -
A marked decline (60%) in mrscle mesa

occurred after hypodynsmia-hypokinesia. The
fiber me6n cross-aectional area decreased to a
greater extent (75%) th6n the cspillaries per
fiber (17%) leading to a higher cepill6ry
density (148%) . The large drop in muscle
volume seemed to effect the composition of the
muscle cells only I little. The volume density
of myofibrils vias slightly but 6ignificently
reduced (-6X) t{hile the total oitochondrial
volume density remsined unchanged, on the bulk
estimste of the whole fiber. These findings
are in agreement rith the results of Steffen
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snd I'i8scchia (8). They reported that
sercoplasmic paotein accounted fo,. )7.5ua of
the noncollagen protein in soleua rats expooed
to 7 d6ys of weiqhtlessness (Specelab-l
Bhuttle flight ) but only ,2.5% in ground
controls. On the other h6nd, Tsika et e1 (9)
noted a msrked loss in soleus myofibril
protein concentrstion (45%) j.n 5-}{k suspended
aat9.

A shift From the subssrcolenmel to
interfib.ills. milochondria occurred,
according to the findings of Ritey et a1 (7)
trho desclibed fewer Gubsarcolemml mito-
chondria in flight muscle fibe.s. The increase
in volume density of satellite cells guggested
ruscle regenerative events (1) but it is
currently open to question Hether satellite
cells are activated in hypokinesia-
hypodynsmia.

AC(NfiILEDGA'INTS - This research lras supported
by a q.ont f.om Fondation pour la Recherche
M6dical.e.

REFERENCES -
1 - ALLBRoo( D.B. Skeletal mu6c]e regeneration

Muscle and Nerve, 4 : 2t4-245, 1981

2 - DESPLANCHES D,, t'l.H, MAYET, B. SEMPoRE End
R. FLANDRoIS. Structural and functional
leaponaee to plolonged hindlimb su6pen-
sion in r8t m.racle. J. AppI. Physiol.'
6, | 558-561, '1987a)

, - DESPLANCHES 0., M.H. HAYEI, B. 5EMPORE, J.
FRtlT050 snd R. FLANDR015. Effect of
spontaneoua recovery or retraining after
hindlimb suspension on aerobic capacity.
J. Appl. Physiol., 6t | 1119-1741, '1987b

HOPPELER H., O. i.IATHIEU, R. KRAUER, H,
CLAASSEN, R,B. ARMSTRoNG 6nd E.R.WEIBEL.
D6ign of the maimslian respifatory
6yatem. VI- Distribution of mitochondria
and capillaries in veaious muscLeg.
Respir. Physiol., 44 '. 87-1'11, 1981

9 - TSIKA R,l{,, R.E. HERRICK and (.M. BALDWIN.
Effect of anabolic steroi.da on skeletal
muacle mass during hindlimb suspension.
J, Appl.. Physiol.., 6t | 2122-2127, 1981

10 - WEIBEL E,R. Stereological nethods, Vo1une
I. Practical methodB for biologica.l
mo.phometry. London, Acadenic P.eas, 415
p, 1979

5 - (AYAR S.R., H. CLAASSEN, H. HoPPELER and
E, R. I{EIEEL. flitochondrial distribution
in relation to changes in nuscle
metaboLism in rat soleus.
Respir. Physiol., 64 t 1-11, 1986

5 - MoREY E.R. Spaceflight and bone turnover :
co.relstion with a new rat model of
v/e ight lessness. Bioscience, ?9 | 168-
172, 1979

4

7

B

RILEY D.A., S. ELL15, G.R, SLoCUM
SATYANARAYANA, J. L.li. BAIN and
SEDLAK. Hypogravity-induced atroph

,T
F.R
yo

let soleus 6nd extensor digitorum longug
muacles. Muscle and nerve, 10 : 550-568,
1941

STEFFEN J,M. snd X.J. K.,SACCHIA. Space
flight effect8 on sdult dnrscle protein,
nuclei acids and amino acids.
Am. J. Physiol., 251 | R1O59-1O6}, 1986

The Physiologist, Vol. 33, No. I, Suppl., 1990 s,85



BIOMECHANICAL CIiAEACTERISTICS OF !.I. SOLEUS
AND M.GASTROCNEUIUS OF RATS IN MUSACCHIA,S

I.tODEL

J.Hideg, F.cuha', A. Pozsgai, r.ocsgyszkl,
F.K6kes-Szab6 , P. Renes, M,Rapcs5k''

gungarian People's Army Medlcal corps
' Institute of Biochemlstry, Szent-Gytjrgyi
Vpiverslty Medlcal school , szeged' ' Institute of Pathophys lology, Univelsity
Medical School, Debrecen

The experiences of space flights prove
that under the influence of weightlessness,
several such functional- and morphologic
changes come into being ln different organ
systens - among others in the muscular sys-
ten - which influence the physical vork
ability, The long tern vreightlessness leads
to deterioration of muscula! functlons.

Several methods have been elaborated
in the field of anlmal experinents for mod-
e11ing rretghtlessness in the earth. Fron
these the l{hole body hypokinesis, brought
about by a special cage, stood the test.
During these experlrents it was stated
that the nuscular atrophy emergence is the
most rapid and its degree is the biggest
in the so called slow type nuscles,

Recently liusacchia rdorked out a ne!,
kind of nodel for examining short telm
hypokinesj.s: in this model the rat j.s so
hanged up that its weight is set to its up-
per limbs and the hind limbs are eased of
burden. l.tusacchia and hi.s co-workers stated
that the weight of m.gastrocnenius expli-
citly decreased during the 7 days term of
hanging up uhlle the weight of n.EDL alid
not change. The decrease in the nurnber of
myofibrils can be regarded as one of the
causes of the Lncreased potassiun evacua-
tion. In connection with the m.soleus they
stated that the nunber of its sloi\, fibres
notably decreased whlle these changes can
not be noticed in the fast flbres. In the
plasna the corticosterone leveL while in
the muscles first of all i.n m.soleus the
nunber of the glucocortlcoid-receptors
siqnif icantly incleaseal. According to
lllusacchia, his nethod makes possible a
good conparison - ln the lespect of muscle-
norphonetrlc changes - i,ith the changes
produced by space flights.

In our present work we looked for an
ansuer that how can be chalacterlzed the
changes, caused by whole body hypokinesis
and Musacchia's imnobilizatlon nethod, by
biomechanical parameters.

Material and method

In our experiments lre used cFY male
rats !,'ith nean welght 23o g, one group of
the animals were exposed to hypokinesj.s,
by means of special cages, in the case of

the other group we used I'lusacchia's lmmo-
bllization method. The control animals
could move without restriction. 20-20 ani-
nals wele in all groups. vle used 14-28
days of exposition and at the end of it
t!.soleus and rn. gastrocnemius urere Pre-
pared in Nenbutal anaesthesla. Following
muscle welght neasuring the convulsLons
were proaluced by indlrect electrlc stimuli
under isometric conditions. Afte! dlgital-
ization i,re anallsed the convulsive diagram
by computer, we determlned the follovring
parameters, contraction tLne /'l-,/ , convul-
sive half-time /T, ,-/, naximum Eenslon
/Te-l, maximum spE66 ot contraction /v^/
and"'relaxatIon /v-/. From these, for cbn-
parlson of the tw6 different method, we
used the values of Tetn.

Results
Exanining the body welght of the ani-

nals we notlced that weight gro'^,th of hypo-
klnetic anlmals conslderably falls behtnd,
conpared to those of controls, while in
the animals innobilized according to
Musacchia - after a short stagnancy - the
weight growth began anal it nearly coin-
cided yrith the weight growth of controls.

we illustrate the muscle r^'elght
changes ln fig. 1.

!***--"tr"*"-*-E*- "-"E*.' -*"

Figule 1. Muscle weight changes

As lt can be seen the lil-28 days of
hypokinesis pertoal does not influence the
vreight of m.soleus but the MusacchLa's
immobilizatlon has gleatly decreased lt
already on the 'l4th day. The treight of n.
gastrocnenius sinilarly decreased afte!
14 days in both welghtlessness nodels,
this decrease is nore slgnificant in
Musacchia's model after 28 days.

comparing the values of Te- of hypo-
kinetic and Musacchia's model we notlced
the follorrlng. The hypokinesls aloes not
cause tenslon aleclease in m.soleus and it
ls llttle /not slgniflcant/ even in m.
gastlocnemius on the 28th day. At the
sane time the l.lusacchla's Intnobllization
produces an explicit tenslon decrease
ln m.soleus already on the I'lth day and
ln m.gastrocnemius on the 28th alay.
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Conclu s ion
In the anLrnals exposed to vrhole body

hypokinesis - the applied expositlon tLne-
did not cause neither muscle vreight de-
crease nor tensi-on decrease in m.soleus.
l,luscle weight and tenslon decrease was
rathe! slight in gastrocnenius.

In the anltnals -imtnobilized accordino
to Musacchia- the atrophy of slow fibres
could be seen as a prime factor. The slow
type m.soleus showed chanqes, character-
isctlc to fast muscles. l.t. gastrocnenius 1s
less sensitLve to such kind of lmmobi-
lization, in regard to biomechanical
characteristlcs .

In the muscles, examined by us, the
changes in biomechanical parameters - re-
sultlng from Musacchia's imnobj.lization -
corresponal to so far studied earthy, fur-
thernore even to bio-sputnik expellmenta1
biochemlcal and histochemical changes.
The llusacchia's nodel sirnulates L'e11 the
bi.onechanicaJ. changes, resultlng in'rej.ght-
Iessness.

Tendency of V and V
tr^,o di f i erentcmu scl eEEigure 2 Tendency of Te values in the two

dlffereirt modeTs

In the field of the other measured
biomechanical paraneters the two dlfferent
nuscles showed the foltowing changes: the
T^ and Tr /, signiflcantly decreased after
1E days t6'm.soleus. These values increased
in m.gastrocnemius . After a 28 days period
the above values alecrease became more ex-
pressed in m.soleus and we tested a ninl-
nal decrease of T^, and T1 ," in m.qastloc-
nenius. L Ll z

Figule 3. Tendency of T^ and fr /,tvro dif f erent-rnuscle!''

V^ increased while V- renained un-
changea in m.so1eus. In m:gastrocnemius
Vr signlficantly increased by an unchanged

The PhysioloSist, vol. 33, No. l, Suppl., 1990 s-8?



TII4E-COURSE OF SOLEUS I,IUSCLE.CHANGE IN AND.
RECOVERY FROI'I DISUSE ATROPHY

M. Falempin, T. Lec'lercq, D. Leterme and
Y. Mounier

Laboratoire de Physiologie des Structures Contrac-
tiles, tjnivers'itE des Sciences et Techniques de
Lille, 59655 villeneuve d'Ascq Cedex, FRANCE.

INTROOUCTION
Numerous observations on animals and human

beings flown into space demonstrated the develop-
ment of skeletal muscle atrophy particularly at the'level of the antigravity nuscles, These atrophic
responses observed in hindlimb muscles after space-
f'light were fa'ithfully reproduced in ground based
models of weightlessness such as hindlimb suspen-
sion used on rats (3,4). uith these models, many
authors described muscular atrophy and changes 'in
the mechanical properties on different fast and
s.low musc'les after various hindlinb suspension du-
rations, However, few papers focused on the time-
course of muscle changes and recovery for a very
same musc'le.

In the present investigation, an attempt was ma-
de, first, to demonstrate that the degree of atro-
phy and the changes of the mechanical parameters
were dependent on the duration of the disuse and,
secondly, to examine the kinet'ic of recovery after
the development of a maximal atrophy,

I'IETHODS
Male tlistar rats weighing 200-300 9 were random-

ly distributed into three series : control rats,
hindlimb suspended (HS) rats and rats submitted to
hind'limh suspens'ion followed by a recovery period
(Rec). (HS) and (Rec) animals called "experimental"
in the followinq description had their hindlinbs

suspended in an apparatus as previously described
(3). Periods of suspension nere 2' 5,8, 15 and 30
days. Recovery was tested on rats suspended for 15

days and allowed afteruards to walk normally on the
floor of individual cages during periods of 2' 5' 8
and 15 days. For each period of suspension or reco-
very, groups of 5 animals (10 nuscles) were studied
Simultaneous experiments were performed on age-mat-
ched control groups of 3 animals (6 muscles).

For experinental procedures, animals were anaes-
thetized using sodium pentobarbital (35 mg/k9, ip).
The contractile properties of the soleus were re-
corded in situ after stimulation .of the severed ti-
bia'l nerve with square wave pulses (100 us duration,
supramaximal voltage). l.leasurements were made at
the muscle length Ll,\ for which maximal twitch ten-
sion was attained. Experiments were performed at
35"C.

The results were analysed using a two-way analy-
sis of variance (ANoVA) and appropriate post hoc
tests. A level of P.0.05 was chosen as signifi-
cant. Data are presented as means + SE.

RESULTS

Table 1 sholrs the morphometric characteristics
and the naximal peak tetanic tensions Po on HS and
Rec animals. In order to ease the readiig of the
table, abso'lute'values for age-matched control
groups were omitted and we chose to report the dif-
ferences between each experimenta'l group and its
corresponding age-matched control 9roup.

After 2 days of suspension, the soleus wet weight
remained siflilar to that of the control group. La-
ter on, the longer the suspension period, the lar-
ger the soleus atrophy, that reached a maximum ef-
fect after 15 days of suspension. No significant
change was observed between 15 and 30 days. So, it
appeared clearly that a structural atrophy occured
on the soleus as early as after 5 days of disuse
and that this atrophy happened progress'ively depen-
ding on the duration of the disuse until it reached
a maximal state. IJhen atrophy l,,/as achieved, the re-
covery was control'led after various periods of time
The soleus muscle weight showed a significant and
progressive 'increase. After 15 days, the recovery
remained incomplete compared to age-matched rats
but the ll value reached that of the control group
tested just before suspension (S, 0 days). The peak
tetanic tension (P^) either expfessed in g or per
cross-sectional arEa unit (g/rmz) decreased conti-
nuously simultaneously with the development of
atrophy until it reached a reduced level after 15
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?able 1. I'lo"phonet"'ie charaeter'iotics otd peak tetdnic tenlionl af,tet dif,f,etert suspension and recotlerg
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lN : nu,cle Det Deight ; CSA : c"ose-sectional area eitinated by dividing Mv by La ; Pa : peak tetafiic ten-
eion reeorded at 40 ltz ; Nf,f : diffetencea aa esp?eased in pe" eent of, eaeh agetnatched control grorp.
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the conaidered eaper'inental gtotp otd the nea?e6t sigtrificottly dif,f,e"ent, g"oup of the s@p se?ie of @ti-
nale (P < 0.05),
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days of HS. Then it remained unchanged. After rea-
ching the maximal decrease, recovery started after
5 days and returned progressively to a value simi-
lar to that of the control group before suspension.
However a fortnight is not enough for complete re-
covery compared the age-matched group, The diffe-
rence remained equal to 9.1 per cent.

D'ifferent parameters can be used to characterize
a muscle type. In our experinents, three were mea-
sured (Fig. 1) : the contract'ion time (CT) or time
to peak tension, the (PzOlPo) ratio vrhich corres-
ponded to the subtetanic tension at 20 Hz relative
to Po and finally the fat'igue index (FI). This lat-
ter paraneter was determined by 330 ms trains of
impulses delivered at 40 Hz once a second for a 2

min period. FI t{as calculated as the ratio between
the relative tension at 2 min and the maximum ten-
sion obtained at the beginning of the stimulation,

Finally, the fatigue index Fl increased during
suspension indicating that the soleus became more
res i stant.

For the three parameters, recovery appeared as a
progressive process and was maximal after 15 days.

OI SCUSSION
The present study dealt with the rates at which

muscular atrophy and recovery of a slolr postural
muscle, the soleus, occured after different periods
of HS. our results showed that the muscular atrophy
lras a process which developped progressively until
it reached a maxima after 15 days of Hs. A "plateau"
in the development of the muscular atrophy was sug-
gested so far as the values of the Ml,l and Po were
not significantly different betvreen 15 and 30 days
of HS. The muscular atrophy could be correlated to
the decrease in the cross-sectional area of the
muscu'lar fibers observed after HS (1) or after spa-
ceflight (5) and partly explained by a decrease in
the protein content (2). our data showed that after
HS, the slow soleus muscle reacted as a faster mus-
cle. The CT and the P2OlPo ratio decreased signifi-
cantly comparatively to control va'lues indicating
a transfonnation of the muscular phenotype towards
that of a faster muscle. The FI was also modified :

the soleus nuscle became more resistant. This lat-
ter result might appear in contradiction with the
changes of the two other parameters. However, al'l
these modificat'ions could be explained by an in-
crease of the percentage of type IIA fast, fatigue
resistant muscular fibers, observed after diffe-
rent periods of HS (1).

our results also showed that a period of 15 days
of spontaneous recovery was sufficient since most
of the studied parameters recovered values compara-
ble to control values. A significant recovery was
observed after 5 days and was achieved progressive-
ly up to 15 days. A similar progressive readapta-
tion of the soleus nuscle l{as also found after spa-
ceflight cosmos 1129 (6). These two data suggested
that the readaptation period required for normali-
zat'ion of the soleus muscle after disuse seemed to
be positively associated with the length of the
di suse period i tsel f.
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each parameter were considered as a single group
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CT progressively decreased in HS conditions from
a mean va'lue of 42 ms to 27 ns after 8 days of HS,
No other_change was observed for'longer suspension.
So the slow soleus became faster aft;r HS-

The mean P26,/P^ ratio equa'lled 83.5 Z for the
control groups, a-value similar to those general'ly
reported for a slow muscle. It significanaly de- 

-

creased after 5 days of HS to abort 60 * afier 15
days of HS. This 'lower value indicated a pattern
more typical of a faster muscle since thii ratio
was equal to about 30 I in a fast muscle such as
the EDL.
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EVIDENCES FOR SLOX TO FAST CHANGES IN THE CONTRAC-

TILE PROTEINS OF RAT SOLEUS MUSCLE AFTER HINDLII4B
SUSPENSI0N : STUDIES 0N SKINNED FIBERS.

L. Stevens, Y. l'!ounier

were first characterized by a pronounced atrophy.
Indeed, our results showed that fiber diameter si-
qnificantly decreased fron 76.07 12'57 um to 53.57
+ 1.30 um. Moreover, the maximal isometric tension
F., expressed in mg and elicited by a high calcium
s6lution (here pca 4.6) significantly dropped from
32,00 t 3.62 mg to 16.00 t 0.64 mg. However, this
maximal force Pn when expressed per cross-settionaI
area remained uichanged : 0.9l^t 0.12 kg.cm-z for
contro] and 0,84 i 0.13 kg.cm-z for suspended rats.
This indicated that the force loss in terms of ab-
solute tension could directly be correlated with
the decrease in fiber dianeter and thus with the
muscle atrophy. This muscle atrophy was in complete
aqreement with the one qenerally described after
similar periods of muscle disuse and was reported
to be primarily due to a loss in muscle myofibril-
lar proteins, resulting from decreased prote'in syn-
thesis and/or increased protein catabolism (1).

one way to exanine the properties of the con-
tractile prote'ins of muscle fibers was to establish
the relation between calcium concentration (expres-
ded in pca units) and developed tension. Fig. 1

showed. on control and suspended rats, typical re-
cords of tension developed by a single fiber after
the application of various pca solutions. These re-
cords illustrated the loss of muscle strength after
atrophy since for a given pca value, the tension
(in mg) decreased on suspended rat fibers.

INTRODUCTION
Muscu'lar functions are well known to be altered

by an exposure to weightless environments, i.e. af-
ter spaceflights (6). The effects were found to be
greatest on muscles which were responsible for pos-
tural and loading functions. To assess physiologi-
cal and/or biochemical responses of muscles exposed
to \{eightlessness without any spaceflight experi-
mental lim'itat'ions, a variety of animal models were
developed (4). In this study we used a hindlimb
suspension model which consisted in a suspended rat
whose hindl'imbs were non-load-bearing for a certain
period. Previous works on rats reported that hind-
iimb suspension (HS) provoked muscle atrophy, a1-
terations in muscle contractile properties (8) and
in fiber type distribution (2).

To approach these problems we chose the soleus
muscle since it provided good representation of
toad-bearing functions. our study of the contracti-
le properties focused on the contractile protein
comportment towards the calcium ions (tension/pca'
Vmax). l4oreover, the fiber sensitivity towards the
stioirtium ions was controlled since it is known

that slow or fast rnuscle fibers can be distingui-
shed by their strontium sensitivity'

METHOOS

Adult l/istar rats (250 g) were suspended for
fifteen days as previously described in l'lronski and

Morey-Holton tai'l suspension model (4)' This form
of hindlimb suspension (HS) al'lowed the rats to
walk freelv on their forelimbs and gain continuous
access to iood and water. A group of non-suspended
or control rats was used for conparison'

On the i5th day of HS, the rats were anestheti-
zed with an intraperitoneal iniection of pentobar-
bital sodium (30 mg/ks body wt) and the muscles we-
re raoidlv excised from the hindlinbs of the rats.
A cheini cai skinninq procedure was performed by ex-
oosure of the muscular biopsies to "a skinning so-riution" containing EGTA (5). The use of skinned fi-
bers Dermitted a airect investigation of the con-
tractile apparatus. The experiments consisted'in
recordinq isometric contractions deve'loped by a

sinole slinned fiber bathed in pca or psr activa-
tini solutions (px = - logI x ] ). These solutions
weri calculated using a computer progran (5).

Statistical analysis (significance at 95 % con-
fidence level) was irerfoimei using the Student's t
test conparing suspended (n = 12) and control rats
(n = 10). Data were presented as mean i S.E.l't'

RESULTS AND OISCUSSION
After two weeks of HS, the soleus musc'le fibers

SUSPENDED

3uo

i-ig, 1. Repreeentatiue tensian tecords foz' a con-
ltal and a sL,spended rac fiber.

According to these records, the relationship
between relitive tension and pca (T/pca) could be

estab'lished : the tension P at each pca value was

normalized to P^ and related to the calcium concen-
tration, for co;trol and atrophied animals (Fi9. 2,
A). various oarameters derived from these curves
d6scribed thL characteristics of the contractile
oroteins : the first observation was that after HS
'tte t/pCa curve was not shifted along the pca axis.
So. thb value of the pca50, corresponding to the
vaiue of the oca necessart to obtain half maximal

tension, was not changed. Since this value indica-
ted the aDDarent calcium affinity of the contracti-
le apparatus, no change in such affinity could be

considered here,

6'

E
6
a
Hr

O c.z' @ sa,

rC' ('&)

Fig, 2, fhcd dnd. T/pst 
"elation,hi?e 

of sol'eus aid
EDL iuaele fibets.
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Another parameter describing th€ T/pCa relat'ionship
was the va'lue of the calcium threshold of activa-
t'ion. The value of this parameter appeared higher
after suspension since it was pca 6.4 for control
animals and pca 6.2 for suspended ones, This meant
that after HS, fibers started to contract with a
higher calcium concentrat'ion when compared to con-
trol fibers. By establishing the T/pCa curve for a
typical fast muqc]e, the EoL, we showed that t
value of the Caz+ threshold of activation for
leus after HS was comparable to the one found
EDL (pca 6.2), Finally another result could be de-
rived from the T/pCa curve : the Hil'l coefficient
which described the steepness of the curve.

A convenient way to examine the changes in the
steepness was to 'linearize the T/pCa experimental
curve (Fi9. 3). The transformation resulted in
plots that could be treated as two straight lines,
one for P/Po above 50 Z and another one for P/Po
under 50 %.

ve corresponded to the maximal value of the ratio
dPldt a'lso ca'lled Vmax. le can see on the records
of Fig. 1 that after HS the force developed faster.
Vmax was related to the corresponding pCa value
(Fi9. 4) : for a same pca value, Vmax was higher
after HS.

he
so-
for

-2
6.4 5.6 4.8

Fig, 4. Vno, of conttal and HS "at rarcle fibers.

This increase in contraction speed was consis-
tent with the transformat'ion of type I slow fibers
into type II fast fibers described after HS (2).

To conclude, after a period of disuse induced by
fifteen days of HS, the soleus muscle showed very
important changes in its contracti le properties.
Al'l the data provided additional evidences of a
transformation of its usually slow characteristics
into those of a faster muscle.
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Pca

fig, 3. HILL plat t"ansfomratian of the I/pCa ea-
pe?imental data.

It appeared that the Hill coefficients nr (for
P/Po > 50 %) and n2 (for P/Po.50 %) were equal
to 2,9 and 2.4 undEr control-conditions. After HS,
both slopes of the relation were higher, nl and n2
becoming respectively equal to 3.4 and 3.0: In moit
current models of muscle activation, the value of
the Hill^coefficient reflected the cooperativity
among Caz+ binding sites along the thin filanent,
So, the observed difference in steepness after HS

might be exp'lained by a greater cooperativity in
the soleus of the suspended animals, which seemed
to behave more like a fast muscle, Indeed, a much
steeper T/pCa relationship was also found for the
EDL nusc'le and was generally described for fast
ske l etal muscle (5,7).

To get more information about this assumed evo-
lution, we established the tension response to
strontium ions (T/psr) since it is used to classify
the different fiber types of slow and fast skeletal
musc'les (3). As generally described all skeletal
muscles presented less aifinity to Sr2+ than to
Caz+ ions. However, slow skeleta'l muscle fibers are
known to be nore sensitive to Sr2+ ions than fast
skeletal muscle fibers. Here, the T/psr relation-
ship was established for control and atroph'ied so-
leus fibers, and also for fast EDL control fibers.
Fig. 28 showed that for control soleus the T/pSr
lras clearly shifted to the right by 0.7 unit when
conpared with the T/pCa curve. After HS, although
the calcium affin'ity was unchanged, we found a dif-
ference of 0.9 unit between the T/pCa and the T/pSr
curve. So, efter H5, the typical slow soleus fibers
got less Srz+ affinity. I{oreover, the T/pSr posi-
tion of HS animals t,]as close to the one of the fast
EDL muscle, which was shifted by 1.0 unit when com-
pared with the EDL T/pCa curve.
- To bring more evidences of slow-to-fast changes
in the soleus contractile properties after disuie,
fiber contraction kinetics were studied. The con-
traction speed for contro'l and HS rat fibers was
estimated by measuring electronjcal'ly the fjrst
derivative of the forae development. That derivati-
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'Inatltut€ of ZoohySl.no and V€terlnary
Icchlllque ' 918 21 Trnave ' crochoalovakla

ErperlE.ntatlon 1tl gravltatlo!41 blolo-
Ey ls aloed at the stuily o? the o?f.ct of
rccol€r€tion otr blologlcal subJ€s t E.l cco -
leratloE fields can bs producod by 1ncru-
aEiD8 thc rete of 6ot1ou (lltrea! accaler€
tlon) or chaa8lng tha dlrcotlon of motlon
( c€Dtrltuga t loa). For loBg-terE sxperl-
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gatloD, oalr hav€ ssperate blologlcal ef-
?ects. nather alor procr8scs' such as
Srorth or fs6d btakr ar€ probably not
aft.cted (5), hor6rer' 1[ our pr.vlous ex
pcrlneEt on Japan€ae qua1l (2) a gr€at
stlcls etfcct of tba rotatloD taa ahotr
follored by tb€ cbantar 1! muscle coBpo-
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ra! to ltudy tbo effect of chronlc rota-
tlon at 6tab11e hypergrav ltat 10! (2 C) on
th! coEposltlor of tro nuacla ststoEa 1r
Japa[asa qua11.

IATBRIILS A}TD IETHODS
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tuDn r€ra dlvld€d lnto 5 group6. the coa-
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I1y €xposed to a dlffereat angular v6fo-
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persrailtatton for the saur tlms p€rlod.
ihe dllferent angular ,€Ioclt, taa rra-
chsd by ths elternatlon of tbe dlao€t.r
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of rhlch ar6 ln tebl€ I.
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prot€fu-DNl retlos (I19. 6) 1n bleast mu!
c16 of anLmls kept uldcr hlgh angulal va-
1oc1ty (groups fV,V). Values ot prot€ln -
Ducl€lc acld! ratloE 1n thlgh nuacles had
no sl8alflcaEt dlffcr€lc.s brtro€n groupa
of anloals (Flg. 7).
DISCUSSION IND CONCLUSIOT

Chronic lotatlon lnf1u€nced sooe para-
metera ot protelD o€tabo11sn 1a nugclee
of Japanere qual1. the comparlson ,1th
anlEals losded Eechenlcally to the aaae
ext€nt of hyp€rgrav i.tat lon as at rotatlou
onabled to e]1nlnat6 th€ effect of hyper-
gravitatlon alono at lea8t ln dl8tlnct
nuaclea. ft rea shorn that €ffect! of a
4-day exposure of anloals to rotatlon
Eecna to be 1D depsrdencc on the valu€ o?
sBgular vel.oclty ot that Eotlon. ft raa
surDrlslnE thlt axamlnad DarameterE rer.
lnlluenceif pr€donlnantly ln breaat nue-
claa. I(usc1. s13e, tbough notslgnlflcantly,
ra8 dlmlllshed 1n dopeEdenc€ on the 1n-
cr.alod altular v€Ioclty. The most detec-
tabl€ changcs r€r€ obtalned lu the pro-
portlor o? the maln Euscle prot€ln frac-
tlon8. Thc ratlo ot earcoplaanlc to myo-
llbrlllar protetus raa gridually Uroulirt
dora tlrst of all duc to an expreeelvily
stgnlflcaat lncrraro of sarcopLasnlc lrac-
tion. It could t€8t1?ytothe modlllcatdong
ln proteln squlpE nt of ths muscle c.11.
The rolatlons betrce! totsl protclns snd
[ucI€1c eclds oonflro 1t. though tha dlm1-
nutlon of nuclalc aslds such ai changea
ln total prcteln contents rerc not aignl-
tlcant,thc lncreas. of protein-DNl railo
ras 8tatl8tlca11y lnportant aDd onlargcd
Ln dep€ndenca on th6 grorth of angulai
vGloclty. The course of plot€ln-Rll.l r€tlo
ras ln tha sanc nannrr. Ihsae pmears€a
oay slgnlly that the lncreeso of aDgularvaloclty llflucnced the grorth of muecle
ccLl.- slze,probably on the leveI of prot3ltr
llmthcsls. Obscrvcd tendencic! to the dc-clraa€ of total Eugc16 slze accoEpanladrlth the dccr€ase of nuclslc ecld'concont-ratlotl ln muscls la tben achleved by ihc

The Physiologist, Vol. 33, No. l, Suppl., 1990
s-93

s

a

l0

0



BONE EI'EECIS OF 13 DAYS OF WEIGEILESSNESS
ON R]AI AND MONI(EY

sotc REsuLas or BrocosMos 1887
AND GROUND SIM!'I.AIIOI{S

Centre d'Etudes et de Recherches
de Medecine A6rospa!ia1e

15731 PARIS Cedex 15 - rRANCE

lErroDlt
Tr,ro dif ferenl experimenLs

1887 Blocosmos spaceflight,
suspension experiment.

zfRATH E., NocuEs c., BoRNE u., souRDArNE P

for aII unateca-Icified bone samPles,
blstomorDhonetrlc neasurements xere made usinq
imde a;alvsis svstems (videoplan zelss-Kontron
and Ns-1500 Nachel) on 5-?pm thlck s]ides stained
usino a Goldner-ttasson trlchromlc !echn{que. The
forl6winq paranelers xere lnvestigated :

- trabecular bone volume,
- retative osleoblast apposilion surface,
- relative osteoclagt lesorption surface,
- calclflcation rate, in monkey iliac bone

biopsies.
All these measulements ire16 perforn€d at a

250 enlargement faclor. Results for r:ats rere
submitted io a statistlcal analysls of varlance'
For prlmales, each monkey Pas considered as ils

BESIIIIT-i

The loss of bone mass is one of the main
effecls of nicrogravity. It has been obselved in
nan using external methods {2), but in animals
special techniques provide direct access lo
skeleLal struclures. This sludy ras carried oul
during the Biocosmos I88l program. 1l is a
continuation of resealch already done in raLs and
primates bone tissue, both inflight and using
experimental ground nethods.

f:-Xa!treyt

-----,priona 

: In the endocorticar area, it
appeared that the calcificalion rate nas the
lowest during spacefright (1.2510.11 pm/day) and
qraclually intreisea aluring the recovery period
ir.loro.rr pn/day) and during the synchronous
exoerinent ( 1.65t0.13 um/daY).

- Fr6cha : inflight calctfication !ate cou.Id
not te measuled because of the absence of the
second labelling, but three good quality
Iabellinqs made it possible to co,nPare the
synctron6us experinent {1.??J0.46 lm/day) vlrh
tire preceaing flight and post-landing recove!y
period (1.2210. 18 pn/drY) .

2:-3ut!

are described : the
aDd a rat-tail

f:-Eiesg!&rl88z
- r{^ntey.
Ti,o male Rhesus monkeys approximate-Iy 4kg,

Drioma and Erocha, fle$ tn a 13-day spacefllght,
and sere exposed lo a "synchronous" experlment
reproducing flight conditions 43 days after
.landing. Their bones uere labell Led with calcein
(2omq/kq) two days prior to and one day after
flight as weII as for the synchronous exPerinenl.
Drioma rras used for tr,o iliac crest biopsies, 15
days postflight on the .ight 5ide, and 16 days
after the synchronous experiment on the Ieft
stde. OnIy one biopsy xas perforned on Erocha,
after the synchronous experifi\€nt. Indeed. upon
retuln Lo earlh this animal received no calcein
and was not subjected to a bioPsy due to a
deg!ada!ion in ils general condition !esulting
fron a decreased anount of ingested food
inflight.

:-AaLl
The IefL hurnelus and the 9Lh lhoracic

veltebra of twenty 3-month old rats t,ere studied.
Eive flight animals xere compar€d xith 3 contlol
gloups of 5 rats: the synchronous gloup ras
exposed on Earth to the same exPerimental
conditions as the flight batch, the basic control
and vivarium batches xe!e maintained on Earth in
a vlvarium and respecLlvely sacrificed at the
beginnlng and at the end of the experimen!. After
landlng, the flight animals remained 1 day in the
biosatelliie, and 2 days at Earth gravity before
they !.ere sacrificed.

2- ah. -at-tai I sut@alion aq)€rirnt :

Ten l80g-male tlistar rats $ere randomly
distributed Into tro groups of five : a viva!ium
group, and a 1{ day-tatl suspenslon group,
according to Moreyrs technique (5). The study of
treight curves (fig 1), r,hich reflects lhe general
health of the animals, sho$s that suspended
animals contlnued growlng during suspension bul
Iess than controls. After suspension animals were
returned Lo thelr natural horizontal Position for
tro days. They were then sacrificed l,ith a high
alose of Nesdonal (R) and their huneli rere
removed.

I ihe smallest trabecular bone volume t,as
observed in "Plight" animals (21.0811.16 t). and
shoxed a significant dlfference (P<5t) $ith the
"vivarium" animals (29.58 i 2.69 t).

- The relative osteoblastic apPosition
surface ,as the smallest 1n "Fllght" animals
(5.0i1.1 t), t ith a slgniflcanL diffetence (P<5t)
rith lhe tvlvarium' anihals (13.912.8 t).

- the osteoclestic resorption shoxed no
significant difference beteeen "EIj'ght" and
control aninals

wslght (9)

WEIGHT OF THE ANIMALS

Cont!ol
anima Is

Su spenaleal
animals

OAYS
I
s
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- E]iqht animals had the smallest trabecula!
bone volume (f0.813.2 t). The greatest trabecula!
bone volume iras observecl for the viwalium animals
(17. ?r1 .4 *) , and there ras a significan!

difference (P<5*) betxeen "Elight" and ground
anlmaIs.

- but osteoblas!ic apPosi!ion surface t!,as
Iarger ln the rEllght" batch (33.118.1 t) than in
vj.varlum animals l24.Ar2-3 \l -

- and no slgnlflcant difference iras observed
betxeen neans of osteoclast resorption surfaces.

these resuLts, and especially lhe
neasurements of the osteoblasLic apposiLlon
surface in the humeral metaphysis can be compared
to results provided by our experiment r,ith rats
suspended for 14 days and returned to the
vivarium 48 hrs before sacrifice (flg 2). rie
actually obselved not only a non significant
decrease in trabecufar bone volume of humeral
metaphyses in the suspended batch, but also that
same lelative increase in osieoblaslic
populations as was observed 1n flighl animals
(3{.5t4.9 I ; 1?.013.6t) .

- Hrelal retaDhwses

DISCUSSTON

.ONCI USTON

tll,ERAr METAPHYSTS

[tb@rD! i30r Td stlspsrsh Erp

But the most important question vrhich u,e have
Lo discuss concerns postlanding time and evenLs
before animal sacrifice. Thls ls a very importantpoiot because Lhe animats had nearly lg trours on
Earth, under difficult survlwal conditions :

Two questions should be reflected upon :
- first, the stless assoclated xith Lhese

events : difficuft to evafuate, but probably
signi ficant,

- Second, the effect of 48 hours spent at
earth gEavity on bone cel I populatlons - Al though
it may not be enough Lo alter bone nralsparamelers, it could have affected cell activily
as re knor that preosteoblasts, in particular;
have a cycLe of less than 2 days to Lransform
inLo actlve osteobtats (6) , Results of our
experimenL r,ith suspended rats could suppo!t !his
hypolhesis.

We musl therefore discuss the bealingproperty of the humerus in a suspension
experimen!. 9ie have seen that bone alLeratlons in
mass parameters and cell activity foltow the same
!rend as those induced by flighr, rhere the
hirmelus xas exposed to a rea_t microgravity. This
suggests a possib-Ie sys!emic factor involvemenL
in suspension effects.

PinaIIy, the atten!ion shoutd be drawn to the
small numbe! of animals in the various
expelimenLal batches of rats (n e 5) nhich often
makea result inLelpretaLion dlfficult.

During this 13-day spacefliqht, ee obselved :
- In monkeys : a loxer calcification rale

inflight than during the folloiring gtound
periods.

- In flight rats : lorrer bone fllass values in
the huneral metaphyseal and veltebral areas.

Honever, for this flight, the tro days ofpostlanding recovery most plobably inatuced
measurable changes in cell osteoblast activity.

Acknorledgement : This vork vas reatized in
collaboralion xith }roscoH IIIBP (Dr Bakulin an.t Dr
Novikov) and supported by the CNES. The authors
are gratefuL to Daniel.l,e Ereund for her very
helpful t rans lation sork.rig 2

1- uonkey!
Results shoul.d first have to take _into

account. the fact :
- that anioals were young, still growing, and

had not reached fulI skeletal maturity,
- that trith no prefl-ight double tabelling, it

is not possible to assert hotr ftigh! has reatly
teduced the calcificaLion rate.

- and thal il is also difficult !o describe
postflighL the dynamics of cell activities since
there were L6 days betHeen landing and biopsy.

2- Rat!
Results must be discussed vith the

circumspectlon required irhen usinq an animal
nodel r,hoge bone growth cha racte rist j.cs are
different from manrs, especiall,y the bone qrortth
aclivity Hhich is permanent.

Elight anlmals mass parameters of boLh
proximal humeral metaphyses and veltebrae sho{ a
30 t decrease, $hereas lhey rere not affected
either by 5 days (3, or by 7 days (4) of f1iqhL.
HoDeve!, 18 days of spaceflight (COSMOS 1129) (l)
already induced a decrease in humeral trabecula!
bone volume i.n rats,
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EFFECTS OF A 40 DAY TAIL.SUSPENSION ON RAT
WEICHT-BEARING BONES

L. Vicol, V.E. Novikov2, J.M. Veryl, D. Chappardl, C.
AIcxandrcl.

l- l,aboratote Biologic Tissu Osseux LBTO - FacultC do
MCde{ine - Sa.int-Etienne - Francc

2- lnstitut des Problames Biologiques et Mddicaux IPBM -
Khoroshevskoyc Shosse 76 A - Moscou - URSS

INTRODUCTION

werg: thc trabecula! booe volume p€r tissue volume (BV / TV
in %), trabecular thickness (tb.Th in pln), trabecular number
CIb.N in /mm). Thc resorption activity was rcflcctcd by the
numbc! of ostcoclast por boro pcrimeter (N.Oc+ / B.Pm in
c/mm) Bnd the activc resorption sufaccs ostcoclast surfaces
per bone surfaccs (Oc+. S/BS in %), Thc ostcoid surfaccs per
bonc surfaccs wcre determined at cancellous (Cn OSTBS in 7d
and endoconical (Ec OS/BS in %) levels.

Statistical analysis was performed witr thc non pararnetric
Mann and Whitney tesl P values less $an 0.05 arc considered
to be significaot.

RESULTS

Mean body weighs werc cxposed in Table l. No statistical
differcnce is observcd bctwcen S and C at the end of the
cxperimcnt

Body weights (g) beginning middle end

Basal control ras
control mts
suspended rats

Relatively shon duration suspensioo experimcnts (few days
to few weeks) wcre done since spaceflights of Biocosmos
serics ard Spacelab-3 mission were not longer than 3 weeks.
Thc adaptation of bone tissuc until two weeks of skeletal
unloading by tail suspension is well documented (4, 14). We
performed 7 -day (12) and l4-day (13) tail-suspension
cxperimcnts: in the first experiment, a severe imbalancc in
bone cell activitics (ilcreased resorption and decreass
formation) rcsults in bone loss; in the second experiment,
bone ccllular activities come back to equilibrium and bonc
tissuc Ioss is no longer obscrvcd.

A 40-day tail-suspension was undertaken in order to test
whether the normalization seen in thc two weck cxpcriment
constitutc a stable phase despiE contirucd unloading.

MATERIALS AND METHODS

Male Wistar lats (140 day old) weighed abour 4009 at the
beginoing of the experinrental period. These rats wele io their
lower growing phase. Tail suspension was performed
according to Wronski and Morey-Holron (14)
recomnrendations. The tail baodage covered less than one-half
the t&il surfacq, allowing adequate thermoregulation through
the tail. Fivc rats suspended (group S) in this manner
supported as well as possible the expcrimental period. Fivc
conrol rats (group C) were housed in individual cages and
five basal control mts (group BC) wcre sacrificcd at the
beginning of the experimentai period. All lats werc fcd and
watered, ad, libinnt with a standart rat chow. Room conditions
werc 23o t loC and light cycle LD 12:12. Body weights of S
and C groups werc rocorded at the begioning, io the middle
and at the end ofexperiment. At time of sacrilice a.ll rats were
guillotined and selected bones werc removed for aralysis.

Proximal tibiae wcrc analysed in S, C and BC groups.
Thoracic and lumbar vertebme were analysed in S and C
grouPs.

r-ongitudiflal sections wcre riadc in long boncs. Transversal
scctions in thc midpart of the body were rnade in vertcbrae at
the level of the secondary spongiosa. Heighr secrions por
samplc, 7 pm thick, werc sawcd for trichrome Goldner
staining, allowing cvaluatiou of bone mass and osteoid
paranreters. Six others 7 pm sectioN were used for tartrate
resisunt acid phosphatase evidencing osteoclastic c€Us (2).

Measuremcnts similar to thosc of prcvious suspcnsions
wcre done. Briefly, in tibiae, primary and secondary
spongiosac werc considered as two distinct areas. Thc
thickness of fie pdmary spongiosa in llm was used to eva]uate
possible alteration of lolgitudinal elongation of the bone. In
the secondary spongiosa, bone mass parameters measdred

398 149
40't x32
426 t32.5

444 r32
404 t57

450 t 32
430 t 43

Table I - Body weighrs in difkenr groups at thc beginning,
thc middle and the end of the expcrimenta.l pcriod (means t
sD).

Tibial bone histomorphometric data arE listed in Table 2. No
difference was secn between B and BC paramete$ except for
the mean thickness of rhe primary lpongiosa whiAh is
decleased ill older rats. In S rats, the primary spongiosa was
inexistant. Bone mass parameters wdre als6 affccied in rhe
secondary spongiosa whcrg trabeculae worc thin and less
numerous, No statistical differcnce was secn in bone cell
activities, however osteoclastic pararneters showed higher
values and osleoid pararneters lower values in S group.

i.a@r .m;lh;a;rr;J*nv/v,r'
t. si..i rt.rrtr-ii 16rt.rl .).!rr! .e:tt.re
rri".;*rb N ,"-
,.s;: NGi^' n,idm,
ia;;l;idrers *i
, s;-i- c wns irrrai;i;aor/ut,ii a.rrr.r rr1r0r,J|.r$ xs ns

Table 2 - Quiu'rtitative bone histomorphometry in the Foximal
tibial mchphysis of suspcndcd, control and basal conrol rats.
(means t SD, NS = non significant).

Venebral bone mass ald osteoclastic parmeters and Iisted
in Table 3. No change was observed in the thoracic veneblae
whercas imp,)rtant increase in ostcoclastic paramete$ crccurs
in S group at the level of the lumbar venebra.
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Suspanded R6a Conlrol Rats
nr5 n.5

day. Results of this study werr coDtlrmcd by triple tetracycline
Iabcling at the levcl of conical bonc - tibioftbularjunction (4)
and trabccular bone - ploximal tibial mctaphysis (13). In thc
tibial 2o spongiosa, ostcoid surfaccs and lrsorption activity
also reached normal or subnormal va.lues within two wecks
( l3).

In this study, a non significant descquilibrium betwccn
ostcoid apposition and ostcoclastic activity was observcd and
could b€ related to bollc loss. Thus, after an initial bone loss
followcd by a rcversal phase, we observed an othcr phase
chancterized by a slower but morc sustaincd trabecular bonc
loss. This last stagc probably pcrmits bone to adapt to
decrcased mechanical environmcnt. With a differcnt time
corllsc, our results could be rrlatcd to thosc of Uh$off and
Jaworski (11) obtaincd with dogs. Thc right forclimb was
cncased in plaster and the left served as controt. An inirial and
npid bonc loss followcd by reruperation was cvidenced After
that, a slower but longer lasdng bono loss was obscrvcd (the
pcriosteal envelope being thc main conriburor). Finally, a
stabilization at some 30 to 50 per cent bclow original valucs
occued. It would be now important in rat suspension model,
to bettcr conrol the timing of observations in long term
experiments in order to know thc cxact pattgm on bone
changes,

As in plevious suspension experimcnts (13) paramctcrs
measured in thoracic vertebrae were not affectcd by the
hindlimb unloading. Aherations werc obscrvcd in lumbar
vertebral bodies: thc bone volume was non significantly
decreascd and the osteoclastic activity was importantly
increascd. In lumbar spine, suppon reaction was suppressed
but tail raction could transmit tcnsion sEess lcading to
mechanical penurbations.
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I}IORACIC VERTEBRA
Bv/rv (%)
Tt.Th (!n)
Tb.N (/mm)
N.OC+/B.Pn (dnm)
Oc+.SES (%)

18.7 r 1.26
40.06 r 5.5E
4.7t I 0.87
1.93 r 0.78
3.43 t 1.05

19.67 r 4.5
45.16 t 6.32
4.39 r 0.94
1.910.54
3.02 r 1.17

LUMBAR VERTEBRA
BV/TV (%)
Tt.Th Grn)
Tb.N (mm)
N,Oc+/B.Pm (c/mm)

OC+.SES (%)

13.45 + 2.39
37.10 r 2.19
3.64 i 0.85
2.89 r 0.898
5.051 1.744

16.46 t 4.27
42.86 r 5.8
1.82 tO;t9
t.43 r 0.49
2.30 I 0.85

Table 3 - Quantiutive bonc histomorphomctry in vcrtebral
bodies of suspended and colltlol rals (means t SD - a : p =
0.03)

DISCUSSION

The body weight of S rats decrcasod within thc fust pcriod
of suspension followcd by a progrcssive weight gain tcading
to a total positivc balance (+1%) which was however inferior
to that of C rsts (+9.5%). Some studics havc reported a
decrcased glowth latc based on body wcight (5, 8, 15)
whcreas others havo not, but in this case, coflrol rats arc oftefl
pair-fed with suspended animals (4,6 14). Thc reasons of
theso discrepancies are unclcar but could be related to a
stressfull situation due to nethod of suspension. This study as
others (9) suggested that after stressfull first days, rats adapted
to theii ncw posturc.

The epiphyseal platcs in rat bone do nor close over the
whole lifc span; this means rhat the rat skelcron continues to
grow. However, it has been found that thc remodeling rate
and the apposition rate decrease with incrcasing age (10). In
this study, the decreased primary spongiosa thiikncss found
in C compared to BC is indicarive of mature animals. Baton et
al. (1), demonstratcd that, in 320 g malc Wistar rats, the
trabecular scquential bonc tpmodeling activity at rhe lcvel of
thc 2" spongiosa of tail vencbra is similar to rhar of adult
human iliac crest. Howeyer, rhis might not bc truc in 20
spongiosa of long bone mctaphysis. Kimmcl and Jee (7) have
shown a tibial grpwth rate oI about l0 times higher than the
growth rate of thc tail venebra in Barcn et al. (1) study. Thus,
whcn_ long bones are studied, ir would be more interesting to
use older rats (of 400 g rather rhan of 300 g) in spaceflight and
srmulauon programs in order to extrapolate ccll behaviour
from rat to man.

The most striking effect of a 40-day |ail suspension was the
disapp€arancc of the ribial 1o spongiosa in suspended animals.
An important dccrease of this area was found in a 7d. tail
suspension (12) with no molo altoration in a l4d. tail
suspension (13), In a two week period, back hamess
suspension induced a depressed tibial longitudinal bone
growth whereas tail suspension did not (14). In the last casc, a
decrease trabecular bone mass was obscrvcd possibly
resulting from an earlier inhibition of bone gowth. All these
results might be indicative ofan acute response of bone within
the first week of mechanical unloading followed by a
nomalization. Our long term experiment suggesEd that the
normalization is not permanent. In tibial 20 spongiosa,
alterations in trabecular a[angement could lcad to wcaker
mechanic competence.

As far as bone formation and rcsorptioo activities arc
concemed, a normalization was also obscrved during second
week of suspension. Using ndioisotope incorpolation (with
45 Ca and l3H]prolinc) and assuming that bone wcight in the
grcwing rat is primarily determined by bone formation,
Globus et al. (4) showed that bone formation was inhibited by
the fifth day and letumed toward normal by thc 10th to l2th

The Physiologist, Vol. 33, No. I, Suppl., 1990
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When reduced energy requiremonlsaro mel, increased
adenosine triphosphalss, ATP, will inhibit energy produc-
tion r€sulting in inhibited decarboxylalion. lncreased cit-
rates will activate the citrate cleavago enzyme and acetyl
CoA carboxylasg which evontuales in the conversion of
ths lricarboxylate to lat (2). Pertinent to calcium homeo-
stasis is lhat ths ubiquitous tricaboxylate is essential for
thg accretion, resorption and transport oI soluble mono
and dicalcium phosphate which is prscipilated as trical-
cium phosphate lo form the bone hydroxyapatite (3).

This relationship ol citrale lo calciu m balance is exem-
plilied in vitamin D intoxicalion and in D avitaminosis.
Administered vitamin Dto rats resulted in decreased meta-
bolic rsspiration in tissue homoginates and increased
citrates (4). concomilant with the hypercitricemia is a
hypercalcemia (5). Conversely, in vitamin D deficiency, a
hypocitricsmia and a hypocalcemia occur. lnvostigators
postulated that in D avilaminosis, citrat€s could be substi-
luted for vitamin D. Th€ir prediction was correcl. Citrate
administerod to vitamin D dolicionl experimsntal animals
and to rachitic inlanls resulted in the transport o, the
calcium phosphate salts and the resumption of mineraliza-
tion ol lh€ repaired organic matrix (6).

ln exporimentally induced hyperparathyroidism, oxida-
tive glycolysis in metaphyseal bono was considerably
decreased 24to 48 hours att6r animals wero adminislered
paralhormons. Decreasgd oxyg6n consumption was lol-
lowed by an increass ol citrate which compl€xed and
mobilized calcium in th€ groMh zons ot the bone (7).

Metabolic respiration is inhibiled in diabelss. ln man a
variable increase ot blood citral€s occurs with the hyper
glycemia. When blood sugar incroases to levels that
induce diabetic coma, a proround hypercitricemia is ob-
ssrvsd (8). Wilh the progression oI the sndocrinopathy,
osteolytic bon6 becomss demonstrable.

lnhibited biosynthesis in microgravity is chemically
unrelated to rsduced biosynthesis observsd with admini-
sterod corticosteroids at 1G. ln space, reduced energy
rsquiremonts signilicantly inhibit en€rgy production. On
the other hand, administered corticosteroids at 1G results
in a hypocitricemia (9). Th€ reduced endogenous citrates
will inhibit decarborylation and energy production. The
steroid related en€rgy loss decroasss biosynthesis which
is evident by a hyp€raminoacidemia and a hyperami-
noaciduria (10). lncreased renal clearance oI amino acids
also occurs in vitamin D d€ticiency. The aminoaciduria
disappears with lho administralion of vitamin D and bio-
synthesis otlhe organic matrix oftho bone hydroxyapatite
is resumod (1 1).

ln view ot tho fragility ol lifg in space, innovative
measuros designedto maintain optimal energy production
must be considered. Allerations in dietary regimens pro-
grammed to compensats tor depressed €nergy require-
ments would have to be instituted. Pharmaceuticals
whose action would €nhance metabolic respiration, such
as sslectod calcium chann6l blockers, may be productive;
however, the pharmacodynamics ol the prescribed drugs
should bs svaluated. The drug must bo etfocliv€ in lhe
milieu oI space whers Iluid shifts and electrolyte loss
occur. Ths tollowing is a resume of catabolic lactors that
are competing anlagonisls to energy production in micro-
gravity:

1. All motabolic d€prsssanls, including preflight, in-
llight and postllight sedatives, muscle relaxanls, anliad-
rsneeic agenls, alcohol, and cigarette smoking can se-
verely reduce collular rospiration in space. Thsantagonis-
tic etfoct can endurs long after the precipitating lactor is
eliminated.

2. Contraindicatod aro a seloct numbor of calcium
channel blockerslhat inhibit myocardial oxygen consump-
tion. This would resutt in roducod energy production, in-
creased calcium mobilizalion, and impaired biosynthssis.
The pharmacodynamics ol calcium channel blockers must
bs considered because an invostigatotdssigning a proce-
dure to suppress calcium mobilization in spaco may in-
deed opt tor a calcium blocker that does nol adequatoly
inhibit calcium withdrawal ,rom lissues.

COUPETING ANTAGONISIS
TO ENERGY PRODUCTION IN SPACE

AND THEIR ETFECT
ON CALCTT]M IilETABOLISM

Harvcy A- Ter.ncr
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ln microgravity, reduced enorgy demand and its pro-
duction r6sults in n69ative calcium balancs and osteopo-
rosis. Recont observations have besn made linking cal-
cium as a mediator in a diversity ol physiologicallunctions;
included are its regulatory oflec1 on endocrine and exo-
crine secrelions, the development ol the neuromuscular
potential in muscle conlraclion, its stlsct on fluid effusions
and on msmbranous eleclrolyte transporl (1 ). Factoral in
disorders of this calcium messenger system is negative
calcium balance resulting in a multiplicity ol dis€ases,
soms ol which are exacerbatsd in microgravity.

lnhibited biosynthosis will also incur a serious threat to
astronauts when expossd lo the inlluence of microgravity.
Biosynthesis, expressed thusly; AMINO ACIDS + EN-
ERGY --> PBOTEIN, is impairod in microgravity by
diminishod onergy produclion. This is manilested by
chronic sxhauslion of astronauts. The clinical conse-
quences of inhibited biosynthesis is myopathy and im-
paired immunity.



3. Vitamin D supplsments in physiological doses may
bs especially toxic to astronauts in space by snhancing
calcium mobilization.

4. Exogenous citrates have besn obsorvgd to com-
pl€x calcium resuhing in muscle spasm and letany. With
ths use ol citraled transrusod blood, membranous calcium
which maintains the integrity and contiguity ot capillarjes
will be mobilized r€sulting in hsmonhage which will be
additionally enhanced by lhe loss ol blood calcium re-
quirsd lor clotting (12).

5. lnvosligators have administered citrates to imma-
turs rats rssulting in a hypercalcemia, a hypercitricemia,
osleoporosis and myelofibrosis (13). Clinical observers
have attributed gingival bleeding to tho indiscriminats
consumption ol citrates. citric acid, asido lrom being a
lormidable componenl ol citrus lruits, is widely incorpo-
rated in foods as preservativos and llavorants. Ths c!n-
sumption olcitrates, while tolerated at 1G, may beclms a
major lactor in disorders associatsd with negative calcium
balance and compromised biosynthesis in space.

Tho following are anabolic lactors that may enhance
mslabolic rsspiration in spacs.

1 . Nifedipine, a calcium blocker, chemically and phar
macologically unrelatod to v€rapamil and diltiazem, acts
by increasing myocardialoxygen consumption. The with-
drawal ot tissus calcium is ihus inhibited. The retained in
situ myocardial ca++, acting like glycocide digitalis, posi-

tively eflecls myocardial inotropism. This is in contrast to
verapamiland diltiaz 6m which inhibitthe qualityo, myocar-
dial contraction and reduce the heart rate. Nifedipine also
reduced cardiac arrhythmias. This is biefly explained by
the lowsring ol ths myocardial cell membrano psrmeabil-
ity in ths presence ol calcium $rhich inhibits tluxing ot
sodium complexed with waler, and enhancesthe lluxing ol
potassium. The eloctrolyte control is esssntial lor the
developmenl of the neuromuscular polential required lor
myocardial rhythmic polorization and contraction(1 4).

2. lt is conceivable lhat in situ calcium may acl to
inhibit tluid etfusions through capillary membranes there-
fore limiting the undesirable ,luid shifis occurring in space.

3. ln collular rsspiration coenzyme O, ubiquinone,
obs€rved to play an important role in electron transport,
dramatically reducedtho hypercalcomia and hypercitrice-
mia as well as ths histopathology observed in citrated
animals (13).

4. FIuoride, in physiological doses, has beon lound to
reduce bone hydroryapatilo solubility.

5. Vilamin C, as a dietary supplement, onhances
mstabolic rsspiration. ln scorbutic animals a hypercalce-
mia and hypercitricomia occur which ars roversible vyith
the administration ot the vitamin (15). Lik6 citric acid it
could bo us€d as a flavorant and prsssrvaliv€ without the
undssirable side etlscts of the citrato additive.

Conclusion

ln ths biohostile environment ol space, man's ingenu-
ily will b€ taxed lo the ulmost in quest for compensatory
adjustmontsand allsrnativs lils support systems thal would
enabls him lo survive in ths snvironment of inhibited
energy demand and reduced €norgy production. Success
will be datormined by his ability to mainlain calcium ho-
meostasis and biosynthesis. lt is very likoly that new
parameters will have to be dsveloped to determine biologi-
cal r€quisitos lor optimal accommodation of man to micro-
gravity.
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New developments in manned space flight are
of interest not only to human physiologists, but to
plant physiologists as weU. The reason is that the growth
of plants in space can solve many of the problems
of life support, This is because as space crew memberc
and mission durations increase, the cumulative mass
of life support materials required to be lauched also
increases, and becomes a significant logistics burden.
Plants reduce this mess by recycling C02 and water,
and by generating food and 02 from wastes.The initial
launch, with recycling, is costly (or heavy) because
of the apparetus able to produce food and to recycle
wastes. But the following resupplies are light. There
is a breakeven time for which the cumulative cost
with recycling crosses over the cost with resupply.
The breakeven depends on the type of the mission.
Several cases were studied by Gustan and Vinopal
(1). In the case of a lunar base with 12 persons, the
breakeven is for 6 to 7 years for a realistic recycling
of 50% of the food. The over cost without recycling
woirld be 34% after 15 years of operating. This last
time is common fot any great scientific plant.

Pood rcouiremcnt

If we consider the production o{ food by
photos)'nthesis as the best well-tried process, the
cliteria ol choice lor gTeen plants cultivation are :
- Yield : quantity (per surface, volume, mass) and

ratio edibl€/total weight
- Digestibility spectra of amino acids, fibers, etc...)

. Spectra ol vitamins and salts
- Palatability (taste, etc...)
- Cost of food processing
- Psychological and cultulsl problems (variety of

menus, nature, aspect, etc...)

The first solution studied was the akae culture.
The algae solution, $,hich interests engineers, presents
several difficulties and risks I

Advantages !

- continuous culture (automatisable in principle)
- possibility to fix nitrogen in cyanophycees
- high level in prcteins = 50 % biomass
- high productivity per unit of volume of reactor

Disadvantages I

- costly harvesting
- low productivity per unit of mass (including water

of culture)
- genetic stability not sule
- often bad digestability (ce[ wall)

- indesirable elements (pigments, metals.-)
- too many nucleic acids ; tolerance 2glday :

. maximum 50 g per doy in a human diet, or

. complex food processing
- taste - color - texture
- problems of maintainance of system, adherence

of algae, cleaning, washing, sterilization
- problems of contarnination by bacteria, other algaes

(safety).

This solution was actively studied in the Soviet
Union 15 yeals ago, with interesting essays ol diet
with volunteers. Higher plsnts have now the prio ty
and the rcle of algae in the far futur will only be possible
as a source of proteins with automated apparatus able
to isolate proteins and to produce equivslents ol milk,
cheese, meat. Concerning the higher plants, we can
coosider :

As advahtages

- good ratio edible/total weight (> 50 %)
- low cost of food plocessings
- genetical stabiUty
- very good adaptation to human leeding
- great vadety of menus

As disadvantages :

- low€r yield per unit of volume than algae
- sophisticated automatization :

. change in density of cultivation,

. harvesting...
- needs ol the crew-work very p.obable (can be turned

in advantage for cultural and psychological reasons)

The role of diet is essential in isolated long term
mission. Remember the role of the food in the Navy.
,n addition, the problem of the crewis fr€e time is
also crucial, for example in strategic submadnes o!
in polar stations. Farming activities could be a setious
advantage in totally isolated long term missions.

To sum up, the algae scenario is not so advantageous
as expected in the first analysis. People are fascinated
by their great relative growth rate but il the mass
of water containing the micro-organisms is included
in the growth analysis, to compare with higher plants
where the mass of all organs and the intercetlular
water are olso included, the advantage of growth rate
disappears, Hence in pratice, the photoslmthetic quantum
yield of the daily production ol biomass by algae or
by higher plants is similar and tends to the theo.etical
maximum in the best experiments of CELSS program
(2-6). The higher plants scenario has the priority in
UsA and USSR for dietetics and, above all, psychological
reasons.

Exampl6 of r€s€rrctl€s

In the U.S.A., studies, stsrted in seventies, have
two important as?ects : science and technology. Until
nor{, the lirst aspect has priority because of the lack
or the uncertainty of the knowledges, especially in
plant physiology.

For example, the uncertainty about the tolerance
of ammonia by plants was not acceptable for space
engineers because the ammonia is more easily obtainabl€
than nitrates from wastes processing, It was weU admit-
ted in a recent past, after classical expeliments in
field and in lab, that the ammonia nutrition strongly
depressed the growth ol most crop plants.
After a reexamination by Raper et el (2) in cont.olled
roots environment, it was demonstrated that the toxicity
of ammonia was an artelact of the pH shift.
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With a careful control of nutrient cohditions and
pH, there was no difference of growth in Soybean
with either pule ammonia supply or pure nitrate or
I mixture of both (3),

Another tlpical example of study supported by
NAsA (T.W, Tibbitts, Madison Univ.) concerns the
genetical adaptstion to the terrestrial photope od
(2-5-7). ln space the photope od is different. It can
be suppressed by a continuous lighting. In potatoes
the same amount of light was distributed either with
classic photoperiod 12 - 12 hours or with hdf of lighting
maintained continuously at the bottom. Five varieties
of potatoes were tested. The growth was inhibited
lor two varieties; root growth was stimrrated for two
other ones. The development of tubers was possible
in only one variety. That introduc€s an interesting
possibility of study of the genetic and molecular bases
ol the adaptation to photoperiodism.

In wheat plants, similar experiments wele made
by Buggbee and salisbury (2-6-8), but, the most
interesting results concern the implovemeht of yield
in grain in artificia.l conditions. The studies are
performed in Utah University in closed chamber or
in green house. The selection of wheat was restarted
to have plants adapted to new conditions, For example
the selection to the tolerance to continuous lighting
permitted to have plants being mature after 60 days
instead ol 120 days.

In USSR researches are more empirical and are
probably considered as operationnal. No scientitic
publication was availlable after the rcsults presented
in 1980 (4) showing the possibility to imptove by eight
the yield of wheat per unit of surface and per year
in comparison with field records. The last Cospar
revealed a continous work from this date and interesting
results (8). That concems a ground based station Bios
3. It has about 100 square meters including cabins
for the crew and the workshop of gardening surfaceg
of plant cultivation. The station was air tight and
totally locked during experiments. The system has
been working for more than ten years. The autonomy
in food production was 95% (the remaining 5 percent
were sugar, pepper, salt, tea, etc.... The record was
a total closule of 6 months for 4 men without negative
sign for their health.

In Japan '(2-7) studies concern mainly algae
cu.ltivation with high yield per unit of mass of reactor
and experiments in lab with a closed cycle with plant
cultivation associated with a little animal.

In Europe, studies in CELSS program are in progress
but the only experimental results related to CELSS
program are issued from the Laboratory of
CADARACHE (2-7-8). It concerns the response of
wheat crop to high C02, but also the cultivation in
depressurised chambers.

Hence we made experiments in very low total
pressure with ray grass (2) | two expe ments was made
at the atmospheric pressure, in standard atmosphere
and with only five percent of 02. :fwo othe! expedments
was made at the same partial pr$sure of CO2 and
02 but without nitrogen. The total pressure was leduced
respectively by four and by fourteen. Similar
experiments were performed with Barley and Wheat.
They show the plsnts are sensitive only to partial
pressure of useful gases. That is an advantage for
space cultivation where the containeN must lace vacuum
or very low atmospheric pressures.

Problem of rsslte8 recyclirE
Problems of waste recycling the treatment and

the storage of wastes, which pose serious technica_l
problems and risks for human hea.lth in space can be

positively solved in association with plant cultivation.
An hiEh degree of autonomy of food production can
be obtained with simple methods of recycling.

The explanation is in the fact, that the amount
of minerals is very small in food (1 to 2 %). To produce
food in space it is sufficient to store and to launch
a sma-ll mass of fertilizers able to produce plants and
food by photosynthesis with C02, lightr and water,
The carbon being recycled by combustion, th€ factor
of autonomy will be around 85 percent or more if some
minerals are reprocessed from ashes. That is the solution
of Bio 3 of the Soviet Union. The cycle of nitrogen
is improved by the use ol urea from humar wastes
in plant nut tion. That explains the high rate of
autonomy.

With sn oxydation in humid and superc tical phase
(at four hundred degrees Celsius) it is possible to repro-
cess between fifty to eighty percent of fertilizers
inctuding nitrogen in form of ammonia (8). ln such
a cose the input of fertilizer is very small and the
autonomy higher than 91 percent.

CqrcfrEiqr

Based on comparisons of nutritional capabilities,
human psychological lesponses and technlogical
complexity, the use of higher plants appeaN to be
more approp ate than algae. Empirical results suggest
that a high level of material recycling can be obtained
wiht plants, but scientific studies of plant physiology
must continue if the bioregenerative system is to be
adequately controlled. The issue of space g"avity,
which is of central importance in human physiology,
may not be a major problem for plants because of
the possibility that phototropism can plovide an
alternative s€nse oI direction. If ingeneers are
implicated in this research, physiologists must be
concerned in the field open by the change of parametets
of terrestrial environments : low g"avity but also CO2
and 02 concentrations, light period and intensity,
atmospheric pressure, radiations, effect of traces.
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In the 1990s the United States ui11 place a
space station in perDanent orbit. one of the
functions of Space Station Freedom is the provis-
ion of a nanned laboratory for the study of the
interaction of graviLy and living organisns,

The absence of gravity durinS spaceflight
results in many physiological changes in creu
meobers, as well as in other anidals and plants
that have been flown in orbit. Some of these
changes are uncomfortable to the crev and possibly
deleterious. The new laboratory in space will
provide facilities to study crev problems and
possible countermeasures, In addition, there '.,i11be facilities to study animals and plants in
microgravity, and to coo?are therB uith slmilar
specinens held at the normal lg on a centrifuge in
the same spacecraft. This paper witl discuss pri-
Earily the areas of animal and plant research on
Space Station Freedoo, and vi11 poirlt out both
advantages and limitations of the facilities.

The Freedoo Station uiII conslst of four
pressurized Eodules oounted on a truss structure
approximately 500 feet lon8, The Truss also
carries psnels of solar ce11s, radiators, and
external instruments for the study of sky and
Earth, S. S. Freedom is an international effort,
with two llodules (Habitation and Laboratory)
supplied by the Unlted States, a Columbus module
by the European Space Agency, and a Japanese Exp-
erimental Module. When the stati.on is permanently
hanned, j.t vi11 at first carry a crev of four, and
this vi1l later be increased to eight. Crer,r men-
bers vi11 stay in orbit for 90 days in early ois-
sions, and the Dission 1en8th will probably be
increased later. Space Shuttle fliShts will pro-
vide crev rotation, resupply, and return of saop-
les to ground. It should be pointed out that the
design of the FreedoD Station, and its operation
plans, h6ve not been finalized.

In the U, S. Laboratory Module, the total
volume uil1 be shared by Life Sciences and Mater-
ial Sciences approxinatety equal1y, The planned
outfitting of the Life Sciences area is the result
of approximately l0 years of NASA meetings and
vorkshops involving life scientists frod all disc-
iplires.

There are several najor facilities lrhich t/il1
be used in all of the life sciences activlties.
A Habitat Holdinq SIsISq l{ilf oaintain anirDal and
plant specimens in microgravity. There is a S. S.

Preedoo requirenent for conplete bioisolation of
bioloSical specinens, to prevent cross-contaoina-
tion beteeen specinens and cree. The Hsbltats
vhich fit into the HoldinS Systeo are being des-
igned to hold rats and squirrel monkeys at flrst,
and capability for other species r,i11 be provlded
ir the future. (Mice may be housed in rat habi-
tats eith minor modiflcations.) NASA and CNBS
are jointly developlng a Rhesus monkey Habltat.
A Centrifuge lJi11 o6irltain specinens at 1g, to
serve as controls for those in nicrogravity, in
the safie environoent. A Centrifuge L8 meters in
diameter, to be hounted in the Laboratory Module,
vould accoMnodate !9. 24 rats. It nay be poss-
ible to nount a larger Centrifuge 1n another 1oc-
ation. The aninal and plant habitats for the
Ce[trifuge uould be identical to those in the
Habitat HoldinS SysteD. The Centrifuge Day also
provide Sravity leve1s both louer and higher than
lB, fractional gravity levels yould a1lov study
of Sravity thresholds at which chan8es in partic-
ular physioloSj.cal systeBs begin to appear, or
leve1s at vhlch chaflges are prevented. Hyper-
gravity studles (up to 3g planned) *ould indicate
vhether exposure to periods of increased gravity
vould prevent or reverse the changes observed in
Dicrogravlty.
Another i[portant use for the Centrifuqe ui11 be
in studies of the rapld changes upon exposure to
microgravity. The rapid changes in physiology
6re of imnediate importance to the health of crev
nenbers. They are also of interest to those
studyinS the mechanisEs of adaptatioo. The opp-
ortunity to study thls phase in creu Dembers is
liDlted by the nuEber of instruDented subjects
available at that tiDe, and by the type of instr-
ufientation ,hich can be used ln humans. Animals
vhich are held at lg on the Centrifuge, however,
can be removed to microgravity at any time, and
both their rapid and slover responses studied.
Conversely, the processes of readaptation to 1g
or higher can be studied by transferring aninals
froo micrograviLy to the Centrifuge.

Glovebox--The bioisolation require-
ments of S. S. FreedoD also dictate that all
handling of biological material be done inside a
closed 8lovebox. This includes all procedures
vith plants and sniEals, their tissues, and
vastes. Habitats must be designed to fit in the
Glovebox, or be attached to it by a system yhich
allolrs the llabitat to be opened only to the in-
side of the Glovebox.

EquiDnent Washer/Sani!izer (or ServiceUnit)--
a nachine yhose oajor use si11 be to yash and
saniEize Habitats. It gi11 also clean other 1ab-
oratory equipment.

In addition to the ,!ajor facilities above,
the Freedom Station will provide specific pieces
of equipment used in Life Sciences and Materials
Sciences research. They vere selected as those
required by the majority of likely experirDents.
These items are cal1ed Laboratory SuDDort lglIi}-
ment; those of rDosf interest to Life Sciences are
listed in Tab1e 1. The Laboratory Support Equip-
ment is generic, and obviously many experlnents
will require additional equipment. NASA has
sludied lhose requirenenls and has prepared a
list of supplemenlary ilems vhich could be supp-
lied for particular missions. 1f more special-
ized equipnent is needed for certain experiments
the Principal Investigator may be required to
supply lt, AI1 equipmenr is desi8ned for rapid
chanSeout durinS a Shuttle resupply visit.

OPPORTUNITY AND CHALLENGE IN L]FE SCIENCES

RESEARCH ON SPACE STATIOI T'REEDOM

Llfe Sciences
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Table 1

LABORAMRY SUPPORT EQUIPIfEMT

SurSery/Dissection InstruEents
-70"C Freezer
Snap Cryogenic Freezer
Storage Cryogenic Freezer
Freeze Dryer
Iocubator
Sma1l I'lass MeasureDent Unit (1 8E to
Micro l{ass Measurenent Unit (1 08 to
P6ssive Dosi.meter
Specinen Labeling Device (Bar codes)
Microscope SygteE
Autoclave
pH Meter
Fluid Hardlirg Tools
Di8ital fhernometer
Caneras

10 ks)
I0 gn)

Life Sciences research in space will be
greatl-y facili.tated by Space Station Freedoo,
Some of the advantages of the nev facility over
unmanned missions or accoEnodations on the Shuttle
are:
1. Increased laboratory volume, larger cre\r, Ilore

speciEens and equipnent.
2. Longer dissions, a11owin8 long-tera studies on

the adaptatlons to microgravity.
3. If longer times are needed for some studies

(e.g., reproduction and development over trIulti-
p1e generations), speciEens may be rDaintained
in space for as many missions as necessary.

4. The capability to exanine or dissect speciEens
in space without exposinS them to the 8-forces
of reentry, or the readaptation to 18 after
landing.

5. Facilities for freezinS and fixinS large nun-
bers of tissue samples, and returning theo to
ground for study,

6, Availability of a CentrifuSe to provide 1g
control specimens, and to sludy effects of
fractional gravity and hypergravity.

7. Sufficient numbers of specimens so that groups
of specimeos may be sampled at intervals dur-
ing a nission to deterdine the tine-course of
changes.

8. Provides a peroanent microSravity laboratory
which is available continuously,

Although the Freedom Station ui11 provide
facilities and accomodations never available
before, it should not be assumed that laboratory
procedures used on the ground can easily be ad-
apted for use in space, Some of lhe liDiEations
in thLs space laboraEory include:

l. Bioisolalion Dust be maintained for at1 biolog-
ical naterial. This requires the use of the
Life Scielces Glovebox for all specimen hand-
1in8, including exaolnation, testing, aass det-
ermination, Habitat serviclnS, transfer to
clean Habltats, injections, blood sampling,
dissection, tissue preservation (freezing or
fixation), tissue cultures, bacterial cultures,
nicroscopy, and analysis. The glove box must
be cleaned after each use. Glove box proced-
ures can be tedious and denanding, especially
rhen voluoe in the box is linited. In any
case, procedures vi11 be slover than on the
Sround.

2. Fluid handling ls difflcult ln microgravity.
Sampling or volume measureoent require a coher-
ent volume, vhich can be obtained, e.9., by use
of a syringe or elastic bladder. AI1 liqulds
must be confined.

3. Water supplies are liEited, includin8 those for
cleaning. lllater is recyc led.

4. In the closed environment, toxic or hazardous
oaterials must be avoided or strictly conlained.

5, All loose iteos nust be restrained.
6, Crev time i,i11 be limited.
7. Special procedures ui11 require extensive crev

trairling,
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These are some of the factors to be considered in
planning experiDents in space.
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6lr!rEr6 r.rlcrr 1E O - 5 t 1mE the d l anrElt Br of
t:le c,rl.1( 1n .rur -asB aElout 40 ttEn). A
partLeu].arLtY',af t tr 1:s spe'=trcmEttr 1E
tltat Lt doas rlc)t neact tcl Ee €hllr(ned .rn
lea':b pat 1€r!t as 'rtt!€r suFerconductlng
rn.fg:1et - srr1l Dl.n€r 'fn ayt hcrnolterr()ulr glrost
1s euffac1ent. So 1f dlfferenl: cEIrrpart-
msnt.s an tbE bEdy hayE dlfferElrrt magn€-
t1': lBuscelrtj.tr].ll.t:,, ttle Ioc'al magn€t1c
f1E1,1 1:s dlffereDt anct ttre ueter rBaso-
na''re,s ln thesE cc{nEartmErrt are d1ff€-
rE!.rt. thl.rs 3].lorr :sgparate measurBrrrelrt
'rf t trel,r ater wcr1l.rmes. Ttts rsut-f ace ec\lL
r.Ias plaEEd .f1 thE ve,rt€x ,rf slrblE,rts.
Als the racl].'r fr6'fu'=n'=y ccrupl lncj betxe€n
thE antl3nn3 anal tjhe l]crd:. may .rary frEm
onB:}uhl€ct to errtf-her, rre,=.an orl].y glvE
rEtatl'..re wiJlurDe:s :rarlat 1onE.
It 1s -!1,rr{:1 1rr fagure 2 3 typ1cal NlIt
ltEad,sllErtrrlm sL-qulrBd 1r| one secorrd.
TrrErE arE ttrre€ lniportant pBak=: at LEf,t
t!t,= cerelrrocFi1naL f 1u1al ( csF ) re6o-
:1ai':E, 1rt ttrE In1dd1E thB t1EEuE rrater
{'f';l ) r_e.:scrr!,ilrEE artel 3t r1-ght ttre br'fad
smal l pe.ly' ef sutreutarreous f,at . I4e u$ad
th1.a lsubeutaneouE fat aa! ian ,.rrtarrral
sta:1dard, assr.]llrj'rtgf ttrat at doel9 nc)t vary
durLng thB f:rur .5our axperlfi€nt.

CSF TW

HDrm,rr1€s lBrze I ,:EtE.m 1!:r:at l.lfrt

I{. IIAUFIICE * . EI. FIOUSSEL *, TI . TIIEHIEF *
G. GAUQUELIN-- I C' GI{ABIEI '*

, LAE FI'IN EP B8 74402 CIIAII()NIX
,, LAE PITYSIO FAC I![ED 6 9 3 7 3 LYON CEDEX
s.

SpacB f1a'fht conquest 16 suE[nltted tcl
our Llnd'3r|=talrcllrlq of mea Frrysll]log1cal
behav1our 1n ].crrrg tl.me space flight.
Effect of spac]e fllght on cr€Emen 16
ea!3srrtlal1y duE ttr wel.qht f erssneslr. It
1s qEnBra1ly adr$1tted that 1n1tLa1
clranges 1nd\rEEal l3y f;Fe':€ f l1gtrt als wel l
a6 grouncl leasE experl,Inent= aslmulat 1rr9
tre1gl1t leG6ness, ara characterlzed by a
reduct1on (rf trydr.j=tat1c gr_adj.Errt whleb
condlu'=t to a tseroreflex rBspon|sE (6).
Thls r€spc)rl.le rn(3dlfy }rr.t h heart .atB ar1d
,€rlpt. eral retsllstance of ttie \:ac(]ula,r
bBd (5). €rE t{611 a6 !rDrm':,nal 1err61s. In
t!!1G rrork uE uere 1nterested 1!r shclrt
terrn Frffect (]f sl.Inrrlated I{B].qrht 16csr1B66
on lrcfr.-morrErg 1€v813, rlarnal,y Plasma Elenln
tctlvlty (PFA) snd At11al NarrlurBtlc
Pa'rtor (A}IFl, wtrl"cr.. are 1nv'r1ved 1!I
11qu1d wol unoels rEgu].atLcln ( 3,4 ) . Con-
curreritly, lrat€r voluln-s ln.tteact llere
lrea6ured by Fr'rt'Jrr IIIIR Sp€ctro€copy to
appreclatB ttle lrel1 knollrl reatlstribu-
tlolr Df thE flu1d volurnBs 1rr the upper
psrt of th€ lrody and thE rEl,at 1':rnshltl
rat tr ttrE formEr }.ormorteG-

Phyz51o1'rg1ca1 va I ue.s l,lerE rr'easured
four fErale hBalttly vElunteers. aged
to 30-

Fle]'at1ve ].1qrr1ct ve1urriec war].atLor1s l.Iere
measured bY NltR pr-oton slrectrrrscopl-
(7 ), The Epectrcllr'et6r 1s a Dsuscll sF](?oo
" It lsr lf,aaecl on a 12 tcrn6 1,2 Te8la
reslstlve maqlnet l.lth 20 cm by 12O c{n
gar,, Ttr€ m6aaurd'n€nt wolulne 1s a GDbere

VEncJr:s blrfod sarnple lrer-€ ,?o11€crted
BaEtr l1a1f an hc)rrr. A tef1on type
'rathEt€r iras Lrsed t,r a.rold thB FreaEnee
Df m€ta111c part6 n'3ar tfle magtlet.
ll'rrmDne.= ]'rvEl,s BrB dBterman,=d ursl,nq
€tan,f.a:-d raal 1e lr.aorrrrcr aEr6a1, metl.od6.
El,,f'fd sarr'ples r.e-€. f'r-ErzEd fcr trans-
!r-rt'3t Lort o'afore :r,saay1lrrtr.
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Ttre Bxper.amerrt lrac reaL,.aact 1!r tttE
mornlag, lrBq].nnl"rlg ul'ttr a rest lrf the
6ulejBct 1D s1ttlng Fct€1t1(fn dur1ng 3o tnn
!r1tl. a f1rlst b1ooct sarnple after 15 mn,
'rlrereaf,tsr the EutcJect lras lread ctc'rrrr
tl1tsd at -6' clur1rrg four- trour€. Blcrrd
€arnple6 and NltR rglfectrac rrEre ccllleetErd
Bach 30 mn. at th€ end of the forrr trcrl.rr.s,
t}..e sulrleEt a1t f,'rr 3l].on an.l therr ttre
1a.Bt waluE6 arE co116cte'd

:at\B ml:Jst 1.nterestlng of ttte|se reEu].tc
(f1g {r) 1c th€ ssm.. patt€rn an A}IF and
IiratEr wcraurDe var1atl.Jrr. S1n're 1t lras
lr'3err llhclrrr 1n ttrB l 1tteratu!-€ (1rZ) t} B
EffEct of ANF on CSF .sEE:ret 1c,n €lnd the
Ifrersen'=e of ANF recept.rt-:: 1rr tbe lrLl](]il
bral'rr barrler, furttt€r 1nw€lst l.gat 1l3n'
ahou1d lf€ undertak€n to study ttre rolB
playe.t rry ANF ,'n trre trrel'n lrater
requ:.at 1'rn.

ExperlmEnt protcr'=E1 :

ITESI,L-fS

TOTAL IIATEN

csF

l

DISCUSSlAN

NlIlt va].treas of Eater wolulne arE e)<prB:ssect
1n rat 10 frdn trElgttt of tl1'3 Eubcutaneous
fat l,ear< .
A11 walu€a are I-efBFBn':B.l to eontrEl
vaLuea mBasuredt 1n c1tt,.ng p'ra1t1|fn-

c

TIiI

PTAI,I€ fouhd a 61grr1f a'=antl"y lncreaGB 1n
totat liater ccfntBnt (Tlir-|.csF) L!r heact
durlng HDT (p<O.oE , f1QI 3). CSF
l.nerBac€a but not sigrrlfi.eantly, TI.I
to,r. Iilater vo]-ulnEs do not csoE fiack tc
tl.El.r control va).rres at th€ 6nd of ttre
exp€r1m6nt. A deerease an PFIA and e.n
1ncr€aG€ 1n A}IF (f1g 4) 1!s DbgiervEcl.
Elotb bortnonss Ctld n(3t return tc' thelr
corrtrol 1BwBl at tbF enal of ttre s>:FErl-

i.r l !.5 { {,r t
h.:rurs

\Ia].u€s frotn ].3ub:|Ect

FEFEFENTJES

(1) ChabrlEr p.E". Ir()ulreri P., Plals P.
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and brel.lr tlssue. HEr thlrlk ttrat tIrE
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IICUINISIIS (r LOTER B(DY POSITIVE PRESSI,IRE-
IIOT'CE) NATRIURESIS.

RESII_TS -
Inflation of the anti-G auit induced the

usu8l irmodiate and suatained incte€se in mean
erterisl presaure (+11+, Torr, p(,05) end
declease in PR (-1511 beats/Din, p<.05).

Hemetocrit 
-was 

docrossed (p<.05)
throughout inflation, while plasma Na+ and
osmo]al.ity remained eBsentially unchanged. PRA

was significantly decreased by ,0 min of
inflstion, snd maximally auppressed (p<.05) by
55+4.4". afl,et 2 hr of infletion' yrhile plssma
ANF rem5ined unchanged. Crestinine clearance
(GFR, corrected to '1.7t n2 body surface atea)
w6s unchanged, yrhile inflstion induced msrked
inc.eases (p<.05) in urine flol'l (V), oenolar
(Cosm) end free water (c,,"^) clearsnces, Na+
excretion rate (u.,-.v) nt%d decreaaes in
fractional totel ''oand proximal Bodium
reabsorption (Table 'l ). Potassium excretion
(tJ.,V) increased 6fter 2 hr of infletion,

Hour I Hour 2 Hour J

GFR (mllmin) 106.8+6., 111.7+6., 108.1r,8

V (m\lmin) 1.55!.41 t.14+.79* 5.85+.85$

C,,^^( ml,/min ) -O, 54+O. 46 0. 98+0. 82 2. 98+0. 97+$

u.. v
il8r"/rin 62+10 11.z+'ro.1, 120, r+25.8*s

96Na r6ab-
sorption
Tot a1 99 ,64+

.04
99 ,26+

Proximal

GEELEN G., A. HADJ-AISSAT, G. GAUQ{JELIN,
P. PASI, N, PoZETT 6nd C. GHARIB

Laboratoire de Physiologie IJFR Grange-81anche,
lJniversit6 Claude Bernard, 69171 LY0N Cddex
08, and *Service d'Expl.oration Fonctionnelle
r6nole, Hopital E, Herriot, 59001 LY0N France.

INTR X'CTIO{ -
The use of lower body positive pressure

(LBPP) h6s been proposed by our group as a
valusble alternative technique to bedrest (BR)
and water imnersion (WI) for studying blood
volume regulation and for examining early
cardiovascular, hoamonal and renal responses
to simulsted weightle8sness (5, ,). A headward
redistlibution of blood is indeed the co non
feature of BR, }lI, and antiqr€vity suit
inftation (2, ,, 4, 6). flhile determining the
effects of LBPP on kidney function in normal
men during head-up tilting, we shovred
previously that the changes in kidney
excretory patterns brought about by
antigravity (anti-G) suit inflation (mainly I
marked diuresis and natriuresis) vrere similar
in natule and maqnitude to those obse[ved
during l{I or the e8rly phase of bedrest ()),
The goal of the present study vias thus to
investigote the mechaniems of LBPP-induced
natriuresia.

lfTlrDs -
For this purpose, after an overnight

fsst (no food,.no drink) 6 mele subjects (14+2
(SE) yr) underwent ,0 min of sitting during
which they received a liqht bDeakFast,
folloy.ed by I hr of 70o head-up tilting. An
anti-G suit (MAST III A, David Clark) was
applied (60 Torr Iegsl ,0 Torr abdomen) during
the last 2 hr of tilt. To provide adequate
urine flow, the subjects we.e given 500 mI of
nater at breakfast, then 200 ml st the stalt
of e6ch hour. Urine collection was m6de
hourly. uri.ne flow, osnolar and free w6ter
cl.earances, tots.I and fractional Na+ excretion
weae neasured. In addition, glonerulsr
filtration fate (GfR) and proximsl Na+
reabaorption were measured by fiEans of
creatinine and lithiu,n clearanceo (8)
respectively. Pulse rate (PR) was monitored,
and blood presgure was measured using a
Dinamap,

Hematocrit, plssma osmolality and
electrolytes vrere determined, Plasma renin
activity (PRA) and plasoa atrial nstriuretic
fgctor (ANF) we.e meaaured at l0 min.
intervals throuqhout the experiment (9, 5).
Plasma ANF was also measured 15 min, sfter
inflstion. Dats are expressed 6s mean + SE,
They were anslyzed Hith the l{ilcoxon meEhed-
p6irs signed-ranks test. The null hypothesis
was .ejected when p<.05,

19.04+
1,8r

75.12+
?.o24

Di sta I 20
1

27.81+
. .nA

25.12+
1,974

hou
hou

T6ble 'l : Changes j.n kidney excretory petterns
induced by inflat.ion of an anti-G suit on six
nale standing subjects.

DISCUSSI0{ -
Joqether with increased MAP and

decreased PR and PRA, natriuresj.s appeared
again in this expeliment to be e
characteristic feature of anti-G suit
applicstion (r). NatriureBis oecured 6s early
a9 the first hou! of infletion and incleased
markedly thereafter. The question arisea as to
its mechanisms. Since c[eatinine clearsnce
(GfR) and plasma Na did not change
significantly with inflation, a role for
increased Na 1o6d, if any, can onLy be modest,
An increase in plasms ANF does not appear to
be a causal facLor either since, in opposition
with the findings of }{ILKINS et al ('10), ANF
in our study was not increased by inflstion. A
possible exp.lanation may be found in the fact
that our model realizes the unususl
combination of a central hypervolemis together
with a prompt, nalked and sustained bradycar-

99 ,57 +
.0 5; 20|

t+
F

11,9
1.6

3+
7-

6
9

*p<.09
Sp<.0t vs

f'l
t2
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t,,v 14.01+ 48.04+ 7O.37+
Aole/nrin t.7 - 10- 15*-



AIXMI -EIfOftiTS - l{e ,,ish to thenk IJFR

crange-Blanche, tlFR de Biologie Humaine and
Univeraita Claude Bernard (Physiologie de
I'Environnement) for their financial supporL.

dis, so that the latteD would oppose the
foroer stimu1u6, the result being 6n obsence
of chsnge in ANF eecretion.

The increage in ur.inary potassium makes
it unlikely for the suppreasion of aldosterone
secretion to play a role in the natriuresis of
the first two hours of inflation. Lithium
clearance was increaged and sn increase in
distal reebsorption occured, rhich only
compenaated pqrtially for the decreased
proxima.l reabaorption. 0n the othe! hand, rre
hsve previously shorn infl6tion to regult in
on increase j.n effective renal plasma flow
(ERBF, ,). The increeae in N6 excreti.on was
eccoinpanied by en increase in K excretion,
which suqgeats a decreased K proximal
resbsorption snd/or an increased K distal
secretion in relotion to both the increase in
V and in dj.stal Na delivery. Thus, the
n6t!iuresis of anti-G suit inflation appeerg
to involve a decrease in Na aesbsorption
proxirnsl to the di8tsl tubule, which could be
ascribed to either/or one of the tno fo.lloring
nEchanisma : i) I change in peritubular
Storling forceE, due to the pressure-
natriuresis mechanism (7), ii) a decre6se in
sympathetic .enal nerve acti.vity (1),

8. THoMSEN K, Lithium clearance : a ner method
for dete.mining proxim6.l and distsl
tubulgr reabsorption of godium and
{ater. Nephron, t7 | 2'17-22), 1984

9. VINCENT M., J. SASSARD and J.F. CIER.
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Rev. Europ. Et. cIin. Bio1., 17 : 1001-
1006, 1972

10. }{ILKINS M.R., H.D. GAWAGE, L.B. TRAN,
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concentratrion. J. Hypertension' 4'
suppl. 6 : 5500-5502, 1985
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IE{DYN[{IC, PLASIO Rfillt| ACTTVITY ArO
M)REPII{EPHRII{E CTIA}GIS ITOI,EID BY ANTI-G SUIT

I}fLAT IIT{ IN I{AT .

Chilled heparinized bl.ood sanples rere
taken every J0 min throughout the study 6nd
also '15 min after inflEtion for plasms renin
activity (PRA) and norepinephrine (NE) neasu-
rements. Pulse 16te (PR) was recorded, 6nd
mean arteri6l pressu.e (MAP) was cslculated
from eystolic and diastolic blood pressurs
flleASUre0entS msde USing a sphygmomanometef
(MAP = DBP+1/I ( SBP-DBP ) . Dota a.e expreeaed aa
means + SE. They were 6n6.Lyzed using the
liilcoxon metched-paired signed ranks teat. The
nulI hypothesis was rejected when p(.05.

GEELEN G

PATAT**,
., J.L. SA[I4ET*, 

'. 
Ottr1115**, F,

J, GUILLUTT* and C. CHARIB

Leb, Physiol. UFR Grsnge-Elanche 69171 LY0N
CCdex 0R - Fr€nce
*Lab. Physiol. Fsc. l'lddocine 49045 ANGERS -
Frence
*Lab. Eiophysique Fac. Mddecine ,7012 ToURS
Frsnce

IilTR(n CTr0{ -
Antigrsvity suits hsve been uaed

increasingly as life-saving devicea in
emergency medicine in the treatment of
hemorrhagic shock and postural hypotension (6)
and proposed as an elternati.ve to bedrest and
rater imersion for studying the esrly csrdio-
vascular, hormonal 6nd ren6l effects of
weightlessness (1, 9), since their epplicatioo
results in an incresse in orterial blood
pressure end a headwsrd redistribution of
fluid. Ho{ever, some degree of controversy
sti]l exists as to the flEchanism whereby the
sntigravity suit (anti-G suit) augments
systemic arterial pressure (increesed preload
and/or mainly increased sfterload) ('1, 2, 4,
6, 7). 0n the other hand, attentj.on h6s mostly
been psi.d to the hemodynsmic chsnqes that
occur irmediately after inflation, and not to
the longer term (more than l0 min.) effects of
inflstion, i.e., to the adaptive nechanisns to
the long lssti.ng inflation-induced increase in
arterial pressure, This study was thus
de8igned to aseeaa the effectg of ls8ting
anti-G suit inflation on cardiac volumes and
cardiac output (C0 ) snd clarify the
participstion of increased C0 in the LBPP-
induced lncrease in blood p.essure' nhile
controlling certain neurohormonal responses.

tf THfi)s -
For this purpoae, after 6n overnight

fast (no food, no drink) 6 m8le aubjects
()6+2.5 (se) yr) underwent a l0 min conttol
period sitting, at the beginning of yhj.ch they
received a light breskf8st, then a J hr head-
up tiltinq to 70o (70o HUT). An 6nti-G suit
(MASI III, D6vid C.l€rk Co) w8s applied (60
Torr legs, f0 Torr abdomen) during the last
two hours of tilt. The subjects received 900
ml of water with b.eakfast, then 200 mI at the
st6!t of each hour. Two dimensionel echo-
cardiography N,as used to measure the
inflstion-induced chsnges in cardiac voLumeg.
The ultrasound device was an echocardiograph
(Aloks SsD 118) including two rorking modes :
a J Hz DeaI time B mode imaging (Sector Scan)
and a time motion modei such a system allons
the visualization of the cardiac chambels as
well as the display of the ventri.cular and
au!icular rall movement. fleasurements were
nsde -r0 min before' then +10 8nd +90 mjn
after inflstion.

RESII-TS -
Lnnediately upon inflstion, l,{AP

increased by 7+, Iorr (p(.05) and PR decreesed
by 20+4 beatsZmin (p(.05). Plasma NE snd PRA

were ;ignificsntly decreased as early es '15

mi.n after inflation, snd maximally euppre!,aed
(p(,05) after 15 snd 50 min of inflation,
respecti.vely. Compsred to preinflation valuea,
left ventricular end diaatolic volume (LVEDV),
left ventricular end systolic volume (LvESv)
and Byatolic volume (Sv) were increased +10
and +90 min after inflstion (table 'l). Cardiac
output (calculated ' es SV x PR) roae
transiently after l0 m.in of inflation, despite
the import6nt bradycardia, but the increase
was at the limit of eignificance (most likely
on account of the small number of subjects),
and was b6ck to preinflation vslues at +90
min.

-10 riin +J0 min +90min

LVEDV (ml )
LVESV (ml )
SV (nI )
PR ( b,/mi n )
C0 (mllnin )

91+5
4d'
46:5+4.5
79+ T

,5017146

122+1t*
55; 7
67; 8*
6G tx

4782i595

1'10+5.5*
585.5*

5t ,5;5.5*
6t+2*

)t42at5'

*p<.05 vs -10 min

Tsble 1 - Echocardiographic measurements of
cardiac changes (nean +SE) induced by anti-c
suit inflation in six 70o head-up tj.lted
subjects.

Drscussrol{ -
}{hen C0 has been flEasured in previous

rork under anti-G suit -tnflation in man as in
animals, measurements have led to confl.icting
results. Howeve!, twc main points can be
derived f.om those studies : firstly, the
pre-existing leve] of blood volune appears to
be an important determinant of the direction
in which C0 changes (1, 2, 4, 6, 7). secondly,
an snti-G suit j.nduced incleased preload is
suseeptible to occur as a first step of the
sui! sction : i) when the starting central
venous p.essure is very low (as in patients in
shock), ii) rhen Lhe pressure applied with the
suit is in the lovr range, iii) when venous
pooling of blood h6s occurred, as j.n our study
where the subjects hsve been head-up tilted
before infl6tion (2, 6, 7). Thus, our dsta
show that in the standing condition, i.e. with
mild unloeding of the left ventricle, anti-G
suit inflatj.on induces a significant increase
in LVEDv, indicoting an incre6se in p.eload,
This is in ogreement with SEAI,IoRTH et 61rs
d6ts (7), However, the increase in C0 occur8
early and is short-lasting, since it h6s
dissppeared after 90 min of inflation' so that
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it certainly cont.ibuteB but only tr€nsiently
to the LSPP-induced MAP increase. In addition,
6n inflBtion-induced bo.o.eceptor-mediated
decrease in sympsthetic activity does occur,
8s ref.l.ected by the e6rly, m€rked 6nd
sustained decrease i.n PRA and plasma NE.
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ABSTRACT
Tail suspension was utilized to

study sex di fferences i n the effects of
hypokinesia on blood constituents of
rats. Twelve male and twelve female rats
were used. After four weeks of exposure
to tai l suspension or non-treatment, the
rats were 'laparotomized under ether
anesthesia and blood samples were
obta'i ned. Biochemica'l tests on the b lood
samples l{ere then performed immediately.
Hematocrit and serum iron were a'l so
estimated. The results were as fol'lows:
1) The same tendenci es were noted i n
bl ood consti tuents between mal e and
female rats in the control group and the
tai l suspension group. 2) Thi: average
levels of blood albumin, creatinine,
uric acid, g'lucose, trig'lyceride, serum
iron and hemoglobin in the tai l suspen-
sion group were lower than those in the
control group, especially in male rats.

I NTRODUCT I O I,i

Muscle dystrophy and bon€
demineralization have been widely reported
during simulated reight'l essness produced
by hind-limb suspension in animals. l.le
have been utilizing the suspension method
for studying the metabol ic and hormonal
mechanisms of mineral metabolic adaptation
to induced hypokinesia in rats. Recently,
tai'l suspension has been utilized for
simulation of weightlessness. I,l e therefore
used tai l suspension to study the
'i nfluence of hypokinesia on blrod
constituents in rats.

t'lATERIALS ANO METHODS
Twe'lve ma le and twel ve femal e rats

(llistar strain, nine weeks old) were used,
and divided into two groups, a control
group (c) and a tail suspension group
(Ts).
The period of tail suspension loading was
four vreeks. Rats were kept at a room
temperature of 23!2"C and 50-80u relative
humidity and allowed food and water
freel v. TS rats were su s Pended bY a

stainiess steel wire (0.7 mm) passed
through the root of the tail, taking care

to i nsert the wi re through the bone
correctly. Rats subjected to tai I
suspension were raised in separate cages.
After four weeks of exposure to tai I
suspension or non-treatment, the rats were
I aparotomi zed under ether anesthesi a and
blood samples were obtained fron the
abdomi na'l aorta w'i th an i ntravenous
infusion set (winged needle). Biochemical
tests on the b'lood samples were then
performed imnediately using a VISI0l,l-TM
system (Dynabot Co. ) . The tested
parameters i ncl uded the leve ls of total
protein, a'l bumin, urea nitrogen,
creatinine, uric acid, g'lucose,
chol esterol , triglyceri de, alkaline
phosphatase, 9l utamate oxaloacetate
transaminase, glutamate pyruvate
transami nase and hemogl obi n. Hematocri t
and serum iron were also estimated.

R ESULTS ANO OISCUSSION
A comparison of albumin values is

shown in Fig. 1. A significant difference
in albumin was found betl{een the C group
and the TS qroup. As also found in the
Skylab crew, albumin decreased on the
third day and 14th day after recovery.
This decrease in serum albunin was due to
suppression of synthesis, reduced
absorption and Ieakage. This is a'lso wel l
knolrn to occur in cases of hepat'ic injury,
malnutrition and starvati on,

Albumin

m9/dl
6

2

0
C TS C TS

Fi 9. 1. Al bumi n after four weeks of
tail suspension. Value is meanstSE.
Significantly di fferent from control
at *p < 0,05 and **p<0.01.
C:control, TS: ta i l suspension,
M:male, F: fema I e rats

As for creatinine and uric acid, the TS
group showed lower mean values, the
difference being significant in male rats
(Fig. 2). Sliqht increases were observed
in plasma creatinine, which v{ere
presumab ly indicative of slightly
decreased creatinine clearance. The
excretion of uric acid was decreased
throughout the mission in most of the
Skylab crew. It is well known in a

clinical setting that a di sease involving
a decreasing level of uric acid occurs due
to a decline of uric acid synthesis and
its accelerated excretion from the kidney.
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Creatinine

0 C IS
Creatinine and uric aci d after

tai I suspension. Va'l ues are
ni ficantly di fferent f rom
<0.05.
:tai'l suspension,
ale rats

Ur ic acid

blood glucose and

accounted for the mobilization of
trig'lyceride observed after recovery in
the Skyl ab crew.
A comparison of hemoglobin and serum iron
is shown in Fi9.4. No sign'ificant
differences in hematocrit were found. As
for hemoglob'in and serum iron, 'lower mean
values were found in the TS group, the
di fferences being significant.
These resul ts imply that TS -g rou p rats were
in an anemic state. It is interesting that
this condition was induced by tai l
suspension. In the case of space f l'ight,
astronaut anemi a has been reported, the
main phenomenon involved being a decrease
of red blood celI mass, This is thus
clearly different from the anemia observed
i n TS rats. Therefore i n thi s study, no
significant difference was found in other
bl ood biochemical parameters.

Hb Fe

g/dl M

mg/dl M
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5

0 C TS
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(Fe) after four weeks of tail suspension
Values are mea ns tS E. Significantly
different from control at r*p<0.01 and***p<0.001.
C: contro l , TS:tai l suspension,
M:male, F:female rats
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DEVHOHEiT OF AI{ ATIITICIAL GRAYIIY SL@ER

(Ies)

Ib.vid Cardrs*, Peter Diamndis+*
Wesley G. MClbggart* snd Scott C$pbe11***

*Baylor Oollege of ldedictule, DepsrtrIEnt of
Rehabilitaticn, Houston, Ter€s 7?O3O

ttlnternatidral Space lhiverEity, Boston, l{A
***Institut€ for Circadian ph,'siology, Bostoa, MA

B<tended periods of expslrr€ to rdcrogravity
Lead to signlftcant pattDftryslologlc chsrEes tut
\rarious systgrs of the body. Most of tbese changEs,
iriile not &trj-sEntal during space flight, pr€sent
a major problem on rEturn to earth's gravlty ard,
ln the futu.!e, in tlre descent to ary planetary q]i-
fa.ce. Olrrent eflorts toc,ard fiaintai[i"Bg earth-
rprrEl FhysiologlcaL condition involve physlcaf e{-
ercise alld lc,v,,er body negative pressu.rE, Though
these efforts are partially successful, they uti-
lize a signtfie$t portlon of the crsi,'s potentia.l
ti.IIE. In addition, these countenrEa,sures & rct
add€ss the fu1l spectn n of physiolog:ic cotrdi-
tioning needs.

'Ihe objecti!€s of ou.r prcjest are: 1) Tb desigtr
ard build a z{eter radlus "hurEn @Nrpatible" cen-
trifwe (terrEd tie Artlficial G{'avity Sleeper or
mS) as an ad!?rlced versioo of a.D origina.l rad-taL
centrifirge developed at MIT. The advanced version
will be able to acc@date up to 4 subjects at a
tijrE, operate at a brDader range of speeds, and
hale greater saJety featur€s. 2) Ib expand on a
previous pllot study to investigate the qua.lity of
sleep duriDg 106 gradieot centrifi.gation ou the
lC^S by studying a larger gr.olp of subjects. 3) To
coaduct a miqagravity sinulatlqr stu@ usiog bed
r€st to a.ssess tbe ability of 106 gradient cenEi-
fugation to fimctiql as a @unterflEa.sutE to cardie
vascular deconditionihg.

At the tiJIE of prcpaxing this paper the fo11o,r-
lng sleps had been accdrplished:

1. Design of the centrifuge.
The desigD phase has been cc(Ipleted. the n€v

AcS (Fig. 1) witl be a circular platform on e 2 n.
radius, 76 CIII. hieh and with a m (,It. high circu-
lar enclosure. Ihe platfom will rotate on a cen-
t!a-l sLpport stn-rcture and on a 3,6 m. diallEter
tra.cl srplDrted by six air inflated n reel-s. (Elg.2)
A magnetic breaking systqn will be able to sto!,
the platfom i! alproxiJnately 10-15 seconds. Drring
operatidr, 1t w-i11 be possible to spin the centri-
fuge to a maxiEm of 37 rgn, wtrich will carlse ap-
proxtuately 2 g at the feet. $ithin the ceDtral
support structure therc will be a slip-rjrg ass€oF
b1y through ntridr pcmer gnd e)QerirErtal data wl1l
f16/. the surface of the platfom will hale areas
for housing npDitorj.ng equiFrEnt and a tr8,ck sys-
tqn to vraj.d r-p to four beds can be trDutrted. llh€n
trc or lrDrE Hs are lrDunted on the frs, thry .ir,-i11

be stationary. This wilL locate the subiect's tEeds
just off the center of rctaticn. the beds will tEtre
tle ability t! tilt at teast 6 &g1res in order to
rais€ the levet of the feet above the head. the

beds,rill be fu]1y enclosed urder clear c€Iopies
in or&! to prc!€trt the sleepirg $rbjects frca[
feeling the breeze rdren rctati€, *rile aUoning
the researdrers to keep vi.sual contact at a.11
tirEs. ltxe subjects wlU also be IIDDltored by vi&o
calErs.s trttldr w111 be llDunted on the head of eactr
canopy. An interccrn systqr wll1 be illstal.led to
al1c, reseaxctrer:s a,td subjects to be in constant
comunicatioD. the subjects will sleep with eye
masks trl aDd tbe carodj.es will be ctced to eltn-
inate al1 phlsical and visual c1u€s i-odicattulg
that the platfom is splnning. Ao additlonal csro-
py will be built opaque and wltb lights to be able
to observe temasked subjects irldle they ar€ apa,ke
and active (i,e. r€adlng, exercisjrg, etc.)

Etg. 1. @ltrifuge platlom with four beds and
ca!@ies,

2. Oonstructidr of tbe centrifi.Ee.

Oonstructicn of the centrifuge \pas sta.rted fu
early August of this year. 'Ihe platfom is antlci-
pated to be built by the niddle of Octcber. At
that ti.@ iostruEntal testing will be &ne. this
will include perfonurce of the centrifwe plat-
fom, @tors, pc,wer train and cootrols, equigrent
attad@nt s]'stsrE, rlr)dular patient Hs with
rnattresses, and shrouds for each bed,

3. Plaffling of hrmar eleerjrentation.
Hun€n eryerirEntatlan w111 co[stst of five

t,?€s ol e4erirr,.nts.
Ihe purpose of the fil:st type of eryeriJEnt is

to stuq/ the ph,'siological reslpDse to lE-rious r{-l-
tatioo speeds, and to position of the head j.n re-
lation to the axis of ltctatlon. The prircipal. ob--
jectl\€ is to detemine huDan toleraDce to centri-
fwaticn ln tefiE of sleep, alertness and perfor-
uEnce and to study the caxdlovascular responses.

the purpose of the secood tlTe of e>peri-@nt is
to claracterize the physiological. r€sponse to bd
!est. The period of bed rest wil1 last Lp to t$a
or three cieeks. lbsting of the cardiovasqrLar sy$-
tern w1lI be bne before ard at the end of one 1,Eek
and aaEin at the eDd of tsD or three reel<s to as-
certai-n the niniral stay in bed trecessary to elic-
it substartiaf caxdiovasqflar &conditio!1n9. the
hea&&*! tllt (HDI) pGition w1U also be tried
as a procedure for a4celeratj.lg the &co[ditiooiug
effects of siluflated nicrDgrayity.

the purpose of the third twe of e)seri.@Dt is
to stury the reaonditioning effect of centrifuge
rDtation on previously &conditioned subjects. l{e
will deterrdne the caadio!'asculal reconditionillg
effects, 1f any, of htemittent 10ffi gradient rc-
tatioo at 1 g. Rotatiql oo t].e centrifuge will be
r.{) to 7 continrDus hours eari day for tqrc or thrce
qEeks. 'fihile Dot on the centrifuge tbe sulciects
s,'iu rslair in tbe horircnta-I position in bed rest.

)
:

s- 2



The F(uTpse of tlE fourth tlzpe of experilEnt is
to study ttre prelEntive elfest ol ce[trifr.€e rcta-
tioD on rpnrElly @Dditioned sulcjects, We w111 de-
terraine the effects of 106 gradlent centrlfugEtlon
at 1 g in nElntalning the caldiova-scular condition.
the sicjects will be suhritted to continuous bed
rest for !{) to t$D or thlee rceks with deily rcta-
tion on the centrifuge for 7 @ntlnrDr.is hours each
day.

Fig. 2. O!€rhead view aDd lateral vie\r, of the cell-
trifwe with pneuatic support.

the purpose of the fifth twe of exlErinEnt is
to stud the physlologica.l rcsponse to a ccnbina-
tion of H r€st, centrifuge rotation ald physical
er<ercise. We will detemture 1f physical exercise
added to rctatioD has an additive effect iD pre-
!€nting the cardiovasq]la! deconditioni-Dg that re-
sults frcm siJmlated microgravity (bed rcst),

4. l,{ea,surqrEnts ard tedrniques

the effects calsed by the experfulEuta1 situa-
tioDs described above pi11 be assessed by couduc-
ting psyclDlogical studj.es on sleep, alertness and
perfortrEnce, and on physiological studles focusing
but not limited to cardiorEsc"ular coDditioning.

S1eep, alertness ard perfomErce studies. l,rqjor
sleep episodes will be polrexaphlcallt (mG, EOG,
Xlfii) recorded duriDg rotation on ttE cetrtrlfuge.
Data c/i1l be stored on magnetic tape, printed out
on paper and subsequeDtly ala-lyzed using stardard
scoring pDcedur€s ard c(tlputer assisled pc,we!' and
frEquency ala.lysis. Partiorlar inter€st wiu be
placed on ttEasllr€s of sleep efflcietrcy, sleep con-
tinuity ard "depth of sleep." The latter being as-
sessed by delta (0.5 - 3Iz) power frequency across
the sleep period.

Post sleep afertuess will be objecti!€1y eval-
uated by a Malntenance of Watefufness lbst (I'lwT)
addnistered at tvD-bour i]]terlrals thror€h the Slb-
jects rpalre periods. During a 20 nfnute tria1, the
subject u-111 be instructed to relax but rqnain
4r,ake. m will be coDtinDr.Bly nDnitored. If sleep
is detected ${thin the 20 lllioutes, the subject
will be am.kened and the test terminated. perfor-
mance capabilities w-iu be assessed prior to and
folLciri-sg eadl period of rptation on the centri-
fwe, A brief tesrilg battery, requiring apprcxi-
rEtely 15 mlnutes to aqrplete, will be adr[nis-
tered. these tests @rprise a subset of ilxstnF
nEnts contained in the lfalter Reed Perfomance As-
sessrEllt Battery. these instrurEnts will evaluate
leve1s of \,'lgilance, decislon rnaklng ability,
psydrc Dtor skil1s, and cognitive perfornEnce.

Phvsiological studies. Testing will be &ne before
ard after eadt e&eriJrEnt to evaluate tlE st-bject b

cardlovascular coudltlon. Tso levels ol te.stiDg
wiU be &De,

hbostati-c tolera.nce. the foUc,wi-ug varlabtes
w111 be [Dnltored before, during ard agaln after
head-up tilt: a) EG pattern, b) heart rate, c)
blood pr€ssure, d) strcke \,o1uE and cardiac out-
put, e) bodl1y fluid distribution and f) baxo-
receptor-cardlac ref 1ex r€slDnse.

D<ercise toleraDce. Aesponse to exercie will be
studied by leg or alrn exercl,se in the suplne posi-
tlon. Vaxiables to be nDnitorcd ar€: a) DCG pat-
tero, b) heart rate, c) blood pressure, d) stroke
volurE and cardiac output, e) blood oxygeo satura-
tioD, ard f) orygeo consuq)tlotr. Duritrg rctation
on tbe AGS tJrese cardiovasqflar f,ararrEters w-i11 be
also rID itored contirlDrisly for safety and re-
sesrch purposes, excepting or{ygen cons!&ption. The
rEthods to be nFloyed are: EG by rcdified \6
lead to asEess j.sdlgllia, rhlttmicity and heart
rate, Blood Fessure (Bp) and pressrEe-rate prod-
uct (RPP) by al1 autql)atlc systqn, a,nd strcke vo1-
ute (SV), cardiac output (m) ard thoracic fluid
ildex (IFI), by an electllca] irDedance tednique,
to assss the function of the heart as a pwp.OS,-
gen consrrrptloE E-it1 be detenLi-ned by collectjllg
epired gas in Dowlas bags, rEasuring rcspiratory
gas concentrations by nass spectrqrEtry ard gas
lelurEs u1th a wet-gas nEter. Blood o.ygen satura-
tion wlL1 be recorded by infrared oxrnEtry in the
ear lobe to detect cerebral ischsria, Bodily fluid
dlstribution p-ill be estinated by total body alld
1eg electrical inqEdance using trc energy 1e!€ls
to a.&sess cianges in distribution of totaf bory
and extracellular water a,s the nra.jor cc.rponents.
PhotoplethysyDeraphy idlI be &De tp assess pe-
ripheral arterlolar activity durirg the head-up
tilt. C:Eatinlne clearance and free wate! excre-
tion studies will be done to assess rEna-l functioD.

The planned qeeriJrEnts stDuld aUo1, an e!ra1-
uatiq! of the centrifi€e in ternE of hurEn toler-
arce to totatio[ and of its use as a @unte]rlEa-
sure to the lhysiological effects of ni.qogravity,
As a result of this project, the ACS may be found
to have potential usefulness as a t@1 for study-
ilxg the nEchanisrE of sonE of the physiologica.l
a"lteratiolls riixich ocolr as a consequelrce of micrp-
glavity or certain hlTokinetic colditions.
Supported by NASA Grant No. NAG{-1691.
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In previous expellments, !,e have shown that the
grolrth rate of a single-celI organlsn, Palaneclum
tetrauleIla, was stimulated when cultures were
exposed to the space flight factors (1-2). This
effect can be ascribed to nicroglavlty, as it was
deEonstrated aboald Challenger (Dl nission) uslng a
19 centrifuge: the stimulatory effect, observed in
static cuftures exposed to Dlcrogravity, disaFpeared
ln the centlifuged cultures (3-4) ,

Based on these data, effects of hyperglavity
were investigated On earth. paramecla were exposed
to various gravltatlonal levels, ln short terD or
long duratlon experlEents. Secondary effects and
the ceII Doveroent rere also studied. Results of
ou! experirnents are in good agreeDent r,ith those
of space experiDents anal conflrn the negative geo-
taxts 6f ParanectuD-

20s

Eigure 1. Eff€cts of 3 day-exposure to hypelgravity
on relatlve variatlons of cell populatlons (Error
bars sho$ SEU).

"he 
inhibitory effect enhanced according the

duration of the experiDent, as shown in Table 1.
For the three investigated g levels, an exposure
time higher than 3 days lesulted in a Dore obvious
inhtbitory effect, ho\reve!, dlfferences between the
centrlfuged populations after 17 or 30 days are not
signlflcant.

ParaEeciru tetlauleIia (wlId straln 82b) was
cultivated in a str.aw lnfuslon bacterlzed with
Enterobact€r aerogenes. Sixteen dlvislons after
autogany, cells 1n dlvision \rere isolated. After
dlvlslon, one slster cell was used for the experi-
ment, the other one for the control experlment.

Each culture tube (1 cD diameter) inclualed one
cell and 4 nl of medlum. Tte culture tu.bes, hefine-
tically closed, were placed, ln a veltical posltlon,
on the rotating platforD of the centrifuge. Flve
expeliments $ete calried out for each g level. Cells
lrere centrifuged at 130 4m (2 to t0 q) or 190 4x!
{20 g). Fifteen cultures were used at each fixation.
CeIl counts lrere pelforDeal uslng a haenatocytoneter
and repeatsed thlee tlmes. ceneration tlbes qrere
neasured after clonlng and transferring the parabe-
cla ln depressi.on su.ales.

Results

Contrifsgctlon

(d695,

g loYel

5 I

f, O,EE 064 0.70

l7 066 0.5t

30 0.70 0.49 0.50

Table l. Effects of long tern exposure lo hyper-
gravity. Relatlve vayiatlons of celI populations
(a11 results are slgnlficant , p < 0.05).

2) The posslbility of a secondary effect of hyper-
gravi.ty uas studied, measuring the generation tiEes
of paraDecia just after the centlifugation or 24
hours later. As shoh'n in Table 2, the generatlon
times of centrlfuged paranecla was increased
(p < 0.05) when cells were tested just after cen-
tri fugation. Twenty four hours latet , the generatlon
times of paramecia, exposed Lo 2.7 - 5 - I - 10 9
for 3 days, rrras restaured.

1) As shown ln F1g. 1, the cell grolrth rate
decreased in 3 day-centrifuged cultures, the grea-
test lnhibitlon occurlng at the hlghest gravita-
tional levels. Differences between contlo1s and
centrj.fuged cultules are signlficant (p< 0.05) at
every 9level.
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3) In order to denonslrate that changes j.n ce1l
ploliferation could be reLated to a cell sediEen-
tation, the ceII displacement with regard to tie
centrifuge force was studied ln cultures exposed to
valious g levels. Cells were housed in plastic
tubes, lncluding two coDpartsents A and B, dLvided

1



by a rubber plece. Before centrlfugatlon, 10 parane-
cia (3 hour-experinent) or 1 paranecla (3 Day-e:Ae-
rloent) \rele lnt.oduced in each coEPartsent, the
rubber tube beeing claraped. Ite tu.bes vjere placed
in an horizontaL positioD, aloDg tshe radli of the
rotating platform of the centrlfuge. The cor4ral-
t-oent A was placed near the centrifuge axis : cells
q,ere thus exposed to lower gravity leve1s than in
B. fhe folceps were relooved just before the centri-
fugatlon : thus, cells couLd shift froE a cohlrar-
tment to another one. Just after centrifugation,
the rubbe! tube was claDpeal and the cell shift vras
estinated by cell count in each ccropartsent.

Jr.t.lt.. c.ntallIg.tl.n

The nost striking effect of sPace flights in
ParaEecia lras an enhancerDent of the celf groi.th
rate. As it was leported in this $ork, this gravity
effect is confifioed by earth-based experihents :

the gEowth rate 1s leduced irhen paranecia are exPo-
sed to varlous levels of h]?e!9ravlty, ts)?ergravity
has a tlansj.ent effect, the cell prollfelation was
restaured sevelal hours after centllfugation, even
uhen cells were exposed to hl.pergravity fo! 30 days.
Ihe study of cells displacenents at vetY low gravi-
tatlonal levels 1s ln good agreeDent wlth the rrell
known negatlve qeotaxis of paranecia and deEonslta_
tes that they are adapted, not only to 1 g, but
also tso sl1ghtly higher grravitational- levels. On

the other hand, ou! resultss suggest that the redu-
ced cell gro!,rth rate can be only partly related to
cell sealiEentation : after 3 day exposule to Io$,
g leve1s, a large fraction of cells is not shifted
yet.

fhe Dechanlsr! of gravipelceptlon by ParaEecirrm
tetraurella is stlll unk[o\tn. In contlast to Loxodes
(5), a ciliated plotozoan like Parameciun tetraure-
1ia, the bechanoreceptors ale stj.l1 unknown. Accor-
ding to Kuroda (6) , the negative geotaxis could be
reLated to the location of tie gravtty center which
is posterior to the center of buoYancy in ParameciuE
caudatum.

On the other hand, it can be trrcinted out tiat
gravity influence depends on cell types. Thus,
exposure to 10 I results in an enhanced activation
of hunan l)rDphocytes (?) but lt is obvlous that

gravj,ty effects nust be different in suspended or
free swixming cells. In any cases, these lesults
dedonstrate that, besides the plant cel1s, gravity
can have an lnfluence at the cellula! Ievel.

This study was supported by the Centre National
d'Etudes Spatiales. The authors thank Miss Brigitte
Eche, Irlr. RenE Rousseil"le for their technicaf ass.j.s_
tance and Mrs Mlchelle Murat for hel sectetariat
assistance,
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ELECTROVESTIBULOGRAPHY IN EXPERIMENTAL
ANIMALS.

Renaud Charlet de SauvaSe, Cilles Dolivet, Jean-Paul Erre,
and JeaD-Marie Aran

INSERM Unit 229 - AudioloSie expdrimentale, Hopital
Pellegrin, 33076 Bordeaux. France

TNTRODUCTION
RecordinS a compound respoose from a nerve trunk

requires to trigger its fibres iostantaDeously, i.e. within about
I ms for sensory fibres. With a time constant of several
seconds, the vestibular system does not meet this
requirement, thus accelerations in the physioloSical range
callirot elicit a detectable gross respoNe from the vestibular
nerve. Electrical stimuli (ES) on the other hand, allow a
perfect synchronisation of many fibres and have been
successfully applied to the cochlear systeh by our Sroup (l).A cordbitration of electrical and acoustical slimulatioos
enabled to record compound responses of the cochlear nerve
to low frequency filtered clicks or to continuous sounds (2),
in spite of the lack of synchroDisd berween individual
fibres. This paper reports on the application of the same
priociple to the vestibular system.

METHODS
Norhal piSmented Suirea pi8s were chronically

implanted with electrodes on the left round windo* and near
the VIIIth nerve, with vertex and cerebellar references
respectively. ES consisting either of a 100 Hz square voltage
or negative current pulses with 300 us duration, were applied
between round window and vertex. Recordints were made
from the VIUth nerve electrodes. yestibular stimulations
consisting of pendular or constant angular accel€rations were
applied in the plane of the left semi-circular canal (3) with
the animal head down. The averaging window during which
the siSnal was samplod could be shifted relative to the onset
of the acceleration so as to explore various phases of the
movemeDt. The technique, summarized i. figure l, was
based oD a differential procedure.

ES olone

l0 mv l
ES + Acc€|.

The ES beilg permanently applied, two averaginSs
were perforrned, one duriog rest (top recording), a second
one io the presence of an angular acceleration (middle
curve). To cancel the possible effect of the noise generated
by rotation, a continuous sound was permanently applied
both at rest and duriog rotation. When subtracting the signals
averaged during rest and rotation from each other, the
artefact crnceled, leavin8 a physiological response with a 0.3
ms latency (bottom curve). The procedure could be repeated
several times to improve siSnal/noise ratio. The ES brought
the synchronization necessary to observe the response, the
vestibular stimulatioo sllowed to derive a vestibular spgcific
response without artefact. This respons€ represents the
chanSe in electrical excitability of the vestibular fibres due
to rolation, and will be refered to as Electrically evoked
Yestibular Action Potential (EYAP).

RESULTS
The influeoce of amplitude and direction of the

acceleration on tha EVAP was investigated. Most commonly
the polarity appeared ne8ative for most responses derived
with left accelerations and positive for right accelerations
(fi8. 2). In some Suinea piSs the opposite was true, but in
any case left aod ri8ht accelerations always elicited responses
with opposite polarities in the same animal. Th€ ioput/output
amplitude function of the EVAP appeared rouShly linear,
but left rotations tended to produce responses with biBter
amplitudes than right rotations with the same absotute
acceleration.

El.cl.icollv.rliblror .tiaulotioh. + Cohllnuou. m.!ki.g n6is. (lO dB SPL)

IOrv] l0,v]

C

b

Fi8. 2 : EVAPS derived as in fig. I as a function of
acceleration in the left and right directions (2x100 sweeps
repeated l0 and 5 times respectively).

Two experiments were petformed using selective
destructions of the cochlear and vestibular receptors. In a
first experiment a sidSle dose of amikacin at 500 mg/kg
body weight was injected IM in a preimplanted Suinea pig
with initially normal cochlear and vestibular functions,
followed by a sin8le intracardiac dose of 50 m8/kg
ethacrynic acid olre hour later. Such a treatment was known
to be mainly cochleotoxic and to produce a complete
destruction of the organ of Corti within a few hours. It was
indeed verified iD this animal that 4 hours after the last
injection no compound cochlear response could be recorded
any more! whereiu the EVAP was only slightly modified. In
a second experimedt a chronic treatmeot rir'as performed
usint streptomycin, a mainly vestibulotoxic antibiotic. Th.
aDimals received 2l itrjections 5 days per week at a dose of
200 fig/kA body weiSht. At the end of the erperimeDt the
cochlear potentials were still normal while EVAPS had
disappeared at various degrees. In one tuinea pi8, for which
the vestibular respoose was totally abolished, the histoloSy
confirmed the preseoce of severe lesions in the vestibular
or8ans, particularly in the ampular crests, while the cochleat
hair cells remained [ormal.

C

20uv)

0

Time (ms)
4 5

Fi8. I : a) Artefact + unspecific physioloSical responses
recorded near the Vlltth n€rve when applying a IOO Hz
square wave voltage on the left round window of the guinea
pig in the resting condition. b) Same as in 'a" but during
consBnt left acceleration. A noise is permanedtly applied in
a and b to eliminate any possible cochlear contribution.
c) Difference a-b (2x100 sweeps repeated 5 times) leaving
ooly the derived vestibular response (EyAp). Notice the
amplitude ratio between response and artefact.
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Post rotation EYAPS w€re studied io the following
condition : a 100 sweep averaSinS wa5 first performed with
the Suinea pig at reqt. Then the animal was subjected to a
progressive 99 de8.s-' rotation mainlained during l5 seconds,
to allow the vestibular fluids to stabilize. The rotarion was
stoppe-d with a decelerarion adjusrable from 99 de8.s-2 ro l5
deg.s_', then a second 100 sweep acquisitioD was performed
starting with a delay adiustable from 0.07 to 5 s afrer the
end of rotation, and thc second recordiDg was subtracted
from the first one. Figure 3 shows the influence of delay and
deceleration level on EYAP amplitude in one Suinea pi8.
Regression curves with an exponential qecay appeared to
yield the best fir wirh experimenlal dara (rr in the range O.E4
to 0.96). Decelerations with opposite directiols again yielded
post rotation EYAPS with opposire polarities. EVAPS derived
durinS an acc€leration in one direction always present€d a
polarily opposite to that of EVAPS derived after stoppinS a
movement in the same direction.

earlier, thus the latency tends to diminish. The change iD
polarity of the response wilh left and riSht rotations is a
good arSument about the vestibular specificity of the
rcsponse. Excit.tory stimulations (left acceleratiods in the
present case) are known to increase the spontatreous
discharSe rate of the fibres (5) presuEably reducing their
electrical excitability at the same time. The opposite is true
for riSht rotations. As expected, the response extracted in the
rest-left condition thus has a polarity opposite to that
recorded in the rest-right condition. The usually larSer
amplitude of the irest-left'response seems !o be related to
the fact thar lhe discharge rate of the fibres, about 39
spikes/s in 8uinea piSs (6), caD increase several times with
excitatory stimulations but calrtrot go below zero with
iDhibitory stimuli, thus bringing an iLssymetry in the response
to opposite movemenls. The quasi linear relation between
acceleration and response amplitude is to be related to the
linear input/output function of canal fibres (7). Post rotatioo
EVAPS are related to adaptive properties of the fibres
(averaSe time constant 3.5 s in the cat) (t), and to visco-
elastic properties of the cupular movemelt with time
coNtants between 20 and 30 s (9). The response presents an
exponential decay with time and the numerical values of the
observed time constants lie in the expected range, showing
Ihat the response has specific characters of vestibular
apparatus behaviour, which again favourc a vestibular origin
of lhe response. Selective veslibula. aDd cochlear destructioDs
confirrn the ability of th€ method to derive vestibular
specific components.

In conclusion, the technique presented here seems to
allow a specific ilvestigation of the peripheral vestibular
function, and as such could contribute to new developme[ts
in the field of vestibular research.
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The influence of ES intensity oo the EVAP was also
investigated. The dependance of EVAP aoplitude on
stimulus intensity appeared almost linear, with a saturalion
level above which the amplitude of the respoDse tended to
decrease. The latency of the response decreased
monotonically with ES intensity.

DISCUSSION
Lore[te de Nd (4) demonstrated that the pattern of

the response recorded near a nerve truok could change
drastically accordin8 to the position of the electrode. ln the
Dreseot experiment the active recording electrode is inserted
stereolaxically near the vestibular nerve, with uncertainlies
about its localization due to anatohicalvariations. This can
erplain rvhy EYAPS with variable polarities have been
observed in some animals. On another hard, the variation of
EVAP lateocy with ES current is probably due to the settling
time of the stimulus. As the ES intensity is raised, the
triggering threshold of the fibres is reached earlier and
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Fi8. 3: Post rotation EVAP amplitude as a fuDction of time
afier the end of a stable 99 deg. s-2 rotation for various
decelerations. Post rotation EYAPS were obtained by
subtracting froct each other the recordin8s performed before
and after rotation (2x100 sweeps repeated l0 times). Best fit
eiponenlial reSression curves for each series of data points
are denoted by solid lines.
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Otollth yersls Vertlcrl S€Elchcular Csnrl loput iE the
Itrhlbltlor of Horlzotrtal Postrot tory Nystagnus

E. Koenig, W. Dengler, M. Fetter, A. Hann, J. Dichgans

Dept, of Neurology, Univ. of Tuebingen, Fed. Rep- of
Geamany

TihinS the head away from its prior axis of rotation,
reduces the dominatrt time constant of horizontal postrotatory
nyslaSmus (PRN) (BerNon and Bodin, 1966; Schrade! et al.
l9E5,a,b) from about 15 sec to about 7 sec. (the time constant
of the peripheral vestibular system; Btttner and Waespe, I98l).
Thus it was suggested that the central vestibula. velocity
storage is discharSed by the chaoge in head position (Raphan
et al. 19?9,1981; Cohen et al. l98l). As rhis active chanSe of
head position simultaneously stimulates vertical semicircular
canals (transiently), otoliths (traNie[tly and co[tinously) and
neck afferents \re tried to assess the relative contributions of
static (mainly otoliths) aod dynamic inputs (Dainly
semicircular canals) to this inhibition.

Merhods:

To Sererate PRN l0 volunteers with normal vestibular
futrction were abruptly stopped from a constant-velocity
rotation of 90'/sec about the vertical head axis. Eye
movements were recorded by Dc-electrooculography durin8
PRN I and PRN II (secoodary phase of PRN inro the opposite
direction). Head tilts (forward pitch of 90' amplitude ioto the
prooe position) were actively performed by th€ subjects on
verbal commands.

Exp.0: As a control the head remaioed in the erect position
du.itrg PRN.

Exp. l: For a maximum contradictory static otolith input the
head v/as tilted forwards in the 4th seco.td after the stop (after
allowinS PRN to develop) and remained in this positioD until
PRN II ceased.

Exp. 2: To study inhibition after the presumed end of
peripheral vestibular input the head was tilted forwards in the
22nd second (i.e. after 3 tilnes thc assumed peripheral time
coDstaDt of 7 sec) and remain€d in this position until the etrd
of PRN IL

Exp. 3: To study the effect of intermittent static inhibitiotr the
head was tilted
(Exp 3a) for 3 sec (from the 4th to the 7th sec) or
(Exp 3b) for 6 sec (from the 4th to the loth sec) or
(Exp 3c) for l8 sec (from the 4th to the 22nd sec, i.e. for the

remainin8 duration of input from the labyrinth) a.ld th€reafter
the head \vas aSain upright.

Exp.4: For maximum stimulation of the vertical semicircular
canal with little otolith stimulatioo, subjects performed a

forward pitch and immediately rehrrned to the upright
position. The transient pitchint movemetrts were performed
(Exp 4a) once in the 4th sec.,
(Exp 4b) once in the 22nd sec. or
(Exp 4c) five times from the 4th to the loth sec.

Results:

Original Eoc-recordin8s of one subject (Fi8.l)
demonstrat€ the inhibition of PRN I by tilts in the 4rh sec of
different duration compared to the control experiment without
tilt (Exp. 0).

\ll,ly*'.,-".^^--- - -- "1^{t

ll

rl
--l$'

II

50

t0

t0
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ErD 0 I 2 3. ll lc a. at &
FiE. 2 AveraSe duration ( and one standard deviatio[ of the IO
subjects) of PRN .I for the different experimeots (see
methods).

For evaluation of PRN I duration (Fig. 2), time constants
(table l), and cumulative amplitude (similar resul!s as for
duration), were measured as well as the maiimurll slow phase
velocity ar distinct time intervals after the stop (Fig.3).

Table 2 shows the significance of differences based on
alt analysis of variaoce.

PRN t was most strongly inhibited by a maintained
forward head tilt starting shortly after the stop (Exp. l).
Tilting the head afrer the input from the labyrinth had
presumably ceased (Erp.2) did nor result in a sudien loss of
PRN; althouth PRN declined faster after the tilt it lasted on
the average for another ? sec. Intermittent head tilts of
increalin8 duration (3, 6 and l8 sec; Exp. 3 a, b and c) led to
increasing amounts of iohibition. One brief pitching
hovement, whether executed in the 4th (Exp. 4a) or 22nd sec
(Exp. 4b), hardly reduced pRN I at alt. Five pirching
movetnents within 6 sec (Exp.4c) reduced pRN tess than
rnaintain€d forward head tilt of the same duration (Exp,3b),
although dynamic srimulation (mainly of the vertical
semicircular canals) by the repetitive rnovements far exceeded
that elicited by a sinSle head movement.
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Table I
from 4th s 7th s loth s

14,I
t3,7

t3,2
r2,8
7,2

!2,2

t3,2
12,9
1,1

I1,4

13,0
!2,4
7,0

!2,6
10,4
+)1
I1,3
t3,9

13,6
r3,6

l l,6

Table I Avera8es of time constants of the declitre of PRN I.
For comparison time constants were also calculatcd startin8 al

differcnt tim€ iote.vals after the stop (from thc 4th' 7th, loth
and 22nd sec on. if possible). Bccause of a shortage of data
(especially after tilts in the 22nd sec the remaininS PRN was

brief) time constants could frequently not be determined.

l!0

,0

l2Ltl!.&al&

Fig.4 Average duratioD (and standard deviation ) of pRN II

Coflclusions:

E,D 0 o t4 0 ! l. o I $$k o | ,i3.6

Fi8. 3 Avera8es (and oDe standard deviation) of the slow phsse
velocity of PRN I measured at different timo intervals after
the stop (shordy after the stop for the contlol exp. (0), add
after the 4th, the 7th, loth and the 22nd second - for reasons
of comparison the level of slow phase velocity in Exp. 0 add I
arc also shown at all time inlervals after the stop).

Tablc 2

Exp-

The experiments show an inhibition of PRN which is
maioly depeodent on the time the head remaios in the tilted
positioD. This iodicates that a continuous cootradictory ioput
from the otoliths is required for maximum iahibition. The
lime dependency demonstrates rhat this itrhibition is not aD
all-or-none response like the loss of the subjective turnin8
seNatioD after identical head tilting manoeuvres (Schrader et
al. I985a,b). The sliSht increase of the time coostant after the
end of the tilt from about 7 to about lt sec (Exp.3a,b)
suSgests a partial recharSe of vestibular velocity storaSe in the
presence of a residual cupula deflectioD. The lack of a sudden
cessatio! of PRN by tilts at the 22[d sec (after the assumed
end of periph€ral input) is in acco.dance with the findings of
Lafortune et al. (1987) u/ho found an incomplete discharge of
optokioetic afternystagmus (without prior vestibular stimuli)
by tilts of 5 sec duration. The minute effect of 8 brief head
pitch (Exp. 4a) and the smaller effect of 5 tilts io 6 sec
(Erp.3c) compared to a continuous head tilt of the same
duration (Erp.3b) coafirm the inefficacy of dyDamic
compoDeDts ol the movemoots (predomidantly dynamic head
tilts of course always contain some 8ravitatiooal input). The
failure of head tilts in 0 G to inhibit pRN aSain stresses the
importance of static otolith input (Dizio atrd Lackner, l9E8).
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Benson AJ, Bodin MA (1966) Comparisoo of the effect of the
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responses in yaw, pitch and roll. Aerospace Med 32: Eg9_g97
Buttner U, Waespe W (l9El) Vestibular nerve rctivity in the

alert motrkey durin8 vestibular and optokiDetic nystatmus. Exp
BraiD Res 4l:310-315
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storaSe, lysutBmus, aad visual vestibular iuteractioos in
humans. Ann NY Acad Sci 3't4t 42t-433
Dizio P, Lackner JR (1988) The effects of Sr.vitoinertial

force level and head movements on post-rotatio;al nystagmus
and illusory after-rotation. Exp Brain Res 70: 4g5-495
Lafortune SH, Ireland DJ, Jelt RM 0988) Effect of active

head movements about the pitch, roll and yaw axes on human
optokineric aflernystaSmus. Can J physiol pharmacol 66: 6t9_
696
Rapiatr T, Matsuo V, Cohen B (t9?9) yelocity stora8e io the

vestibulo-ocular reftex arc (VOR). Exp Brain Res 35: i2g_24g
Raphan T, Cohen B, Henn V (198t) Effects of gravity on

rolatory nystaSmus in monkeys. Ann N y Acad Sci 374:44-55
Schrader V, KoeniS E, DichSans J (t9E5a) Th€ eftcct of

lateral head tilt on horizontal postrotatory nystaSmus I and II
and the Purkinje effect. Acla Oto-LarynBot I00: 9E_lO5

Schrader V. KoeniB E, DichSans J (1985b) Direcrion aDd
an8le of aclive head tilts inftuencing the purkinje effect and
the inhibition of postrotatory nystagmus I aDd lI. Acta Oto_
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0 I 3r lb 3c 4. 4b

Err.
I 4rh 3

2 22,

lb 4-10 3

k 4-22.

4b 22s
4c 4-10 !

Table 2 Significant differences (p = 0,05) of PRN I a.e
iodicated as a result of an analysis of variance for the
followinS paraoeters: duratioo (d), cumulative amplitude (a),
marimum slow phate velocity (v) and time constant (t).

PRN II was evaluated by considering duration (Fi8.4)
and cumulative amplitud€ (similar results as for dutation).
Experiments can be divided iDto 2 cateBories: those with lhe
head upriSht durinS PRN ll (Exp.0,3a,b,c and 4a,b,c) and
those with the head in the prone position throu8hout PRN II
(Exp. I and 2) which in Seneral show a significantly weaker
PRN II than experiments with th€ head upriSht.

s-t20

Exp.
0 contr.

I 4th s

3a 4-7 s

3b 4- l0 s

4a 4th s

4c 4- 10 s



abou! the level of the eortic valve for lhe
erlerial systeE (10), rith conperable levels eithiE
the wenous vasculature and cerebrospinal fluid,

CARDIOVASCUI,AR RESPONSES TO SUSTAII,IED ACCELERATION

BiodynaEics Division
Royal Air Porce Institute of Aviation uedicine,

FarnborouSh, HaDts.

As Iont as Iarge animals vith blood
circulations remained confined to the oceans,
ver!icel gradi.enEs of pressure caused by the l,eight
of the blood i.ere precisely baLanced by coBrparable
hydrostatic gradients in lhe surrounding sea sater.
TransBural pressures !hus red|ained consEan!, and
independent of depth of ienersion, and of body
orientation. SubsequenE evolution ooto dry land
introduced a significant problen in that this
balancj.ng pressure Sredient i,ss lost, and any orgen
placed high in Ehe body (such as the brain) then
received ils arterial blood supply at a preasure
reduced from that at hearl IeveI by e factor of
hpg, wiete h is the heighE above the heert, p the
density of blood and g the gravitaEional constant,
For man, en everege hear! to brain distsnce of 30
cm Sives e pressure drop of some 22 tllrfig shen
upright, ehile puttj.ng its heed dolln to drink afEer
browsint froB a talI !ree must be a source of a
considereble headache for a Giraffe!

In e receDt study on snakes, Lillyrhite (l,I)
shoeed signj.ficent alifferences in the enatoBy end
physiology of tree snakes compared Eo releEed see
deellinS species. The bodies of tree snakes sere
thinner end more tightly skinned, irhile lheir
hearts sere closer lo their heads. Plethysmography
demonstrated less pooling of blood in their tails
sh€n tilted head up, end irljections of radio-
isotopicelly 1abel1ed microspheres shoired en
increase in resislance to blood flo!, ceudally, irith
msintenance of pressure and flo!, at head level, a
loticrl response to the 8revitatioDal sEress.
These observaEions underline many of the problems
and responses of men to hypergreviEy, and 3u88est
eE leas! lso possible counterneasures - sater
imersion end a tighEly firtina anti-G s'rit. This
paper uill consider the systemic and Pulmcnary
circulaEory responses to hypergrevity end the
physioloSy behind sooe of [he melhods shich can be
used to increese human tolerance to +Cz
ecceleration (a heedserds ecceleration lrith the
inertirl force vector acting torards lhe feet).

Syrteaic Circulatory Re!poD3a. From the factor ,rp8
referred to earlier, it is cleer Ehe! hydrostatic
pressure gradients t,ill increase in proportion !o c
(the ratio of the applied scceleration Eo lhe
SravitetioneI constent), so thlt pressures rrill
tend to flll a! levels sbove lhe heart end to rise
in loeer perEs of the body, depending upon the siSn
end magnirude of r, (Fit. I). There is, therefore,
a point of 'hydrostatic indifference' et ghich
leveL pressure is independent of C. This Iies et

!s,nd,lg.lmHe,

FiB. 1.
Pressure
Pressures

Effect of +Gz induced hydrostatic
gradients on meen ar!erie1 blood
dorrn the body of a seeted subject.

From figure I it i9 clear thal arterial
pressure a! brain level uill fall to levels
critical for cerebral perfusion at +5Gz or so lrhiIe
sLl intravascular pressures !,ill be extreneLy high
in the more dependent tissues. ghile the pressure
drop !,ill occur instentaneously eith increesing C,
!he rises l,iII be soBeuhat deleyed as Ehe
distensibility of the vasculature L,iI1 lead to an
increese in iEs capacity and to an inflow of blood
before equilibrium values are obtained. Thi3
passive dilatation will reduce the resistance to
flos offered by the vasculature (particularly the
arterioles); cause a transienE decrease in venous
return as the capacity vessels filL; and produce an
effective reduc!ion in circulatinS blooal volume
cooparable in its effec! Eo tha! seen tJiEh
haeDorrhage: cardiac outpuE rtilI be collpromised by
the Iatter tt o fectors and arterial pressure et
heart level by alL three.

FortuilousIy, evolutionary changes demended by
Ehe move elray from lhe buoyancy of the oceens, as
rell as those needed Eo maintain cerebral perfusion
in lhe even! of accidental haenorrhage, have 1ed to
the developmedt of conpenseEory mechanisms which
respond quite €ffectively Eo the novel stress of
hfperSravity. Ttus, Ehe fell in arEerial pressure
eE head level is sensed by the baroreceptors of the
cerotid siDus rrhich dectease their rele of firing
and produce e reflex inhibition of vagal tone and
sEiDuletion of the sympathetic nervous systeo.
These mechenisDs Ierd to an increese in the rate
and sireDglh of contrection of Ehe heer!, end to an
incree6e in peripheraL resistance, but are
rele!iveIy s1o!, to become fully effective so thet,
for . rapid onset rate of +Gz acceleration, !
trouSh in pressure iB 3een !fter 7-8s uith a
subsequent recovery of pregsure toi,ard3 Dore normal
levels (Fig. 2).

Other baroreceptors sited in the itall of the
aortic lrch I,,ill act to reinforce the ini!ial
respons€, but irill subsequentLy sct in oPPosition
to lhe c.rotid baroreceptors es hearE level blood
pressure rises in en attenPt Eo sustain cerebrel
blood floe. This situetion is unique to the high C

environDent, !,hen eE +9G2, for examPle, !he
pressures gensed at lhe tr,o lnajor barorecePtor
sites could differ by up to 100 runHg.
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Fig. 2. Dffect of +G

ar!erie1 blood pressure
level of the eye.

o

accelerat io11 on
referenced to lhe

/./i

while effective in raising blood pressure, e
generalised vasoconstric!ion vould acr counter to
the local requirenenEs of some specific !issues'
for example Ehe active nyocardium. Using
radioac!ive rubidiurn, a Sross redistribution of lhe
cardiac oulpu! uas deBonstrated in dogs €rposed to
+Cz acceleralion (3). FiSure 3 shovs thet blood
fl.of,, to Ehe gut at +4.2G2 felL !o about one third
of it6 conErol va1ue, rrhile lhat !o the myocardiun
lras haifltained eE, or even ebowe the control Level,
with up to one third of the cardiac output
supplying the heart rnuscle in some individuals.
LocaI flolJ control mechanisms lrere !hus effective
in ensuring an optinal distribu!ion of the grossly
reduced cardiac outpu! (dor,'l by 54/ ar +4.2c),

ao 250

200

r50

oo
-t

adrenaline end noradrenaline, are increased, due
boEh to direct simulation of lhe adrenaL medulle
and !o leekage froo sympathe!ic s).napses, ehile
hypotension and hypovolaemia efford a possible
trigger for the observed increase in erginine
wasopressin arld corEisol (12). Ihough Probably
inoperat ive in the acute response to +Gz
accelerati,on, lhese a8ents may increase toleralrce
to more prolonged runs, or to repealed exposures.

?he Puloo[ery Circulrlion. lJesE arld his
colleagues (l) first shoued ho!. blood fIo!,
distribution eithi!! the Lot, pressure pulmonary
circulation is influenced by Sravity, and defined
!hree zones according Eo differing rela!ionships
betlr€en arteriaL, elveolar and venous pressures ,

comparable radioisoEope techniques !,ere epplied in
cenirifuge studies and shosed lhat the elveoler
deadspece (zone l in i,rhich arterial pressure is
Iess than elveolar pressure lri!h zero blood florr)
is Bres!ly increased by +Gz acceleration. BeIoir
Ehis leveI, due to the hydrosta!ic pressure
gradient, flo!, increases at a rete propor!ioDaI !o
Ehe G tevel: ir Zone 2 (the vaterfall zone uhere
venous pressure remains less than alveolar
pressure) because of the increasinS ar!eria1-
alveol.ar pressure difference; in zone 3 (lri!h alt
intrevascular pressures exceeding alveoler
pressure) because of passive disEensj.on and
capillary recruitment (4). A fourth zone in the
losermost lun8 in shich flo!, decreases despiEe a
further increase in in!revescular pressure is
related !o the closure of lerminal airrrays, anal is
imporEant in Ehat any persisting perfusion is to
nol_ventilaEed alveoli, end so cons!iEutes a righ!-
to-1eft shunt irith venous edmixture end erterial
desaturetion. This eill exacerbate an elreedy
enbarrassed cerebral oxygen supply. It should be
noted that, !,i.th lhe possible exception ol Zone 4,
Ehere is no evidelce for an active response of the
pulmonary circulation to +Gz stress, the chan8es
described above being simply depe[den! upon the
increased !rei8h! of Ehe blood.

The cerebral circulation. In h).poEension induced
by haemorrhage, consciousness becomes disturbed
r.rhen the mean arterial pressure at head Level fells
to around 50 mmHg. Durint exposure the +G.
accelereEion, horrever, consciousness is uelf
mainEeined even during bleckout when this pressure
may fall to 20 mnEg, or less. The reason for this
discrepency eppeers to Iie in the behaviour of the
venous drainage from the braio, shich acts to some
exlent Like e siphon. Henry and co-norkers (8)
showed that, despite collepse of the superficial
veins in the neck, the pressure in the juSular vein
al its exiE from lhe skull fell significantly belou
almospheric pressure eE +4.5C2. An ert€rio-venou3
Pressure differentiel eas thus msin!ained, end
cerebrel blood floll facilitated. this venons
siphon is not l00Z effective, holrever, rnd
unconsciousness resulEs when the erEerial pressure
at head level falls lo around zero mll8.

The brain contains sufficient oxygen reserveg
lo function for several seconds in the ebsence of
blood floe, Using a cervicel cuff Eo occlude blood
flo!, to !he brain, Rossen et a1 (14) shosed the!
Ehe eyes became fixated af!er 5-5 .5s and coI Iapse
follotred a second Iater. The unconsciousness
produced by rapid-onset 6 exposure [ley occur
marginally fsster, in 4-5s, but eny difference is
explained by Ehe fact rhaE erEerial occlusi.on treps
blood in the brain and provides an extra store of
oxyge[ in the form of oxyhaemoglobin uhi1e, uith
exPosure to +Gz accelera!iorl, e considerable volune
of blood drains rapidly frolt| the cerebral tissueB(r).

I
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t.o 2'5 16, t 2 t.o 2.b +G, 4t

Fig.3. Blood flo!, to the gur (Ieft panel) and
heart (right panel) of dogs exposed !o +2.6
end 4.2C.. (from Ref l).

As blood plessures recover, further poolinS
occurs and, due to the extrenely high cspillary
pressures, fluid is extravasaEed into the tissues
with a furrher s1olr, buE progressive, loss of
circula!ing blood volune. Finally, the conpen-
satory mechanisns breekdol,n lriih a draoatic slorring
of the heart, genera),ised vasodilation and veso-
vagal syncope. The trigger for this failure in
comPensati.on in unknorm, buE is probably sioiler to
thaE 6een during exposure !o IoBer body neSalive
pressure (e co[lpareble cardiovasculrr stress), for
rrhich cerebrel oxygen insufficiency has been
pos tulared (7).

UorooDll reaponaes !o G stress leed to the
release of several vaso-active agenEs rhich rriII
tend to increase blood pressure and so raiSe C

tolerance. Blood levels of the cetecholamines,
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FiSure 4, obtsined using [lultiuevelenSlh neai-
infrered spectrophotoscopy, illus!rales chantes in
c€rebral blood conlent and oxygenatiod induced by
exposure of a relaxed and unprotecEed subjecE !o
+4G2. The bo!too trece sholrs rhat blood repidly
dreins froo the brain, reaching a Dinimum at about
8s, then retutns to aD intermediele Level ilhile
peak G is maintained, recovering promptLy to normaL
on stoppint the cenlrifuge. The middle lso traces
(of which the bo!lom lrece is lheir sun) sboH,
respectively, changes in the quantities of reduced
and oxygenated haenoglobin. The r€Iatively Sreater
fall ir llbo2 indicates desa!ureEion, whiLe
follosinS return to normal Sravity the Hb02 lrace
redreins beloi, control levels end the Hb trace shows
an overshoo!. Thus, desaturation Persists,
actuelly fot several oinu!es. These changes
reflect an increased extraction of oxyteD froo the
reduced ceaebral blood suppLy caused by decreased
flov, cortrpounded by a generalised arterial oxygen
dessluration due to shunti.flg in zone 4 of the lung,
llhich persists until the collapsed sreas re-open.

Increasing Ehe G IeveI to +5C- Ied ro a more
rapid drain off of cerebral blood;'olune (Fig. 5),
sith loss of consciousness arld 6n overshoo! in
cerebral blood volume upon reEurn to lC, indicative
of a reactive h).pereemia folloeing a period of
inadequate cerebral blood f1oe.

RriBed Iotrathorlcic Pr€a3ure BreethinS oxygen
through an oro-nasal oesk et a pressure of up to 70
r rHg (9.3 kPa) is a stendard emerSency procedure
for protecting against hypoxie a! eltitude
following loss of cebir pressurisaEion. It brings
with it, holrever, problem3 of hyperinflarion of the
lung and syncope due to ihpaired venous return,
unless appropriate counterpressure is applied to
the trunk end 1olrer linbs (2), The rai.sed
inErathorecic pressure i.s transferred directly to
the heart end central vessels so that arterial
pressure rise9, and this has been denonstreted !o
be an effec!i.ve ltreafls for increasinS +cz tolerance
(15),

ao a0 120
Po.hiv. Ar.alhing P..3r!r6 (mmHg)

Fig. 6. Effect of pressure breaihing at up to
f20 rDmHS (16 kPe) or mesn arEerial pressures
for differing coverages of externally applied
coun!erpressure (redrawn from ref. 2).

Fi.gure 6 sholrs that the incresse in arleriaI
pressure depends upon lhe extenE of th€ counter-
pressure cIolhing. t{iEh Ehe fullest coverage -
trunk and IotJer Limbs - the Eransmission of
pressure fron airsays to arteries exceeds 1002.
Assuning that a similar relationship applies during
+Gz acceLeraIion, Ehen posiEive pressure breathing
at 60-65 nntlS should give some 3C increase in
toleralrce. Pressure breathing during G (or PBG) is
the subject for anolher paper at this meetirlg (13).
1t is of irlterest to consider the role of !he trro
baroreceptor sites under Ehese conditions, as
neirher !'i11 ectually respond to counE€ract the
evoked hypertension. The berorecePtors are streEch
receplors, sensitive lo transmural t€nsion, and for
the aortic region, boih intraluminel Pressure and

E
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the surrounding vi!cerll pte33ure eiII hrve risen
by approriEelely the Bene extent. Futtheroore, the
pressure sensed a! the cerolid sinus eill have been
reduced by lhe hydroste!ic pressure SradienE scling
over a verti.cel disElnce of 6oBe 15 cm, 3ufficient
et hiSh G to neSete lhe PBG induced rise. I! sould
be expect€d, therefore, lhet the beaefi! of PBG

will be EAint!ined indefini!eIy, Providint Ehar the
coun!erpressurea rPPlied is edequate to Preclude
peripherel poolint or ftuid loss by extr!v.s.!ioo.
It hiShl e13o be Predicted th!! the evoked rige in
susEeined arterial pressure irouLd be Srealer under
conditions of high +G- thrn under nornal Srevity
beceuse Ehe crrotid ;inus reflex is inhibiEed,
thouSh this doeB not lppear to be the clse (t3) end
other factors, such es increesed diSPI!ceoent of
blood lo the periphery, Bust be involv€d.

Effsct of head rDd D6ck prarrul€ cbaoget. The
wisuel endpoint foi +Cz Eolerance cln be nodified
in eilher directi.on by altering extra-oculer
pressure (9), r ai.mpl€ mechanical' effect l[ediated
through a chente in lhe effective intra-ocul.r
t€n6ion. Thus, applying suction to the eye
decreases the reBisEence !o retinal blood flou
offered by intrs-ocular tet!3ion, and !olerence
increases by the expected lC pet 22 [IrHg sucti.on
epplied. Cerebr!l blood floe ig of course
u$sffected by this purely local phenonenon. fhe
application of suction to the neck, hoe€ver' causes
r decrease in tolelance deterdined eilher visue1ly,
or by the edequacy of cerebral perfu3ion, because
the transrDurel tension sensed at the caroEid sinus
is effectively increesed, and th€ berorecePtor
response !o the +G2 3lress thereby reduced, or even
elimi[eted. Recetr! erperihents heve confimed the
erpecEed relationships betveen pressure change atld
G tolerance, once llloirance has been n|lde for the
incoBpleLe traosEission of suction through lhe
tissues of rhe neck (6). ftis effect Bey be used
to study th€ responsiveness of the carotid baro_
receplors (in isolation) during +Gz stress.

Application of suction !o the head and neck
toSether (but brea!hin8 at etmospheric pressure)
produces an incree!e in +Gz tolerance r'hich ig
Sreater than the expecEed algebrsic slrrtr of lhe tuo
sePerete effects considered ebove. fhe reason for
lhis discrepancy is unknovn, though it appears to
offer a further Eeens bl. ehich G tolerance oay be
enhanced ir future protection systens.
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Introducti on

Envi ronmental physiologists focus their
attention as dlctated by the results of their
research. Consequently, they may be investigating
the effects of an envi ronment on the
cardiovascular system at one time, eventual ly
becoming involved rith perhaps the physiology of
the muscular system. So it is uith acceleration
physiologists l'hose interests are in protectlng
pilots of high performance aircraft (HPA),
Several years ago as HPA capable of developing 9G

sustained became operatlona'l , it was essential to
understand the physiologic basis of G-leve1
tolerances, Such infomation was necessary to
develop G-protection methods that alloxed pilots
to tolerate such high-G levels.

G-Level To'lerances

Sl nce G-l evel to'l erance i s prinari ly a
function of the cardiovascular systen, it
obviously becam the major focus of the human
research at that tlme (5). That research clearly
demonstrated that the anti-G straining maneuver
( AGS!.'I) was necessary to increase the arterial
blood pressure (Pa) to levels required to counter
the high hydrostatic pressures of the
lntravascu'lar system from the acceleration forces.

This cardiovascular relationship to human

high-G tolerances has been characterized uith the
fol I orring equati on:

Gg1= ((Pa + PI) / hd) + K . . . . . . . . . . . . . . . . . . . . . ( 1 )

Ihen: GLT = G-Level to'lerance level (+Gz)

Pa = Arterial b'lood pressure (llmtlg)

Pr = Intrathoracic pressure resulting^ f rom the AGSl,l (mHg)

h = Eye-heart vertical distance (m)

d = Speciflc denslty of blood related
to the density of H9 (1/13.6)

K = Antl-G suit constant of I

Thi s model , va'l i dated wi th exi sti ng
acceleration data, is useful in predicting
instantaneous G-level tolerances of subjects using
anti-G suits and perfoming the AGSM (2). But
since the AGSII requires naximal muscular tensing
actiyity, fatigue rapidly linits the duratlon
aspect of this tolerance; i,e., this nodel is not
useful in defining 0-duratlon tolerance. Horever,
the devel opment of a temporal model that predlcts
duration of tolerance with the accuracy that eq. 1

predicts G-level tolerance is not possible at this
time because ye do not know al'l of the
physiologica'l paramters nor their kinetics of the
Acsli. These data must be made avai'lable if Ye

Figure 1. SACM tolerance time in sec is
determined by this +Gz profile.

The PBG is an interesting protective system
that has been i ncorporated into the G-level mdel
(eq 1) but has not been found to lncrease the
maximum I eve] of G to'lerance. Its direct and
imediate effect on Pa behaves in the mdel like
the AGSM, but since the model assums that only
100 mHg of Pr is physiologically reasonable, PBG

can only be 'substituted for the AGSI,I pressure.
PBG is substituted for part of the AGSt'l because
SACt'l (G-duration) tests demonstrate that PBG is
much less fatiguing than the AGSII--yet has no
additiona'l advantage on G-level tolerance. The
same is true for physical (musc'le strength
development) conditionlng. Since Pr is 'linited,
stronger people can do this maneuv-er rith less
effort; and, ylith greater anaerobic capacities
that occur yith certain nuscle strengthening
exercises, they can do it longer.

vish to ldentify a specific research direction
that ni l l devel op methods/systems useful l n
increasing G-duration tolerance; i.e,,
slgn'lficantly reducing fatigue. Consequently,
acceleration physio'logists who rrere at one time
investlgating the cardlovascular systen as the
prlmary contributor to G protection methods noyr
find it necessary to change their focus of
attention to the physiologic and rEtabolic aspects
of the physical components of the AGSt'|,
principal ly the muscular system.

G-Durati on Consi derations
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PHYSIOLOGIC EASES FOR INCREASED
G.LEVEL AND G-OURATION TOLERANCES

The concept that G-duration is an important
parameter of hunan +G, tolerance is relatively
nerr. It xas not until -about ten years ago that a
method ras devised to measure G-duration
tolerance. This method, called the simulated
aerial combat maneuver (SACl,l), although relying on
the subjective endpoint of fatigue, remains the
principal test for measuring this tolerance.
SubJects are exposed to a continuous G profile of
15 sec of 4 G, then 15 sec of 7 G, back to 4 G,
then back to 7 G, etc., until the sublect becomes
fatigued (Figure 1;4), Although this SACil has a
subjective endpoint, pl asma levels of lactic acid
3 min post-G offer sone obJective va'lidation of
the subJect's fatigue endpoint (6). The SACI'I as a
measure of G-duration tolerance has been useful in
demonstrating the effectiveness of several anti-G
nnthods: {a) physlca'l condltioning, (b) positive
pressure breathing during G (PBG), and (c)
advanced technology anti-G suit (ATAGS).

IIME SEC
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The G-level effect of the ATAGS as for other
uniform pressure anti-G suits cannot be predicted
with eq (1) because this equatlon does not include
the physio'logic basis of the anti-G suit; i.e.,
its function is only represented in this equation
by a constant of 1 G. To incorporate antl-G suit
effect on G-'l evel tol erance, i ts effect on
re l evan t physiologic paraneters must be
consi dered.

The anti-G sult has two physiologic
functlons: (a) ralses the heart level by 30 ml
(9), thereby reducing h of eq 1 by that anount,
and (b) supports the vascular components belor the
heart that provide for "adequate" venous return
(VR). lhe former lncreases G-level tolerance by
about lG--the basis for the 1G constant (K) for
the anti-G suit effect in eq 1. Equation (2) has
been modified for thls effect on h by subtracting
30 rm fron h. Holrever, if the conplete function
of the anti-G suit is to be accounted for in this
equation, VR nust become incorporated,
particularly as neH anti-G suit designs improve
'leg coverage that should augnent YR. An increase
in VR results in an increase in cardiac output
(C0) that causes an increase ln Pa. An lncrease
in Pa at lG stimulates the pressure receptors and
vasodilation occurs that nox reduces the Pa.
During G exposure, Pa is rapidly reduced, so now
an increase in VR will only maintain the Pa and
not increase Pa to a Ievel that stinulates the
baroceptors. Therefore, to accomodate for an
increased VR, a Pa Iinit must be 'incorporated into
this mdel . This limit cannot exceed 100 Pa;
i,e., Pa should not increase to a leve] that
produces a baroceptor response. Since Pa is a
function of G (i.e., -25 rmHg/G) then YR should
only be increased to a level that increases Pa by
25 mHg/G if this anti-G suit is to be effective.
The level of VR at various G levels that would do
this is presently unknown. Nonetheless,
'involving VR in eq l and'limiting Pa provides for
this anti-G suit effect. Advanced anti-G suits
that provide for more uniform lolier body coverage
do increase resting G-'level tolerances (7,8):

GLT=[ (Pa+P 
r )+PyR {if Pa<100 IImHg)J/(h-30)d....(2)

Uhen: GLT, Pa, PI, h, d sane as eq, (1)

Pvp = increase in Pa that results from an" increase in venous return f'low (nllmln)

Although tine is not direct'ly inc'luded in this
equation, clear'ly anti-G suit inflation that
increases VR too rapidly l{ill be ineffective.
Horever, tim is indirectly included when G onset
rates are considered; i.e., G onset of I G/sec
means that an anti-G suit should not increase VR
more rapidly than the amount of venous return
flow to the heart that lrill increase Pa by 25
mnHg.

G-Durati on To'l erances

Can = Anaeroblc capacity

Sm = muscul ar strength

m = blood f'low through muscles used
i n AGSt'l

v

Anaerobic capacity and muscular strength are
physiologic parameters with metabo]ic bases having
an indirect relationship to the cardiovascular
systefl that re'lates to G-level tolerance--the
basi s for Pr (AGSH) that supportt Pa above 5 G.
These parameters provide for and fuel the AGSi4 and
are the basis for the development of fatigue
('l imi ti n9 cDT).

Fatigue develops as a function of the
decrease in C^- and a reduction in -H that is a
function of vro"(greater blood f'lov irf the rnuscles
reduces the lbcal muscle buildup of lactic acid
maintaining a constant pH). A reduction in
muscular strength (S-) occurs directly with the
development of muscld'fatigue. The rate of loss
of Sm is inversely related to its initial
stren0th; i.e., stronger nuscles require more time
to fatigue (3).

As fatigue develops and Sm is reduced, the
ability to perform the AGSM decreases which loners
PT and therefore Gt T. Considering the fatigue
rAte of isonetric dontractions at about lt per
s€c, Grr iS probably reduced at a similar rate so
that alter 25 sec Grr yould be lolrered by I G.
8'lood f'low (V.) thr'dugh muscles that rinoves
lactic acid locblly supports vR that (as shom in
eq. 2) has a d'irect effect on Pa. As noted
earlier, V- removes lactic acid from the muscle
which slowi'the onset of fatigue. Therefore, eqs.
2 and 3 can be combined as follows:

G11 = [(Pa * [r) + 
lvn 

(if Pa <100 mHs)]/(h-30)d

ll
GDT = Can*str*Vm.........,,..............(4)

lJhen: See eqs. (2) and (3) for symbol
expl anati ons

It appears , therefore, that VR becomes an
extremely inportant cardiovascular paraneter since
it has two functions--its increase, because of
greater blood f'low in the muscles, del ays the
onset of fatigue and directly increases Pa via an
increased cardiac output. Unfortunately, this
parameter has not received the research attention
that it has deserved in considering G-protection
mechanisms. The first comprehensive basic
cardiovascular physio'logic study on VR during high
G exposure xas reported in 1986 by Burns et al,(1), who used miniature swine wearing an anti-G
suit that performed an AGSIil. That study showed
how VR occurs against a hydrostatic pressure
gradient during high sustained G (HSG) .

The onset of fatigue during
durati on to]erance. 0bvious1y,
metabol ical ly based physiologi
Consequently, G-duration tolerance
(mtabol ic) basi s.

. . tiluscl e strength (Sm) and anaerobic capacity
(Can) combined are measured as power in the
Hingate Test. This measurement has been directly
correlated yith the SACM (Figure 2) by lliegman et
a'l . {10). lJnfortunately, the specific relation-
ships between. l, ald 9an relative to cDT have
never Deen 6etermrned. Ihese relationships
should be measured since their relative
inportance in increasing Pr and therefore p.
xould dictate the musile conditionini
requirenents for the most effective AGSl,l.

G, I imits c-
fati gue is a

c response.
has an energj/

Gg1 = Cun-+ Sr-Vm
Ihen: GDT = G-duratlon tolerance (sec)
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Figure 2. SACl.l tolerance time (see Figure 1) is
significantly correlated (r = 0.77) xith the 30
sec manpower (lt'lP, an index of anaerobic capacity)
lli ngate cycle ergometer test.

Un]ike the Gr r equation (l) that can be
calculated with kno'in values and can therefore
predict exact G-level to]erances, the GDT equation
(3) cannot at present have any quintitation
because these values (principally their kinetics)
are unknown. Future acceleration research must be
directed towards developing those values if a more
precise]y control led ant'i-G suit inflation rate,
an improved anti-G suit, a nore effective AGSM, an

optinal PBG pressure schedul e, and a more
efficient physical conditioning program are to be
devel oped in support of advanced G-protection
systems.
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CARD TOVAS CUI,AR FUNCIION OF UAN

EXPOSED TO TANP ItsSIS

trhen th6 test
applleal (ln I
Sravlty), 1ts
test, ls used. Although LINP effectg
on the cardloraacula! slrstem bave
been d.iscussed 1n oanJr publlcatlon8,
certaln aspects st1Ll requlr€ further
study. Amorg them, the LBNP effect€
oa b1ood. clrculatlon and cardlac
functlon whlch bave been lnvestlgated
uBlng lntlirect metbods who8e Jrlelal
anil accu?acy are linited. The obJeot
of thle lnrestlgatloa waa to clarlfy
the pattern, degree end EechanlaEs of
cbanges ln tbe cardloyascuLar functlon
1a reBDonge to ISNP as well as tolilentlfy slnllerltle8 and d.lffer€noes
1,1 clroulatlon re8ponaes alependln8 on
lts lultlal Etate.

TIETHODS

thls approach rea Elmllar to the aaheEe
uged ln - cosnonaut exanlnatlons (2).
kpsd.nents w€r€ perforned on 90 heal-
thy mn-vohmteers, aged 24-46 lrs.
lhe subJects wele Eostly p€op1e loa-
dlng a sealentary noale of I1fe.

L

vt

A.A. Sevllov, V.I.Lobachlk, A.M. Sabln

Institute of Blonetlical ProbleEs,
Uoscovr 123007, USS

INTRODUCTION

It ls rvelI known that tbe cardlo-
],aaculer functloD and respongeg to
Bravlty-lnduceil blood. shlftB ere
esaesaed by meaBs of I tlIt test or,

ehoulal not or cannot be
lEulated or reBI Elcro-
aaalogue r 1. e. I,B1:I!

D)

*

-a {a

,l

o 0,5 r,o r.5 2,o 
R.H

IJ(?

I 'L'att,i

ii-L, ot

80

,{

,IO

8ElI!DoII IITI

IL^DIoEnIC At-U?. .) TAIU'CEEIi! Ol gg(Ag lrD
SAIILDI (lCRtBig) | !) COUrt !!I!C!IY!!BSS lI} r
tUrCtIq Ol EISURaM OEoGRI| o) US Ot fi!
s!!-UI' vlaIOUS IOSSIIEMS.

We uaed ailvanced method8 of phy8lo-
1o81cal Eeaaureuenta, vlz, echocardlo-
g"aphy anal raallol8otopes, that 611oyed.
aletalleal evaluatlona of lntracerdlac

contractlle
h refer€nce to
h1fts. Echo-
al using a coE-
accolalln8 to

'1 ,5 ). Radlo-
led out rlth
slgned uBlt to
tlon 1n th6
conpartnonta,
anal legs

utlon raE
tene:rator

al out u8La€
1B vhlch
and 50 otu Hg

, r:eBpectl-
presauro i

clrculatlon, puEpln8 andfurctlo! of the h€ert w1t
th€ topo8rephy of blood a
carallography was perf orne
Esrclal unlt Echovlew-8OC
th€ standard procedures (
l6otope Btudles vrere carr
the ald of a spec{aLly ale
Eeaaur:e lsotope Lncorpora
whol€ boaly anil 1n varlous
1. e. head, chest, stonach(Efs. 1). Blood r8dlstrlb
Eoasur€d ualng an lndluE
isotope, In 1 13E (5).

I8l[P tests were oarrle
a Yacuun bag the plessure
wes r€duced by 25, )5, 40
?or 2, ), 5 eDal 5 Elnutea
Y61y, reletlYa to aEblent
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RXSUI,TS AND DISCUSSIOI

Cooal tolerancs of IBNP

It can bs sBen froE ltg. 2 that
cardloyascularueaponses of the sub-
Jects to IBN? testB, nho tolereted,
theo f,e}I enough, Lnvolyed notlceable
chan8e s 1n achocarallog?aphlc palaEeters.
Ihe changes included a progreaslve in-
crsase of h,6art rate (l{R) (by 34% on
the average ) anal a al€creaae 'of Left
veDtrlcle aystolic (ESV) anat aliastollc
volune (EDV) whlch leaal to a correa-
ponding lealuctlon of stroke voluoe (SV).
In reaponso to IENP 35 no fk, ESV anit
EDV auolnl8bed. by 15 and 15* anil ln
resDonge to I8NP 50 oro Ha (at the 5thninute), by 25 and 29tr as oonpareit to
th€ baaoline Ieval. By tb.e enal of the
I8NP teEt thls reguLted. ln a 31% de-
crease of SV. Due to a pro8res6lvs I.lR
incraaae cardlac output (C0) varlod
{nslgnlflcently. Irhsse DaraE€ters r€-
tumeil to no::oB1 wlthln 1-2 ninuteEafte! pr€sauro waa 1nclaased. to the
baronetrla loYe1.



iled n"lth Tarlatlons 1n the above echo-
cardlographlc palaEeters. Bloott thlfts
froE the heaal and. ebdoDlnal cavLty wer€
coopa"atively sna1le!.
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.i6 2 EXG RTSPOI{STS Of HTALTHY TESI SUBJECTS TO LANP

(as PtRcflara6t or EAstLr{€ vAruEs)
HP . HfART RATE

tr - EJtcTrot{ FRAcTtot{
c0 - cARorAc (urPt r
tsv - Et{o'sYsTouc votuvE
Eov - E[D-ota5T0Ltc voLurlt
5V - STFOKI VoUJrt

!hu6 th€ spoclflc cardlotaacular
reaponae to I,BNP t€sts,ras a s18'txif1-
cani decrease of EDV that corrolated
vith presaur€ raduction. Itr Bplte of a
compailsatorlf deoreese of the Left veE-
trlcle reslauaL volumer sy dlnlnlshed
slgnlflcaEtly. Ho,rever becauge of HR

lncreass C0 reEalned close to the ba-
6s11ne througb.out tbe test. It 18 Ln-
Dortent to Bote that ltr tbe subJects'
ib.o weLl tolerated the test, the above
chanSeg were not accompanlsd by chaB-
Ees ln the eJeotion fraction (EI) or
other echocardloSrephlo paraEetels of
the contractlllty functlotli 1n otber
words. cardlovascular l:egDonaes IIer€
adequate to tb€ ISNP leveI end 6nt1r3-
Ly conpenBateil.- RattlolBotope alata shown in EL8. 3
denonBtrat€il that the above varlatlons
of echocardlographLc paraBeters wor'e
1lnear1y corr€IBt€d wlth lENP-lnduced
henodynaolc chanS€8. It can be see!
that about 30i of blood wer€ ahifteal
froE tbe thoraclc organs to 1eB capacl-
tance vessals which amounted to 5o0-
5oO nI of blood. ah:riug the test. It
shoulil be noted that the large8t aEount
of blooit rvas dlsplacetl (corpareil to the
total amourt of blood sblfted) durlng
tbe flrst 5 Blnutes of IENP testa wben
the plessuf€ was decreaaeil only by 25-
35 mn Il8. Iater lrhon the pr€sauro wBs
fultber dioinlsbed bY 40-50 nE H8'
blooa1 continued to pool ln tbe legs but
at a far slowsr rate. It appears tbat
tbe rcsetres of leg capecltalce \ressels
were largely erlraurted and furtber
blood shlft occured alue to th€lr aUIa-
tlon. In other word8, henoalynanlc chan-
ges, ln temg of tlDe and !ate' colnc1-

ALOOO SNIFTS |it BOOV OF HTALTHV TIST SUAJICIS IO LIIP
rsoropt sruorts as PEPCENTA6I oF oAsElll{E vALUas

ool lf6aTtvt Prtssuet(mmHg)

50

50

lhus radlolsotop€ studlea haYe convl-
Dc lng1y Ehown that ons of tbe naJor fac-
tora leaponslble fo! the above shlft 1D
lntracardlac hemodJmemlca was blood pool-
Ing 1n leg veasela analr consequentlyt
aun01n1sh€at blooct f1ll1ng of lntrathorE-
clc vesaelg and. blood return to the hea"t.
Accordin8 to the treasurtants perfo:med
u.6inc catheterlzatlon of dlffer€nt vaacu-
lar ireas (3,4), thls may lead to a s18-
niflcaat presture fatl 1n cartlao cavl-
ties and great intrathoraclc vessela
that reached 4O-55t, Tf Is lnterestlng
that the alegree of presaure fa1L 1n the
heart and g?eat vsa8elg wae 6Lso corr€-
lated wlth pressure Aecrease ln the LB$P
bag. lbe lstter seems to be one of the
maJor n6chanl6ms trig8ering conpensatory
r€actlons to IENP effeots that alevelop
ag a result of stlmulatlon of reflexoge-
nlc barorecepto! a]l'eaa of th€ heart anil
art6r1al. bed.. The flnal ro sult of tbaBe
leBctlons, 1! tbe caso of Sood tlNP to-
I6rance, t'es cardlao output tbat reEainetl
atlequat€ to the boaly requLr€nents at all
l€yC1s of ISNP in splte of slSnlflcant
cbange s ln Bystenic and lntracaraliac c1!-
culatLon.

It Ebould be noted that after IENP
erposure HR allnln18hed drastlcally (r€a-
ching bradycardia) wh11e carillac voluEsg'
Sv and C0 lncreaseil when conpated to both
the yaluea recortleal at 50 mm Ha anal the
basellne. Radlolsotopo Eeasur€oonts reve-
aleal Blnultaneously a "ery 

sl8nlf1cant
lnclease of b1ood. flow to the heart froE
1eg vesgelg. !hls was accoEparlqd by sc[-
gatlons (sometlnee unpleasant ) of a raptal
blood rush to tbe head' blootl pulsatlon
ln tbe templgs aEd fever 1n tbe upper
boqv.

toYte loDt lt6^rtvt PlEssurt
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fhe second type involves a slnllar, 1n
ter.Es of rate and de8ree, blood shiftbut aUrected. to abalomlnal vegsels. I,h.ethlrd type ls a conblned blood eblft
1n 1eg and abdoElnal vessels. ghe
thlrd type 1s a conblned blood shlftln leg and abdomlnal veaaels (althouch
less expresaed 1n elther area) whlch-
ends 1n a Bignlflcant anount of blood
al-1sp1aced by the onset of co1lapse. It
EhouJ.d.be emphaslzed that, as slown
above (Plg. 4), marked. blood poollngln the abdomlnal area (egpeclittv aithe beglnnlng of the IJBNP- tegt) ivasnot observed In the sublects who w€1l
tolerateal the test and proved to be
one of the most rellabl; plognostlc
signs of poor LBI,IP tolerence.

Our obser"ations gllre evidence thetclrculatlon responaes to IENP nay haveaubstantial lndlviduat varlationi,
especlalJ-y 1n people with poor toie-rance, whloh largely depend on the areafrom where blood 'raa removed. It waBfound that hypotenslve reactlons nalnlv
developed 1n para1leI wlth cerebral
clrculet-Ion ilisorders, ECG slgns ofcardlac hypoxla, anal predonln;nt de-crease of blood flow to the heart.Inallvldual va"latlons were, aa a rule,
seeD durlng the flrst 5 mlirutes of I,Bifp
gxposure whlcb aIlo\red an accurete pre_dlctlon of 1ts outcome.

,I
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-60

-20
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lltlus aE LINP test nay erert tro op-
posite effects: lorer prsloatl anal aft€r-
Load durlng erposur€ end hlgher preload
and afterloaal lmmeiilately after 1t. lhe
latter make8 IiBNP teBts more lnfome-tiye and pred.lctlye to reveal cardLac
reaerve capBb111t1es ln reaponao to
Sravltatlonal and otb6T effectB that
cauae blood reallstrlbutlon along the
long arls of tbe bod.y (e.9. bead-to-
feet aooeleratlon ).

Poor tolerence of LBNP

ID, the oaae of a poor test toLerancr
presfrcopaL stateE trele pr€ced.ed by a
seconda:lr lnorease of tb,e resldual
healt vol,une and a pronounc€tl alocrsas€
of other volume paraneterg es !,vell con-trectlltty peraneters (Ile. 4). lVo ty-
p1ce1 pattelns of reaponse can be dls-
tlagulshetl. fbe first pattem lncLuales
a gladual (taking seveial mlnuteg)
obalga of the ebove paraEeters anal an
lrslg]xlfloent m lncrease. fhe second.
pattern is a slnllar but fast€r (30-45
seconals prlor to cotlapse) change of
ESV and contractlllty perameters agal.nst
the backgromd. of a progressive and oore
slgnlflcaEt than 1n th.e flrst case I-IRrlse. It sbould be notaal tbat reallolso-
tope measuleEetrta revealed, prior to
colleDao, a slgnlflcant alecrease of
blood Ietun to the heart. Sone tast
subjects dlspLayeal ECG slgBs of nyocar-
illa1 \rpox1a, probably, caused. by a de-
cr€age of coronary blood, flow. Accor-
dlng to V.Xetkov at aI. (3,4). even at
motlerate ISNP (say, 30 nrn Eg), coronarJr
slnl'F flow anal oxygan consumptlon dlnl-
nlshed by 25% as conpared to- the base-
I1ue.

Raallolsotope data presented. in
Flg. 5 helped ldentlfy three types of
poor ISNP tolerance. Txe flrst typo ls
charact€rlzed by a rapial b1ood. dlspla-
ceDent, prlmarLly, to leg vesselB alu-
rlltg the flrst nlnutes of erpoaure
wlthout 1ts stabillzatlon later on.

fltsT

50



Ole of tbe purposeB of thlB lnYes-
tl8ation was to studJr alEllaritleB and
tllfferanceg of cardioveacular reBponaes
to IEN? and t1lt tests uaing radlolso-
tope nethod.s. It can be seen fron
F1g. 5 that ln IespoBss to both test8
the amount of blooal sblfteA was essen-
tlal lalsEtioal ln al,l body coEpart-
nents, ercept for the haaal. In both
ca8ea blood ras B61nIy renoved floD tha
tholaclc organa wher€ by tha rnd of the
te8ts the blooal voluoe aliEinlshed by 34
a'J.d 361i, rosDectlveLy. thi.s resulteal ln
Iow€r veaous r€tul!- to the heart.
Blood voluEe ln le8s lncreased by 40-
5G% 1n both casss. Howevsr durlng the
LBNP test b1ood. volune in the head waa
almost two tlmes less than durlng the
tl1t test. Ttre tllffereD.ce can be attri-
buteal to ths horlzoEtal posltlon the
test subJects occupled durlng the LBNP
test.

fbe effecta of I.BNP anal t1]t tests

HEAD CHEST STONACH LIGS

dLElnlsheat es before the teetErl.e. by 198

txi alalrarlr ,ataxt
I b.3. 60 120

.to 50 25 J5 rlo
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LAflP AND TILT TTSIS (AS PIFCEITIAGE OT EASELINE VALUTS)

It folLow8 from Fig. 8 that tlurlng t[e
IENP test performedl on heBd-down tilt
day 120 EDv, ESv and Sv decleased Eor€
notlceably than on head-alown tllt itay
e; oue to lthloh CO aunlnlshed substan-
tlal.1y (by lyfi). f*is can be vlered as
a synpton of lower capabllity of the
cartllovascula! aystem to tolsrate perl-
pheral blood allsplacenent whlch 18 slni-
Ler to what happens 1n oosnonauts upon
tbelr re turfl to Earthr s Sravity.

Our study also includetl an lnveatl-
gatlon of cardlovaacular r€sponses to
I,BNP tests at the €nd of a 120-alay
head-down expellnent rvhlch 1s often
used. to slnulate the effects of mlcro-
gravity. our flndings lndicate that
blood shifts 1n response to IBNP tests
on erperlnental alay 120 were mote s18-
nlflcant tban before the head-down
study (E!g. 7). Tlts can be ascrlbed to
a loner tona and largsr cap&clty of leg
veEseLs. I'he enount of blootl shlfted to
the legE wae 2@o Sreater than before
th8 study whlch was acconpanled by a
nore nerketl ' by 9-1&t blood outflow
from the head anal chest.

Radlolsotope d.ata about heooalJrnaolc
changes wele coEalst€nt ,f,lth ecbocar-
allogrephlc regults. EDv' Esv and Sv
decreased to a Sreater extent than be-
fore head-down expo{rule. On experlaen-
tal day 60 IENP-lnducetl decrease 1D
cardlac voluneg led to a sl8Blflcant
(by 41%) reductlon of stroke volune
whlcb wes aI@ost entlrely conpensated
bv an adeouate lncrease ln HR. As a
rlsult, Co durlnA IBNP tests renalned as

LBNP tlurln* head-down bed ,s8t

I
lrlatt rataiir

60 t2o d

ctlataa aarttf
t lo"" 60 l?0
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I
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CONCJ,USTIONS
In aunEary, our observatlons ahor

that 1t 1s very useful to epply echo-
cardlographlc anal raillolsotope proce-
(lutes 1n coEbinetlon durlng IENP anal
other te8ts 1D groual-based s1@ulatlon
stud.1e8. ghis epp?oach nay heLp acculu-
late baslcally new and valuable lnfor-
Eatlon about the phenon€nolory and rela-
tlonshlp of cardiova8cular dlsorders d.e-
veloplng in sixnulated mlcrogrevltyi mo-
reover lt mey help thelr quantitatj.ye
and rellabLe asseaanent.

Tle above aalventages of thls con-
blned approach peroit 1t to be recomEen-
ded for cosEonaut examinatlons before anal
after f11ght. Tbis approach may help bet-
ter evaluate cardlovaacular de conalltlon-
1ng ln reaponse to gravity-Lnduced blood
shlfta and ilevelop nore efficient coun-
telEeasurea allowlng for 1nd1vldual fea-
tures of manrs adaptatlon to mlcrogravl-
ty. It can be stresseal that the epproach
haa alread.y found practlcal appllcatlon:
echocerdlographlc dlagnostlc equlpnent
haa been used ln recent manneal mLsslons.
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THE ETEECT OF EKTEFNAL INSPIRAIORY
RESISTAXCE TO BREATEING ON !'AN I S

ORTHOSTATIC TOLBANCE

the bath ald tbeD placed on the tllt tab-
Ie. The batb water teDperatuie lvaa 

^naj,Dtalned with an accuracy of tO.2-C.
Sub.iects lay in the bath on water-proof
mat;rial to protect akin macelatlol1.

.M.

.4.

.E.

v
I
N

Ba!aJrov r v.P. Katult 8ev 'Kabeaheva, A.N. Kotov 'Panfyorovar U.V.Sazonova

In the 2nd experlmental series the
effect of iEnersion on orthostatlc to-
leraDce was investj-gated {hen tbe test
subjects were breathinE aornally. In the
lrd-8nd 4tb serles olthostatic testg
were pelforrned whe! the lnsplratoty re-
alstsrrce to breathing was 8.6 8nd I8.5
cn IIr0, r espe ct ive1y.

During all tilt tests the Eubiects
used a nouthplece coanected to a vaLve
box. Addltlonal resistive reslstance was
generated usln8 bladders of different
dlameter that were located 1n front of
the inbalation valve in the box. Reslst!
ve resistance {as calibrated 1n a 3outl-
ne method at flow rate of 1 I/4. The
tiEe interval between tilt tests for each
subject was. 4-5 dqys.

ECG was recorded in the 1st stand-
ard lead and heart rate (HR) was calcu-
lated fron ECG tracin88. A.rterial pres-
sure lyas neasured in the shoulder area
usinE Korotkoff sounds. Varlatlons in
thoricic blood volume (lSV) was measured
wlth the ald of lon8itudinal tetrapola!
rheography. Electrodes were flxed around
the neck and on the chest at the level
of the xlphoid process. LeB clrculation
variations were deternlned TYlth respect
to calf volune (CV). These ueasurements
were performed plet Wsnographlc ally ustlg
V,lhitney mercury-rubbe! tlansducels plac-
ed in the largest calf area. Re8piration
paranetels sere recorded with the help
of Eric Ja8er equipmeat. Carbon dloxido
partial prEssurd ii alveolar alr (P1CO2 )
was measuted by a Mccow PCI[-1 mass-
spectroneter. Body tempersture ln the
oral cavity was neasured by a medlcal
elestrot hermoEet er with an accuracy of
to.2oo. Body mass was measured at an
accuracy of up to 50 I at the beginninB
and at the end of the expe!1ment.

The results were proces€ed bY Stu-
dent I s method.

Result s

In contlol t!1t tests the health
condltlon of aLl test subJects remalned

, HR lncr eas ed
c AP decreased
c AP incr eas ed
2.ry, Q < o.o5 ).
creased by 1.5
2.5 nra Hg (p>

Tbree-hour water j-nmer8ion at 38oC
resulted in noderate hyperthelmlar body
tenperature rlse to 37.4oC, skln hyper-
enia, and profuse per spbatioD.

lnstltute of Blonedlcal ProbleEs t
12roo7 fo€cox' USsn

Orthostatlc intolerance ia one of
the {orst consequeasss of nanrs exposrEe
to mlcrogravlty. Imnedlately po st fl ight
hor lzoDtal-to-vert ic aI tranEitlon causes
li"nv"rraiu and arterial hJpotension (5'
8.14.I8)' and somelimes sJmcopal eveats
(4).'uany authors attribute ortbostatic
hypotension 8!d postural sJmcopes develop-
tn8 postflj,tht to the lowet venous letuln
to-the heart caused by Sravlty-induced
blood poollng ln the loter body (7'17r19).

AnonB the mechanisms that are re-
sDonsible for venous return mentlon shouu
b! nade of the chest suckt!8 effect asso-
ciated wlth the resPiration act.

It ls also well known that respira-
tion aBainst !esistarce loads lnduces a
blgber actlvlty of respiratj-on muscles
and' thelr greater effoits (1). Havtng tn
view these observatiotrsr we have postula-
ted that inspiratory resistaIrce to bxe-
atbing applied externally mqy enhance the
sucklng actioD of the cbestr '&ld by J'a-
creasi-ng venous returnr mqy exert a bene-
ficial effect on manrs orthostatlc tole-
rance. The pu.rpose of the present lnve8-
tlgation llas to verlfy tbls concept.

Met hods

Erperinents were carrled out on 10
healthy mal.e voLunteers (age 31.711.8
yrs, helBht 176.71f.3 cn' welght 72,0!4,o
kg). Ortbostatlc tests were perforned
using a tl1t table equipped wlth a saddle
for support. The tests ln the head-up po-
Bi-tioD at 70o lasted for 20 mln. The
tests were dlscontlnued if sny syncopal
synptoEs oc cur! ed.

trour experimental studles i{ere car-
r16d out. The fllet sell-es served as a
contloI and was stagetl to ldmtify the
basellne orthostatic tolerance of evely
test subiect. Imnediately before ortho-
static tasts in the 2nd, 3rd end 4th se-
ries the teet subjects were exposed to
"dryrr iDnersion for three hours in water
at 38oC. For this purpose a transportable
device was used which allowed the test
subjects to be inmersed and removed fron

adequate. On the a
by 20 beats/min r s
by 2 mm Hgr and dl
by l7 uu Hg' CV gr
Lr:ng vent ilation (

t,/min. and PaCOa f
o.05)'(r'iss.'1 End

verage
yst oll
asto11
grq. by
V-) in
ett uy
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DU:r ing water iirmersLon body weight
loss was approxinately O.93O kg snd HR
lncreased from 65.8 to 80.7 beAts/qln.
After exposure absolute values of ir.,
t1da1 volurle (Vr), resplration freqt6ncy(f) increased a.ia 

-pacoi 
decreased -as

compared to the pret'esE levels (p >
o. 05 ).
Table 1 EI'FECT OF EXTEIiNAL INSPIRATORY

RE9ISTANCX TO BREAIHING ON
ORTHOSTATIC TOLHANCE

l!cD

tlcD

l!c!

I!.r1,!rro!, lr.lttec. to bE.tD&S, cr !20
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'!O .1! o, t1l!

1&

110

1oo
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2,o
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lvater i_Emere s ioa led to a sltniflcsnt
decllne of orthoststlc tole]carce-of thetest subjects (?able 1). EiEbt out of Lotest subjects developed synCope durilctilt tests; moreover-5 of-thei showed'
syncope du-ring the first IO minutes. Inthe presyncope state the test subjects
showed perslsrent tachycardia. de6r easedsystoLic and diastolic Ap (to'94 and 52
nn Hg, respectively). reduced - bv 1@ -TBV, increased - by 5.6% - cv (p:0.05).
They also developed 1ung ilypervint 1Iai 1-on, with-a Vp increase to 13 1,/min, ard
hypocapnia with a P^Coo decrease to 25.6
mn Hg.

When inspiratory resistance was aD-pl1ed (3rd and 4th serles), the nunber'of syncopal eventa was smailer than innormal resplratlon (2nd series). l'Jhen in-splratory resistance was 8.5 cm HrO. the-re were 4 syncopal events two of fitric troccurred durj"ng the flrst 10 xainutes andtwo, during the last IO ainuEes. Vtben in-spl.ratory reslstance was 19.5 cn HaO.there were 5 syncopal events one oi ,inf"a
o-cc uIr ed du-r jng r he f ir Bt lO minut es andfour, du-ring the last 10 minutes of thetllt t est.

As compared to normal breathins- HR
and diastolic Ap in the neaO-up posidton
were lower during inspiratory ieiistanceto breathin8. In this situation TBV dimi_nished ard CV increased i:r a fower-aigree.Dtling normal breathin8 TBV dini_nlshed bv).*/o.and CY increased by 4.9/" on the 5th'ml-nute ol the tilt test. During resistiverespi.ration at 9.5 cm H2O TBV inO CV c t alr-

FlguIe I Effect of external lnsplratorv
!esi,stanc e to breathlng on
cardiovascula.r parameters dur_ing tIlt test.

A - before immersioni BrCrD - after 1m_

8;il"*?l: Ll - basellnei ZA - tLtt, test

A,B. - without external reslstancei C.D _with insp'lratory .resistance of g.6 ;dr.r. ) cItr a2U, .respectively.
* p<C.O5 as compared to baseline data.

_ , 
V,'qen rhe cardioxesglratory functlon

:91"199 a steady state (5t1r mGute oflne trlt test), values of Vr iI a1I Dost_unmersron tests did not differ stati;tic_ally. However, ln respiration ,""i"iu"".r,xperiments at 9.5 and 19.5 crn H:O tir.increased at the expense oi v, iicref,errt"by. Ul and.189 uI , i especi ivety;--A;;;;: "
nar oreathln8-VT decreased by 98 nl and fr-ncreased by 2 cycles/min. Ai a result of!tlrs !estructuring of the respirationp:l:g:lr 14c02 ,,^d 36.iit.1 ffi-H;-;;""
.r.n 

sp:.rat ory resistance was applled'and
ij:i ts.le when normal respiration was
Bpws \ j 4t5. ../ .

_,. . 
According to subjective estimates ofa r -L-t est subjects, inipiratory resisianc!

tf : ! i si'"iE lg i u'0. li',f l 3I."1',i ; i::l *T-s_ensat ions after orth6stati" t"ii".-i"jspr..ratory resistance of 18.5 cn HrO gave

t il

I

I

s-l l4

ged by 1.8% and 3.6y', and at 18.5 cn H2O.
by 1.4 and 3.4111 respectlvely (Ftg. 1):

1

lrhfri
lr r c o



r18e to the feellngs of lnpaired irthala-
tlon durln8 tests. After erposure most
subjects volced conplalnts sayln8 that
tbelr cheekr neckr cbest and stomacb
musclea felt t iic ed.

ll8ure 2 lffect of external inspfatory
le8lstance to breathjn8 on re-
spiratory parameters dur1l]B
tllt t est.

A - before lEmelsloB; B,C'D - after in-
Ee!s1on; E - baselinei Zl - rllr
te8t 5th nln.
ArB - wlthout external resl8tance; CrD -
wlth lnsplratory resistance of 8.5 and
18.5 cm H2Or r espe ct iveLy.
r pa0.05 as conpared to baseline data.

capacity could Dot be ualntained because
of additional blood pooled ln skln ves-
sels dllated in response to qypelthermia.
It should be borne 1n nlnd that sklt! ciF
culation lnvolved 1n the naintenalce of
temperature hoBeostasis is also coltroL-
1ed by arterial baroreceptors. However,
the reflex constrlction abllity of skin
vessels durilrg postural tests carnot
fu1Iy Bake up for theij di.Iation that
occurs l-n reaponse to a h18h anbient
temperature (5). Published data give evi-
dence that, tf body t eroperatule risee
approxloately to the values recolded l.n
our experlments, test subjects, as a ru-
Ie, show reduced resistance to gravlta-
tlona1 effects (2,1I). Ihe authors attri-
bute tbe advexse effect of byperthermia
to a lo{er tone of pelipheral vessels
whlch causes blood poolln8 in lower ex-
trernities to increase and venous leturn
to the heart to decrease (12116).

Our results have denonstrated that
appllcation of external lnspiratolJr re-
slstance to breathin8 lnproves orthosta-
tic tolerance. Tbe cardlovascular deco!-
dj-tioning lndex (CDI) calculated accord-
ing to the formula of Bungo et a1. (4)
dininished fron 26.5 unlts ln the 2Dd se-
rles to 15.1 and 3.2 units in the 3rd and
4th experlnental series, respectlvely. It
ls intelestinR to note that according to
Bungo et at. 14) ttre astlonauts who ised
1nfllght prescx ibed count ermeasur e s, na-
r0e1y water-salt suppl€nents, had the CDI
equal to 21.411r.9 units; 1n other words,
lt wa6 hlgher than in our expe.rinent8
wi-th additional resi.stive resistance. In
ou.r test subjects the frequency of ortho-
statlc sJmcopal events decreased and the
tine of their occurrence shifted to the
end of olthostatic t est s.

OUJ results also show that external
inspiratoly resistance dur 1ng orthostatlc
tests prevented a drastic reduction of
i-ntrathoracic blood volu-me and caused a
less expressed f1uld redlstrlbution from
the upper to tbe lowex body. In our study
we did not m€asure end-diastolic volu.ne
and cardiac output. However, thele is
evldence il}d icat lng less sLgnificant
changes of intrathoracic bLood volune 1n
tlle case of lower HR and stable AP whi-ch
sugSests hl8he! blood lnflow to the heart(f5), and, obviouslyr hlgher values of

duJlng inspiratoly resistance to breath-
ing.

In vie{ of tbe fact that duling our
ortilostatlc tests the muscle pump effect
vas Einimized, it can be assu[ed that
chest respiratory excuJsions played an
impo.rtant !ol,e jn the malntenaace of ve-
nous return to the heart. The funct ional
ablliti.es of this mechanlsn were enhanced
by artiflcial reslstance to jnsplratory
gas flow. Irr orde! to make an inspLrationj.n this situation, respiratory muscles
had to nake a greatex effort whicb caused
rarefaction in the intrathoraric conpart-
raent and augraented the sucki-ng effect.
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Discugqiotr

I! tbe present lnvestlgatlon decrea-
se Ln orthostatic toleralce vas achleved
through a combi-ned act j.on of two factors,
j-mnerslon hypodtrnanlcs and increase i!
amblent temperature. Aft er three-hour
exposure the tllt test 'ras discontlnued
ln 8 cases because the subjects develop-
ed syncopal, attacks.

Symptons of orthostatic i-Dt olerance
developed rhen centla1 blood volume dj.nl-
nlshed dlastically and blood pooled in
le8 vessels. tr'ron an analysis of cardio-
resplratoly responses dur in8 orthostatic
tests it can be seen that the barolecep-
tor Dechanlsm of AP regulatioD functi-on-
ed less effectlvely after exposure. The
test subjects derreloped a rapld decrease
of preload flhlch was not conpen8ated by
an increa8e 1n HR and perlphelal lesist-
ance as a result of whlcb A! started to
d i.Eln lsh. The cardj.or esplratory fr.mctlonyas also challenged by body dehydration
caused by profuse persplratlon snd pre-
sumably by plasma voh]me reductlo!. Besl-
des, adequate relationships between the
cijrculatln8 bl-ood volutre and ci-rculatlon

end-dlastolic voluJre and cardiac output

l
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4,ft er hor izoDt a}-t o-velt ic al trarsl-
tion VE increnent was acco!0paried by re-
structlxiDg of the respiration pattern.
The new resplration pattern that develop-
ed during the orthostatlc test wbi-ch in-
cluded a deeper and, presueablyr longer
insplration (1) enhanced to a greater de-
gree the suckln8 function of the chest.

In the case of insplratory resistan-
ce P1CO2 in the head-up position was hlgF
er tlian-wlth unobstructed breathlng. A
hj-Bher leve} of PCO2 in ttre alveolar Ba6
andr presunably, arterial blood seeEs to
help naintajn adequste circulatlon in the
head-up posirlon (9), slnce a moderate
rise of P-Co, causes dilation of cerebral
and constilctlon of perlpheral vessels,
lncrease of cerebral blood flow and in-
provement of o:rygen utillzation in the
bral.le ( 10 r13 ).

Dur ing orthostatic tests addltional
resistance to breathing was nade up for
by lnvolvement of a number of regulatory
mechanisms of varyilB conplexity begin-
nin8 lrith the capaclty of i.ntercostal
nuscles and dj-aphragn to enhance thelr
contxaction and increase their lnltial
Iength and ending !flith the cortical in-
fluences (-1). In our studies early signs
of extreme load on the respj-ratory systern
emerged when ixsplratory resistance to
breathlng applled was 18.5 cm H2O in spl-
te of the fact that P1C02 was nej.ltalned
at a 1evel close to the basellne.

0r1r lesults nay be used to advantage
in the developnent of new counterneasures
against adverse effects of niclogravity
on the huEan body.
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COMPARATIVB ANALYSIS OF EYPBRCRAVITY (2G)
AI{D WBIGETLBSSI{BSS BTTBCT OII TEB

BLOOD-FORUII{G SYSTBi{ OF UALE A}ID FBI.{ALB
MAUMALS

1,. V. Serova, N. A. Che l. naya

IDEt i tute of SioDedical Problere,
Moscorr, IISSR

The probler of the iDflueDce of the
altered grsvity to the liviDg cell6 and
cellular .yrters iD vivo aDd iD vitro is
one of the geDeral problels iD glravits-
tional biology. CoLparative aDalyria of
the Eaterial6, obtsined ia this area
allotrs us to refer blood aod blood-for-
ring orgaDa to thoae systeaa, rahich are
very seDsible to the cbaBge of 6ravity
Ievel,

The colpariaon of the reactioDs of
the trro periodically reDovating cells
systels of the sare aDinals after 7- 6Dd
l3-days space fliSht shor,s coEsiderably
higher seDsitivity of blood systeD ele-
[ent! than the eleDeDts of aperEatogene-
sis. For exaDple, after 7-days space
fl i ght onboard biosatellite "coslos-I567n,
wc did not fiDd sigDificaEt changes in
the cytological picture of the BperEato-
llene!is, vis the cytological picture of
the bone larroB which deEoDgtrated aig-
nificaDt decrease of the qua!taty of the
erythropoietic celle aod lyrphocyte. and
the iDcreale of the quaDtaty of the gra-
ttulocyter, pla.rocyter aod Durt ceII.. In
!anj/ other experiDents the exposure of
rata to rfeiShtleaaDe!l6 was just acco!p6-
nied by a decrea6e of the nulber of blood-
forlinf bo[e Edrrow cella lainly due to
the erythroid branch (1-4), aa well as by
the decrea66 in the Cfus nurber (5,6),
chaDde3 i! forr of the erythrocytes (7)
and decreaae of their resistaDce etc.
(8-r0).

The influeDce of the hypergravity oD
blood and blood forDing orgaBr has beeh
studied sDaller. l{e Eay leDtion the
investigation, perforled by A. Vrabie.cu
(II) who har !uccessed iD .tudyiDd of the
bone Darrow in ratr after the expolure on
the centrifuge at 4,5 and 6.5 G for ll
days. Becides this lre would like to Len-
tion the paper of B,R.BurtoD et aI., wio
used the lylphocyte. nurber in blood as
the sign of the streBs reaction in the
centrifuged aniDals (I2) and our previous
experi[eDts rrith pie6naDt fenale rats
exposed at 2G (13).

our report iDcluds the results of
the i[vestigation of the blood and botre
EarroN in Dale, ferale, and pregnant fe-
!ale rat6 of t{iatar 6train exPosed on

ceDtrifuge at 2G iD colparigoD r.ith the
results obtaitled ia 6pace flight. of dif-
fereDt duration oDboard bi06atellite6 of
the Cortoa LissioD!.

Fif. I shon. us the data which
charact.rize the eryth!'oid branch of bone
larroii (i,D percebtage of cohlon nuiber of
ryelcsryocytea) iD aale rat6 after ?-, I4-
aDd 22-daya spacefli6hts. ID alI three
cases we 6at, si6aificant decrea.e of the
erytbropoietic cells iD the fli6ht groups.
It was iDterestiog that tbe changea Here
oot dependeDt oo the flight duratioD beiDg
the saLe in all thre6 casea (7-91 of boDe
!arrow Dye I ocaryocyt es ) .

GIYTIIX)?OIETIC CE1IS
IN !()NE MTrIOI
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Fig.3 deroDstates the resul.ts of the
eperiEents tiith the adult Dale and feEale
rat6, exposed on the centrifuge at 2G for
5 days (the rate of rotation was 33.3 rpE
with a pause oDce a day froD 9.00 to 9.30

l
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UnfortuDatlly oDIy iD soLe 6pace
experilents tve received the bioD6terial
rihich trss necesssry for calculation of the
absolute nulber of bone narrow Dyelocaryo-
cytes and the ebsolute nuiber of erythro-
poietic cells. Fig.2 deroDrtrates such the
[ateri6ls for the rets' experi!eDt onbosrd
the bios6tellit6 cosDos-605. It was -6rked
the decrease of the absolute aunber of
ayelocaryocytes in one felur by 50 Dln
cells (p < 0.05), here*ith the spark of
the erythropoietic cells was 26.4t in
experiDental group veraua 33.41 in control
8roup, ard their absolute nulber was dec-
reased by 37 uln cells. so the decrease of
the cellularity of the boDe larrot, tlaa
perfored itr general by the erythropoietic
celle.
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a.D.) and exaDined after the experileDts
according to the saLe prorra!, In both
Dale and feDale experi[ents we saw the
decrease of the spark of red bone [sr-
row ceIl6 (9-I0i), in this case the ceI-
Iularity of bone Darrow raa decreased by
52-55 uln ceIIs and tbe abaolute Dulber
of the erythropoietic celIs Has decrea-
sed by 29-32 EIn celIs.

Previously we bave described the re-
suIt6 of our experi[ents in tlhich we .tu-
died the iDflueDce of hypergravity (2c) on
the differeDt 3tages of th6 preDstal dove-
lopDent of rats (14). ID SeDeral they
coDcluded that there were differeDt bio-
logical Decharisrs of the effects of hy-
pergravity at different prenatal stage..
l{hen we breeded the rats 6t 2G, the oDly
difference betreen the experiEental and
control Sroups wes the coDaiderable Ieng-
theninS of the tiEe between the setlting
feDales to rales and fertiliz6tioD. l{hen
the fetale rata were exposed st 2C froD
the ?-th 6eEt6tion day, the aain differeD-
ce betreeD the groupa coa6iated iD the in-
terruptioD of pregnancy in 6olne aniEals of
the experiDental 8roup. And fi.tlaIIy, Hhen
feDale rats were centrifuged at 2c during
Sestation days 14 through 21, we did Dot
observe aDy cases of iiterrupted pregnan-
cy, but the fetuses of the aniEals of the
experiDental Sroup were behiDd the con-
trols in body rasa and ossification Ievel.
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Hhile the Dain fuDction of the
erythroc!.tes is to transport O& to pro-
vide the aerobic !etabolist of organs and
tissues, it Has to be supposed that there
Duit be the direct correlation bett{een
the ener'gy expeltse 6nd the value of red
bone narrow. So in treightless conditioDg
one Di8ht expect the decrease of the
erithropoietic activity of bone uarrord
via its iDcrease in hypergravity. But the
real results have been found stright re-
verceble: hyper6ravity (2G) and weight-
lessrers in the 6aEe duration of exposure
(5-? days) were follored by the saDe
chaDg:es itr the erythroid branch of bone
EArroH.

The saDe picture we have seen in the
experinents witb the preglDant feoale rats,
exposed itl weightlessness (Cosuos-1514) or
on the centrifuge at 2c duriDg ge.tation
days I3 through l8-21 (Eig.4,5). In both
cases tre sar the decrease of the cellula-
ryty of boDe [arrow, the decrease of the
percent of the erythropoietic ceIl6 snd,
as a re6ult, the decrease of the value of
the erythroid branch of the boDe Darroi ih
I feuur by I9 nll cells after space flight
aDd by 25 EID cells after exposure at 2c.

2m

riE.5

Fi{.5 shoBs the data nhich charac-
teri6e the erythroid braDch of bone larrow
of feDale rats froD these experireDts. The
[axiDuD decrease of the abaolute nurber of
the erythropoietic cells iD bone Darrow
(by 25 DIn cells) we have seen in rats
expoaed at 2G for 5 days (13-18 gestation
day6). In rats exposed at 2c for 1.4 days
(7-21 gestation days) the decrease was only
14 oln ceIls, and finally in rats expo6ed
oD centrifuge for a bonth (before fertiliza-
tion and then through l8-th gestation day)
we have not seen any sigDificaDt chaDdes
itr experiDeDtal Siroup as coDpare to the
coDtrols. Thus, in these experiDeDts the
changes in erythropoiesis flere in the re-
verse depeDdeDce with the duratioD of expo-
sure of the rats at 2c, beiDg DaxitruD io
the experiEeDt with EirriEuD exposition,

Fig.5 shotis the data Hhich characte-
rises the reticulocytes' coDcentratioDs in
rata froD alL experiDeDts deacribed above.
In all the cases, both at wei€Jhtlessness
and hypergravity the depression of red
blood ceIls forDation was in good correla-
tion lrith the decrease of reticulocytes'
Ievel in blood. It is interestiDg to !en-
tion that iD centrifulJe experiLeDts r{ith
pregnant rats ee have seen the decrease of
retyculocyte.' leveI in blood as well as
the decrease of the DuDber of the erythro-
ietic cells in bone oarrow only in rata
exposed at 2c during gestation days 13
through 18 aod 7 through 2l; and ne have
Dot seeD these changiDgs i!t rata expo6ed
at 2G for a Donth before and after fertiti-
zation (Fig,7).
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voluDe decrease aDd erythrocytes' voluEe
increase as a result of water loss (9,15,
16). ?he iDcrease of hemoglobin coDcetra-
tion which we can see in sone aninals after
laDdiD6 is the indirect siSn of such chan-
ges in rats, The so.Be changes rde have found
out at hyperSravity. Thus Dice, exposed at
2c demonstrated the bl.ood dehyd16tion and
heDatocrite increase (Fig.8). These changes
were like the changes taking place when we
did not water bice, and were sunDerised in
the variant: "2c+dehydration".

Fig.7

The inforDation: " plenty of erythro-
cytes", appearing as a result of blood de-
hydratioD is practically false, while the
real erythrocytes nuDber st first is not
increased aDd then is decreaaed because the
decrease of their production. The oecha-
nisD, which deter[iDe the nor[alizatlon of
the charr(es in the conditionB of hypergra-
vity aDd DoDpro!lressive chsDges duiing
Bpace flights is not cIear. That fact is
coDfirDed by the results of our experioenta
iD wich the changea in red bone uarrow t ere
practically the saDe in 7-, 14- and 22-days
space flights aod in centrifuge experiEents
they were raxiuuo in rats at 5-days expo-
aure and were not seen at the ani[a].s t{hich
were at 2c during a Donth.

As f'ar as the intedsity of the eryth-
ropoiesis is significantly deterrined by
different horDoDs, firstly by the sexual
horlon3, which operate via erythropoietin
or directly ( l8), it Didht not be exclu-
ded that the change of the horDoDs' le-
vels in the orlJanisn at weightlessnesa
and hypergravity put soDe contribution
into general picture of chandes. At the
sale tiDe although our point of wiew is
that nonspecific atress-chsnges are the
significaDt part in chanSes taking place
both 6t 0c and 2G (19), ire don't belive
that changes in red bone Darrow are froD
thei r nuEber,

t

lw

W,

Fig.8

receivingl of the real
Irrc:.irc.o
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The chao8e. of erythrocytes 6nd heEo-
6IobiD conceDtratioDE Here le6s syno-
nynous, that apparently wa6 defined by
partial DorDalizatioD of the values
during several hours bettreen the IandiDg
aDd the begi.Ding of tbe aniaals exa!iDa-
tioo. In the experiDeDts DeDtioDed above
the coDcentrations of erythrocytes aDd
heDoglobia were not changed coDpared with
the cootrols or were ilcreased a little
appareDtly becaude of the degydration of
the blood. And only 6fter the eDbryolo-
gical experirent onboard biosatellite
Cosroe-1514 the depressioD of red blood
cells forEation and decrease of reticulo-
cyteg' coDceDtration were itr gdod correla-
tion with the significant decrese of he-
Do6lobin concentration till 9.89: via
I2.9-I3.4 in controls (p ( 0.001).

collectiEd together the re3ults of dif-
ferent experiDents, carried out in condi-
tioDs of weightle6sDess aDd hypergravity,
we ehould solve the difficult task to ex-
plain the ulexpected feDoDeDon of the
aale chanEe3 in erythropoiesis both at
neight lessaess 6nd hypergravity, Firstly
we would like to Lention th6t rateriala,
presented above, t,hich aeeued to be so
unexpected at firBt .ight, really do not
coDtradict to the Iiterature &ta. Thus,
A. vrabiescu (lI) studying the rat.' booe
larror after II-days expoaure at 4.5 and
6.5c found the decrese of the part of the
erythropoietic cellt. A. Vacek et aL (5,
6) h6s found the decrease in cFUs Duober
both at t{eightlessness and hypergravity.

Aa far as after the exposure at
rreightlessaess or at hypergr6vity the
changea in red bone Larrow DentioDed above
are norlalize rather quiqly, they should
valued as the adapt ive, Phys iological re-
ectioDs and so the couisea of then should
be looked for i'l DorEa] nechanisDs of
erythroD regulatioh. tle D6y 3u88est that
there are seve16l courses of these chan-
Ees because of the couplexness of the
erythron's regulation.

It is knonn that value of the eryth-
ropoietic branch of bore rarrow is regu-
Iated by the organisa's need in erythro-
cyte6. Thus, while we belive that the
physiological EecbanisEs of the regula-
tion is in order, the question we should
aolve is what is the itritiator which in-
forrates the bone narrow about the
erythrocytes' sbundance, and, as a reeult,
aIIoHs the sequence of the reactioDs re-
sul t ing iD tbe depress ion of red blood
ceIlE forLatioD both at rrei6htlessness
aDd hypergravity' For weightlegsness such
the initiator Li6ht be the increaae of the
peripheral heDstocrit because of plaena

1
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experireDtal dat6 fro! the anin6ls expo-
sed in space flight P. Rorzuev (20,2L)
propoaed that the decrease of the letha-
bolic activity io neightlessness would
lead to depression of the red blood cell
forastioa in the bone [arrow. At present
we Day Eay that the factual part of this
hypothesis is aproved but the recheDisLs
of the developDent of the chaD6es are
different fro! those he has ruggested.
First of all the rats exposed et treiltht-
IersDess did not denoagtrate the decre-
a3e of eDergy expetlse. OD the contrary
it was Earked the incresse of their Lo-
tion activity (22), lhe increase of their
o! coDsuEptioD (23) and the iDcrease of
their food as.irilation (24). On the
other haDd the ani!als' adaptation in the
firat day of their expo6ure on ceDtrifu8e
i6 connected with decrease of their !oti-
oo activity. This fenonenon for the first
tiDe tias de.cribed by E. BeDgle (25) and
we also regulary saw it at our celrtaifuge
experiaellts. It is interesting to Dention
th6t Dany tiEes we saw the sale picture
in rate durin6 their readaptation period
after space flidhts (26). ?hi. fiDdings
peroit us to think that the chaDges of
eDergy expeDae during the oeightlessness
and hypergravity are aot quite contrary
as t,e believed at first. AppsreDtl.y they
iD geoeaal 6re deter!iDed by the aniDals'
adaptive behaviour, firstly by the chatrge
of the aniDal.' Lotion activity. In con-
clusion we waDt to Eerrtio! that while stu-
dying the lechanisEs of the aniLal.' adap-
tatioD Dot only in gravitational physiolo-
gy but in the general phy6iology too, we
wroDgly pay leas atteDtion to the possibi-
lity to adapt to different conditioDs by
chsDges iD Dotion activity ard bechavior.
At the sane tiDe in natural environEeDt
just these reacti.ona haE the rain role.
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RESULTS OF EXAMINATIONS OF THE
+Gz ACCELERATION TOLERANCE USING
DIFFERENT ACCELERATION PROFILES

Pepenfuss, C. Kollande, B
end R. Eckardt

Ullrich,

Results and Di scusa ion

Fig. I shows the percentage of the
c-levela reached in both interval profi-
Iea. As you can aee' in IP 1 r,ith the
onset rate of 0.1 G,s_l a sDaller per-
centalle of aubjects than in IP 2 with
the onset rate of 0.5 G.a-r reached the
highcr c-Ievela. This also concerns the
percentaS. of thoae subjects ,ho had not
yet reached their tolerance end point,
that oeana, $ho could have tolerated Dore
than 5 cz. In IP I this is the caae with
25 t and in IP 2 r{ith 54 X. In accord-
ance with the correspondinll Literature,
r.e consider the various tiDes of expo-
sure, which in IP I resulted in an early
fatiSue or exheustion of the regulatory
oechanisDa in a relatively larger part of
gubjecta, being the cause for thiB diffe-
lence. On the other hand, despite the
hiSher onaet rate in IP 2, the tirne i.ras
obviousLy sufficient for the regulatory
Dech&nisbs to becoEe effective in nost of
the aubjects.
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According to the experience reported
by other inveatigatora, the results of
tolerance exaDinationa aae influenced by
the acceleration profile applied. This
atudy inforua on the results of an exafii-
nation series, which rrss started in order
to find sppropriate methods for exaDi-
nation and evaluat ion.
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subjecta trere expoaed to three ecce_
leration profiI.s. Plofile 1 was an in-
terval profil ( IP 1). It consiated of
accel.e.ationa increasin8 in ateps of
0.5 Gz, each, starting froD 2 cz up to
a Daximum o? 5 Cz, The onset rate of
acceler6tlon and the deceleration r.eae
0,I G. s'I , respectively. The several
O-levels and th. intervenlng interval of
+1.1 G, were austained 15 aec, each, The
aecond profile i.as an interval profile,
too (IP 2). In contrast to the preceedin8
profile, the onset .ate was 0.5 G.s-r,
the deceleration 0.3 G.s-t ' end the fi.at
c-level 3 cz. The thild profile was an
acceleration continuously increasing by
0,1 c.a-r up to ? Gz' at Dost; the
deceleratlon wan egain 0.3 c,s-l (linear
prof i I ' LP).

Aa tolerance criteris we defined
the Loss of the pulae aDplitude photo-
plethysnographi cal Iy oeasured at the ear-
Iobe, snd the pe!:ipheral IiSht loss. The
peripheral light Ioss ras deter[i.ned with
the help of a segnental. periDeter. Sub-
jects did not t{ear any anti-c suit and
were aaked not to Dake use of anti-G
straining Eanoeuvrea. Straining Danoeu-
vres such as the L-l and the M-l were
detected froo the courge of the spiro-
gran. Such cases were not included into
thia study. casea, ,here distinct func-
tional. disorders ,eie the reason to stop
the centrifuge exposule, were also
excluded fron this study.
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Figure 1. Percentage of the
reached in the intervaf profiles,
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)5,0 r0z

c- levela
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The percentage of the several
G-IeveIa reached in IP 2 have been
differentiated according to age. It i8
evident that aubjects younger than 30
yeals rellained unde! the mean values of
the total population. Subiects et the
ages of 31 to 35 years and over 40 years,
by conparison, exceeded the average. But
the a8e-dependent diffe.ences were sta-
tisticaLly not aignificant (Fi8. 2).
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Fj.Sure 2, Age-dependent differences of
the +Cz-acceleration tolerance in the
IP 2,
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uethod

ExaainationB t.ere Dade on a huoan
centrifug6, which by conputer contlol can
create a clearly defined +cz accelera-
tion in aII atages of the exadination,
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A siDilar age group distribution -
also without a statisticaf significance -
occurred in th6 linesr profile. Whst is
reDarkable is the relativeLy high accele-
ration toLerance of the nore than 4oyear-
old subjects. Anyhow 43 X of theo had not
yet resched their tolerance end point at
1 Gz, lL can be supposed that these sub-
jects not only had the greatest fli8ht
experi.ence but that this ege Sroup was a
positively selected ohe, that neans they
were the nost stable ones es for their
atate of health and their acceleration
tolerance and for this reason, they t{ere
able to naintain their fitness fo. flyin8
up to this age (Fig, 3).

In Fj.8, 5 a review on the frequency
of those toletance criteria that gave
reason to atop the centrifuge exposuie in
IP 2 and in the linear profile is 8iven.
According to this, the nentioned criteris
Loss of the ear pulae aDpLitude (LEPA)
and peripheral li8ht loss (PLL) rrere
applied to 93 X of the cases in IP 2
and to 81 X in the linear pr.ofile. The
other caaes were in the nain a sinus
tachycardia with a heart rate of Dore
than 180 beats/ Dinute. It ia essential
that in most of the cases, that neans in
81 X and in 59 I, respectively, the
objective criterion.Loss of the ear pulse
anpl.itude was the cause to stop the expo-
sure. In the Iinear profite, the
criterion pe.ipheral light loss was
applied to an s'lnost double nunber of
subjects than in the interval profile.
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Figure 3. Age-dependent differences of
the +Gz-acceleration tolerance in the LP, t0 7

As the results of the Linear pro-
file and IP 2 were achieved rith the aeme
subjects, it is poaaible to co[psre then
to each other, This coDparison shows that
in IP 2 54 X of the subjects had not
yet reached thei. tolerance end point
at 5 Gz; in the linear profile, by
comparison, more than 90 X tolersted
rore than 5 Gz, The intersubject var.iabi-
lity was most distinct in the Linear
profile and least in IP 2. In sumnary,
the coDpariaon deuonatrates that the
continuous incaease in acceleration xith
a -Iow onset rate is bettea tolet'ated
th&n interDittently occurring acce-
lerationa ( FiE,4 ) ,

1r8 108 1t0 180
1?

tPz t0

Figure 5.
to lerance

Frequency distri.bution of the
criteria in the IP 2 and LP.

I

Conc I us ions

Regarding the resu.lts of the applied
acceleration profiLes the nunber of sub-
jects reachinE hiEher tolerence values
increased rith the shorte. tine of expo-
sule. The restin8 intervals between the
several increased G-leve1s did evidently
not conside.ably reduce the beginning
fatigue of the subjects. ABe-dependent
differences were statistically not signi-
ficant. The relatively hi.gher accelera-
tion toLerance of the subjects older than
40 years can be attributed to a positiye
selection.
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Acco.dinS to the experience reported
by other investiSatora, the reaulta of
tole.ance exaEinationa are influenced by
the acceleration profile applied, This
Btudy inlorD8 on the reaulta of an exaDi-
nation aeriea' ,hich rraa atarted in ordet'
to find appropriate Dethoda fo! exaDi-
nation and evaluat ion.

Hethod

ExaDinations were Dade on a huDan
centrifuge, which by cohputer control can
create a clearly defined +Gz accelera-
tion in ell atages of the exaoination.

As tolerance criteria we defined
the loss of the pulse edplitude photo-
plethysnoS.aphical ly neasured at the ear-
Iobe, and the peripheral li8ht loss, The
periphe.al liSht loss ,as deternined with
the help of a segEental periEeter, Sub-
jects did not wear any anti-G suit and
were aaked not to [ake use of anti-G
ataaining Danoeuvres, St16ining Danoetl-
vres such a8 the L-1 and the U-1 were
detectod frou the courae of the spiro-
gran, Such casea were not included into
thia study. CaBes, where distinct func-
tional disorders were the reaaon to stop
the centrifuSe exposure r were alao
excluded fron this study.

Results and Di scuss ion

Fi8. I shotrs the percentage of the
c-levels reached in both interval profi-
Ies. As you can aee, in IP I with the
onset rate of 0.1 G.s_r a saDaller per-
centelte of subJects than in IP 2 with
the onaet rate of 0.5 G.s-r reached the
higher c-IeveLs. This al.so concerns the
percentagc of those subiects rrho had not
yet aeached theia tolerance end point'
that rDeans, who could have tolerated Dore
than 5 Gz. In IP 1 this is the case xith
25 I snd in IP 2 lrith 54 X. In accord-
ance lrith the corresponding literature'
we conaider the various tiDes of expo-
su!e, {hich in IP 1 reaulted in an early
fatiSue or exhauation of the regulatory
DechaniaEa in a relatively laiger pa.t of
subjecta, bei.ng the cauae for this diffe-
rence, on the other hand, despite the
higher onaet rate in IP 2' the tiDe waa
obviousLy sufficient for the regulatory
DechanisEa to beco[e effective in nost of
the subjects.
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RESULTS OF EXAMINATIONS OF THE
+Gz ACCELERATION TOLERANCE USING
DIFFERENT ACCETERATION PROFILES
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Figure 1. PercentaEle of the
resched in the interval profiles.

The percentage of the several
G-Ieve16 reached in IP 2 have been
differentiated according to Bge. It is
evident that subjects younger than 30
years rebained under the Dean values of
the total population. Subiects at the
ages of 31 to 35 years and over 40 years,
by coDparison, exceeded the averaEle. But
the age-dependent differenceB were sta-
tistically not aignificant (Fig. 2).
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Figure 2. Age-dependent differences of
the +Gz-acceleration tolerance in the
lP 2.
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subjects rere exposed to thaee acce-
leration p.ofiles. ProfiLe 1 was an in-
terval profil ( IP 1) . It consisted of
accelerations increasinEl in steps of
0.5 Gz, each' starting froD 2 Gz up to
a uaxiouo ol 5 Gz, The onset rate of
acceleratlon arrd the deceleration were
0,1 G.s-r, reapectively. The several.
O-leveIB and thc intervenint interval ol
+1,1 Oz Here auatained 15 aec, each. The
second profile was an interval profile,
too (IP 2), In contlaat to the preceedinS
profiLe' the onset rate r.as 0.5 G.s-r,
the decele.ation 0,3 G.s-1, and the firat
c-Ievel 3 Gz. The third profile !,aa en
acceleration continuously increasinB by
0.1 c.s-r up to ? Gz, at Dost; the
decel.eration was allain 0,3 G. s- r ( linea!
profil r LP).



A siDilar age group distribution -
also without a stetistical siSnificance -
occurred in the Iinear profile. l{hat is
reDarkable is the relstively high accele-
ration tolerence of the nore than 4oyear-
old subjects. Anyhor. 43 I of then had not
yet reached their tolerance end point st
7 Gz. 7t cen be suppoaed that theae sub-
jecta not only had the Elreatest flight
experience but that this age group w&s s
positively selected one, that neans they
rere the nost stable ones as for their
state of health and their acceleration
tolerance end for this reason, they were
able to Daintain their fitness for flying
up to this age (Fi8. 3).

In Fi8. 5 a review on the frequency
of those toleaance criteria that Eave
reason to stop the centrifuSe exposure in
IP 2 and in the linear profile is diven.
According to this, the Dentioned criteris
loss of the ear pulse aitplitude (LEPA)
and peripheraf light loss (PLL) nere
applied to 93 X of the cases in IP 2
end to 81 X in the linear profj.Ie. The
other ceses were in the oain a sinus
tachycardia with a heart rate of nore
than 180 beats/ binute. It is es8ential
that in ooat of the cases, that oeans in
81 X and in 59 X, respectively, the
obiective criterion loss of the ear pulse
anplitude was the cause to stop the expo-
sure, fn the Iinear profile, the
criterion peripheral liEht loss was
applied to an alnost double nunber of
subjects than in the inte.val profile.
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As the results of the linear pro-
file and IP 2 were achieved l,ith the sane
subiects, it is possible to conpare them
to each other. This conparison shons that
in IP 2 54 * of the subjects had not
yet re&ched their tolerance end point
dl 5 Gzi in the linear profile, by
comparison, Doae than 90 Z tolerated
Dore than 5 Gz. The intersubject variabi-
lity was oost distinct in the Iinear
profile and least in IP 2. In auoDary,
the coEperiaon deDonatrates that the
continuous increase in acceleration with
a 1ow onset rate is better tolerated
than interDittently occurring acce-
Lerations (Fig.4 ) .

r88 180 180 188

IP? LP

Figure 5.
to I e rance

Frequency distribution of the
criteria in the IP 2 and LP.

Conclusions

Regardin8 the results of the applied
acceleration profiles the nuDber of sub-
jects resching higher tolerance values
increased with the shorter tiDe of expo-
sure. The resting intervals betrreen the
several increased G-IeveIs did evidently
not considerably reduce the beSinning
fatigue of the subjects, Age-dependent
differences rdere statistically not siBni-
ficant. ?he relatively hiElher accelera-
tion toLerance of the aubjects ofder than
40 yeera can be attributed to a poaitlve
selection.
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Fis,1
NLrmber o{ Mi tochondri a +/-SD

THE EFFECTS OF ETPERGRAVITATIOI, HYPODY-

nlMY t[D THErR Co[BINAlrolI OX T8E QUr]ITr-
TTTTVE UIJTnISTRUCTUNE OT TH3 HEART MUSSIE

oF JAPTrESE QUAIT,

BOZ ER A. x,

JANXEII J.,
BoiA K., crZo u., Dosrir J.x,
srBo v.

In8tltuta of Anlmal Physlology, Slovak
AcadeEy of ScleDccs, IvaBka prl DunaJl,
xPharnaccutLcal Faculty, CoEenlus Un1-
varslty, Br:atlslava, Cz€choalovakla

Nunber nl tocho (Flg. 1). lhe Eoat
m oc r a rera ound ln the pre pamt-
1on oade froo th€ Eyocard of btid 8 loca t -ed 1D tho caatro of th€ turntable ol the

lhe averace elze of n1t ochondrla (r1e.2 ) .
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The soalle8t nltochondrla tr6r€ found ln
group ff (centr€ o? the turntabls ) and
the largcst ln group f, and IV (contlol
and 2 c-hypergravl tat 1on) .

Fiq.:
Aver, Eire o{ t'litochondria +./-5D

fn tha_ycar '198? r€ reported on an ex-periEnt (3) ln rblcb th6-6ff.ct of chro-
n1c acc.l.rratloa of 2 G hypergr:avlta tion rthe hypodytrany and the gltirltiaeoue effeci
of chronlc acc€I€ratlon and the locatlon
1n the cGntre of the turntable of th.
cantrllugr on tb€ protoln fractlons lD
skelctal Euacles ras studled. fh€ ultra-
atructura of the heert muacle tae examl-
n€d aa xell.
f,ATERIII,S AND IETHODS

Japaleae quall cocksralE (Coturnlx co-
tulnlx Japonlca) of aSed 48 days rer. ex-
poEed to 2 c chrollc hypergravl ta t loE(group IV) ln 8 5,4 n dir;cter c€ntrlfu-
tc, to htrpodynaoy (group II) end thelr
combllatlon (group V) respectlvely for 5
d8ys. Thc hypodyneolc 6tetc ln group III
rae achlcved bJr susp.ndlng the 51rd; tn
Jack€ts rlthout contrctlng thc t]oor. On.
group (group fI) was Iocated ln th€ cent-r. of thc turntabl. of tho c€ntrlfu!".
fhe control group (group I) rae kepl un-
der norEal condltlonE. Th€ blrds rire fedrrad llbltuon a comnercial. oa8h prlor to
and durllt the rrperlnente. Ihe-condlt-
lons of the €rperlment are descrlbed in
our plevlous papar (3). In llvE anlnals
froo each gtoup the ultrastructurc of
myocard raa evaluat€d, by the Eethod oftrelbel (4). lor the auanilflcatlo! of thcultrastructule s€rv6d a grld proJect€d
o[ the ultrathln cuta prepared fion th€Eyocerd. 4896 polnts o? the te8t systeE
achl€ved by thls procedure froE each blrd
f,er€ ua.d for calculatlon. Ihls Eethod
cDabl€a to detolmlne the nunber, relatlv€
aLze and voluoe of nltochondrla, volureof slng1e Eltochondrla, de?ftc1;ncy ofEltocboldrlel crlatae, volune ol uvoftb-
1118 xtth e! 6rror ol L5 % at p < -0.O5.
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ge. Ihe lorest ds??lclency tiaa ?ound bottl
1n th€ control group and in the ffouo ex-
poasd to 2 c-hyp€rSrgvlta tlon (gioup'fV).

Fig,4
De+f i c. o+ Mit.
,-at.-.-.---"--,-

Dofflc 1e t mltochondllal crlgta
ta6 nyocard

ol 8.
the blrdE exposed to the slnultaleouaelfect o? hyDod

( Eroup vof the t
lrNAllY
) ana ln glou

rgravl-
1n thc

and2G -hrpe
P II
he c€

tatlon
c6ntre urntable of t ntrl?u-

Cri staP +1-5D

?

7
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2
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c€ntrlfug€ (group II). th€ value raanlflcantly dlfterent froo that of the
slg-

control group (group I) aa re1l as thetof the hypodynany group (group III).

The Physiologist, vol. 33, No. l, Suppl., 1990 s-r4i

tbe lelatlve volune of mltochondrla ln
of

thls paranetor wae obeerved a8aln Ln
troup fI and then 1n group I/ (centre of
the turntabl€ and 2 c-hJrpergrevltstlon).



Rclatlv€ voluns ol ayoftbrlls (I'le. 5).
IB thir carc th€ hypodJrnaEy not cotrbltred
tlth hJrp.rgravltatloa (group fII) Ehorld
tb. hlgb€st val.ue, horovorr aot 818Blf1-
caltIy dlffur€nt troD th6 control group
(group I). Tbe lorrgt valua rera obaer-
ved ln thr group of blrds sloultan€ously
.rpoaed to hypodynany and 2 c-hyporgravl-
tat lon ( Broup V).
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ratc_hlpory and bypobary tn the Hith Tet-
ras (2 ).
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DISCUSSION AND CONCLUSTON

fD our orp€rlaent re trled to alt[ulats
the sltuatlon rhlch occurr at th6 start
of th6 apece c!a!t 1.e, hJrpo r8ravlta t lon,
hypodynany and tholr cotrbr.natlon. lhese
.ffect 16r€ stu.rled Beparately a8 re1l a!
sluultaueously. fn eddltlon the effect ot
th€ locatlo!! of th€ erp€rlnental blrds iB
tha axls of the contrlfugs raa al.so €xanl
a€d. As Japan€ae que1l ls suggested to
lGrv€ aa a aourca o! anlEal protaln! ln
lont terr lpace fl.ltht8 thls 6pec1.s ra!
th. obJectlye ot our study. The blocb€dl-
cal lnvestlg8tlon o? nuaclc protelne (3)
as r!11 as thelr ultraatructure (1) rae
.rtcDd.d by the deterninatlon of the ul-
trastructur€ ol thc h€art muscl€s.

Iu our axperlnents th6 orost expreaslve
ohant.s lD mltocholdrla ol the hsart Bu.-
o1€s arosGd uother the lBlluence of the
coEblnatlon of bypergravlta t lon and hJrpo-
dyaaEy. SurprlslDg rer€ tb. flndlnt8 1n
blrds locat.d h th. cEtrtre of th€ tura-
tabla ot ths catltrlfu8e ( group II). Ths
rosults ot th€ oaJorlty of peranot.rs ol
u1tlartructure are i.n tood colacldanc€
rlth the corticoaterone level ln blood,
thlch 18 on€ of th€ best Earker of atr€ss
Cortlcostcroa€ valucs r.!s h18b€rt partl-
culall, ln th.se groupa (3). ProE the ln-
tarpratetlon ol our lesults ons caa coa-
clude that the diflcreacee ln ths blrdg
orposed to byper8r€vltatLoD and hypodyna-
Ey rerc antlclpatod. But th. conaldorab-
la dofflclency of Eltochondrlel cllsta6
aE r.11 a6 the slz. of nltocbondrla caB
b6 arpl.alned by tbe lact obssrv.d lD the
physlology ot b1!d8 that th€ rotatl.on
arould thelr orD arLs ls ea lnportant
atrass factor lD blrds. In troup II such
a rotatlon arould tbe ora 6x1s aroa€d. Itl
lltarature no avallablo lnfomatlon about
tbc lE lue[cc ol th€ cooblDatlo! ot hy-
por8ravltatlon and hypodytraEy on th€ ul-
trastructure of tb. heart ousclG could
bc tound a[d h€nc. 1t tas posslbl. to
conpare our !.aulta ti.th thoss 1n other
papcr!. fhesa chang68 reolld ua Ln oanJr
a ray of our origllll flDdiDgs oD the uL-
tEatructuro ol tb. oyocard uBdar eondit-
ions of elplns accllEatltatloa at a ooda-



thls systen obeys the fundamental eguatlon
for deformable systems (Momentum equation)

STRTSSES IN TBE BRAIN MASS .tr}ID IN TBE
PERIPIIRAL T'.UIDS ONDER EZ
ACCII.IRITION. SIUDY OE T SIUPLE
xoDtL .

P . LIEBAIRT, D. GAAFIE, P . QT'AIIDIEU

D.R.E.I.
26 , Boul,evrrd vlctor
75996 , PIRIS lra6es

TNTRODUCI I O}I

The effects of high level + cz
acceleratlons on plLots have been sludied
fo! a long tlne.Wj.th gradual onset rate
(GoR), symptons are a narrowing visual
fleld, follored by grey and black out.fhese
synpCons are rrelI accounled for by a
hllpoxic etlology.
WIth rapld onset rate (ROR) accelerations,
Lt seens that altelnative explanations fo!
the observed phenomena ( i.e. lack of black
ouE ) have to be consldered,
fn this paper,we shalL show how a very
slnpfe nodel allows a purely mechanlcal
explanat.lon to be contemplated.

DESCR PIIIOII OF lIEf IIODEL

The mechanical systen considered is the
following : the brain is considered as a
vlsco-ebs tic mass surounded by viscous
flui.d ( cerebro-spinal fluid ) in a rigid
envelope ( the skull ), as shown in fig.1.

uhere P 19 the local volunj.c nass.U the
speed at one given point of the systetn,E
the stress tensor and f the denslty of
exterior folces per nass unlt.
whether we conside! the fluidlc o! the
solLd part of the system, re have a

dlfferent addltlonal !e1atl.on between E
and the gradient of U.In the case of the
cerebro-spLnal fIuld, we assume 1ts
incompres sibi I1ty and therefore add a nass
conservation equation :

Pdu,/dr=divt+Pf

dtwU-0

t (G+Jt)

These two equations are to be solved for
every single poi.nt In the mechanlcal.
structure, and the consequent mathenaticaf
plob1em is by far too conplex ( in the case
of the geornetry of the hunan brain ) for an
exact mathematlcal solutlon -

This is why we made the fol1owj.n9
assumptl.ons.

- the brai-n mass is to be considered as a
cylindre,thus leaving onty one space
variable for the momentum equation in the
case of the brain nass ( a1on9 the z axis )
and two variableg for the equations in the
case of the fluid ( z axls and radiua ) .

- slnce the study of the interactions
between solid and fluid is also very
complex, rre shall flrst give results for tr{o
linit cases (solid or fluid alone),leaving
the study of the lnteractions for a further
step.

DESCRIPTION OF IEE TWO LIUIT CASES

in both cases,the exterior forces will be
supposed to vary linearly r'j.th
tlne, following the relati.on

tz)
trar

fr* d

fig. 1

( G is the standald gravity and ,J = dc/dt )

Firrt c.!. ( Solid alone )

In this case,the additional reLation
between E and U has the folowing form I

E-Edu/dz + ! d2u/d,zdt

lrhele E is Young's nodulus fo! the brain
tl.ssue and P the vlscosity.

wlth these hypotheses. the equatton givlng
the defornatlons of the solid could be
solved exactly,but since Ln two or three
dinensional cases thls wiII not be possible
anynore, a nutne!ical sotution has been
obtained.The lesults are summarised on two
glaphs.

6t^n
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P(r)=-3mv(R2-r2)/h3

fron which we obtain , after nune!ical
resolution, the i.nclease j.n the pressure in
the fLuid.

in fig.4 ls shown the maxLrnun preagure lD
the f1uj.d ( obtained fo! r - 0 ) versus
time.On the glaph are shown the sane twc
thlesholds as in the filst case.

F

f !9.2

ln fiq.2, the graph sholrs the sttess at the
base of the brain st.ructure versus time in
two situations ( i.e. GOR and ROR ),Two
typical thresholds are shown (i.e. bfood
pressure iD the veinous compartment and in
the jugular vein.

150

Q,oR)

fig 3

in fig.3,the deformation of the structure
at diffelent values of z 1s shown versus
time in the case of ROR acceleratlon.

Seeond case ( fLuid alone )

In this case ( in which we consider an
lnfinite value for Youngrs modulus in the
brain t.lssue ) , the additional relaEion
between , and U is the following :

p gladu + P

where U. is the viscosity of the fluid and P

the pressule.

If we consider a thin filn ( thickness h
small compared to radius R ) ,and neglect
the acceleration of the fluid.we obtain a
relation between the pressure distrlbutlon
in the fluid and the vertical speed V of
the upper surface of the ffuid :

These results, obtained ln two extrerne cases
show that the stless and defornatLon levela
reached in ROR accelelation slmulatlons are
ir[portant enough to lead to phenonena such
as blood vessels collapse,at least as long
as veins are concerned.
of course,the model desclibed here is by
far too crude to have any other value than
a sinple warning ( i.e. GLOC may indeed
have other causes than hypoxla ln celtain
cilcunstances ).This is $hy another nodel
was developped, taking into account a nore
conplex qeometry for the brain struclure
and the interactlons between solid and
nelghbouling fluid.we expect to have more
precise predictions frorn this model,and t.o
realise an integration with Mr GAFFIETS
mathematical nodel for blood fIor{s.
described in the same issue.

3

J',,'

After integration of P atong the radj.us,we
obtain the total force F applied to the
solid by the fluid,Knowing the relation
between the gravity forces and time,we
obtaj.n the equation for the movenent of the
solid(totafmassM):

s- !,16

M d2h/dL2 E +Mf

l^r^/
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RESULTS OF EXAI'INATIONS OP THE
+Cz ACCELERATION ToLERANCE USING
DIFFERENT ACCELERATION PROFILES

ResuLts and Di scus s ion

Fig. 1 shor.s the percenta8e of the
c-Levela reached in both inte.val p.ofi-
leB. Aa you can aee' in IP I rith the
onaet rate of 0.1 C.s_I a sEaller Per_
centage of subjects than in IP 2 with

In6titute of Aviation Medicine 'Koenlgsbrueck, GDR

Accordin8 to the experience reported
by other investiEators, the resulta of
tolerance exaDinatlons are influenced by
the acceleration profile applied. Thig
atudy inforDs on the reaults of an exaoi-
nation Beriea, Hhich was stdrted in order
to find appropriate Eethods for exaDi-
nation and evaluat ion.

ue thod

Exarinetlona were lrade on a hulan
centllfugc, rrhich by corputer control can
create a clearly defined +Gz acceler6-
tion in all ataBes of the exaoination.

subjectg uere exposed to three acce-
IerEtion profiles, PlofiIe I i.as an in-
tervaL profil (IP 1). It consiated of
accelerationa lncreasing in steps of
0.5 cz, eachr starting froD 2 Gz up to
a Daxi[un of 5 Cz, The onset rate of
rcceleratlon and the deceleration were

.1 G.s-r, reapectively. The severaL
-Ievel,g and the intervening interval ol
1.1 Gz were suatained 15 aec

the onset rate of 0.5 c.
hiEher G-IeveIe. This a]
percentage of thoBe Bubjec

r reached
conceans

I,ho had

the
thc
not

1l

yet reached thei. tolelance end point,
that Deans, who could have tolerated Dore
than 5 Cz. In IP 1 this is the cese with
25 x and ln IP 2 with 54 x. In accord-
ance nith the corresponding fite!:ature,
we consider the varioua tines of expo-
sure, rhich in IP 1 resulted in an early
fatiBue or exhaustion of the regulstory
Dechanisns in a relatively lsr8er part of
aubjects, being the cauEe for this diffe-
rence. on the other hand, deapite the
higher onset rate in IP 2, the tine r,aa
obviously sufficient for the regulatory
Eechanisns to becoue effective in Dost of
the aubjecta.
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Figure 1. Percentage of the
reached in the interval profiles,
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the deceleration 0.3 C.s-1, end the firat
C-Iev6I 3 cz. The third profile va8 an
accelcration continuously increasing by
0.1 G,e-! up to 7 Gz' at .oat; the
deceleration na6 allain 0.3 G.s-! (linea.
profil, LP) .

As tolerance criteria ,e defined
the loas of the pulse aDplitude photo-
plethyanographical ly neasured at the ear-
Iobe, end the peripheral Light loss. The
peripheral liSht Ioss r.Es deternined with
the help of a seSlDental perineter. sub-
jects did not rrear sny anti-G suit and
were aaked not to nake use of anti-G
streininS Danoeuvres. Straining [anoeu-
vres guch a8 the L-1 and the ll-1 were
detected lroE the courae of the spiro-
Brau. Such caaea wele not included into
thia study. Caaea, where distinct func-
tional dlsorders were the reason to EtoP
the centri fu8e expoaure, were also
excfuded froE this study.

The peicentage of the aeveral
c-levela t'eeched in IP 2 have been
differentiated according to 8ge. It i8
evident that subjects younger than 30
yeala renained under the [ean vslues of
the total populetion. Subiects et the
ages of 31 to 35 yeara end over 40 yeaast
by conpariEon, exceeded the averaEle. But
the age-dependent differencea were sta-
tistically not significsnt (Fi8. 2).

second profile t,as an interva
too (IP 2), In contrsst to the
profile, the onset rate was

, each, The
I prof i le,
preceed ing
0,5 c.s-r,

t8s
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FiSure 2. Age-dependent differences of
the +Gz-acce Lerat ion tolerance in the
7P 2.
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A si[ilar age Sroup distribution -
also without a statistical significence -
occurred in the linear profile. What is
reEarkable is the relatively hiSh accele-
r&tion tolerBnce of the raore than 4oyear-
old subjects, Anyhow 43 X of theo had not
yet reached their tolerance end point at
7 Gz, lt can be aupposed that these sub-
jects not only had the greatest flight
experience but that this age llroup was a
positively selected one, thst means they
were the nost stable ones as for their
state of heafth aad their acceleration
tolerance and for this reason, they were
able to maintain their fitness for flying
up to this age (Fig. 3),

In Fi8. 5 a revierY on the frequency
of those tolerance criteria that gave
reason to stop the centrifuge exposure in
IP 2 and in the linear profile is given.
AccordinEl to this, the fientioned criteria
Ioss of the ear pulse eEplitude (LEPA)
and peripherel light loss (PLL) were
applied to 93 X of the cases in IP 2
and to 81 I in the finear profile. The
other cases were in the Dsin a sinus
tachycerdie with a heart rate of nore
than 180 beats/ minute. It is essential
that in Dost of the cases, that means in
81 * and in 59 X, respectively, the
objective criterion losa of the ear pulse
amplitude r{as the cause to stop the expo-
sure, In the linear profi.Ie, the
criterion peripheral light loss wa's
applied to an almost double nunber of
subjects than in the interval profile.
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FiSure 3. Age-dependent differences of
the +Gz-accel.eration tolerance i.n the LP.

As the results of the linear pro-
file and IP 2 were achieved rrith the same
subjects, it is possible to conpare then
to each other. This comparison shows that
in IP 2 54 X of the subjects had not
yet reeched their tolerance end point
at 5 cz; in the ]inear profile, by
conparison, more than 90 % tolerated
nore than 5 Gz. The lntersubject variabi-
lity was most distinct in the linear
profiLe and Ieast in IP 2. In sunmary,
the coDparison deuonstrates that the
eontinuous increase in acceleration t.tith
a -Iow onset late is better tolerated
than interEittently occurring acce-
lerations ( Fig.4 ) .

180 188 108 180

IP? LP

Figure 5.
tolerance

Frequency distribution of the
criteria in the IP 2 and LP.

Conc 1us ions

Regarding the results of the applied
acceleration profil.es the number of sub-
jects reaching higher toferance values
incleased with the shorter tine of expo-
sure. The resting intervals between the
several incre&sed G-Ievels did evidently
not considerably reduce the beginning
fatigue of the subjects. Age-dependent
differences llere statistically not signi-
ficant. The relatively higher accelera.-
tion tolerance of the subjects older than
40 years can be attrlbuted to a positive
selection.
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Fiq,1
l.llrmber o+ l'ti tochondr i e +/-SD

fHB EFI'ECTS OI' EYPERGRTVIIATIOII, EYPODY-

[AMr ll{D THErR CoUBIXABIoI OX THE QUTXTT-
TATWE UITRISIRUCTURE O! TEE EEIRT MUSCTE

OT JA PA1TESE QUA IT

Bozr{BR r.x, Boir K., Grio M., msTil J.x,
JrntrEl/t J., SlB0 V,

fnstltut€ of A!1EaI Physlology, Slovak
Acadeny of Sclaacas, Ivaaka prl DruxaJl,
xPharneccut lcal. traculty, Cotsenlus U!'l-
vcrslty, Bratlslava, Cz€choslovakla

I! the y.ar 1987 re report€d on an ex-perlrBnt (3) tn rhlcb th€-ot!.ct of chro-
n1c acc.I.ratlo[ of 2 G hyporgravl ta t1on,
tbo hypodl,'aetry aDd the sLmultanaous effeet
of cbroalc acc€loratlon and thc locatlon
1n the ccntre ol the turntable of the
csntrifutr oE tb€ protaln fractlons 1a
8k€lcteL muscl€a rEB studled. Tho ult"e-
atructurs of th€ heart muacla raa cxaml-
nad aa rell.
IIATERI.AIS AND UETHODS

the averaAe elze of nltochondrla (Its.2).
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The smaLlost nltochoDdria f,€rs found ln
Sroup If (centre of the turntable) and
th€ largest 1n Broup f, and fV (control
and 2 G-hyperSravl tat 1on) .

Fiq.?

24.--
1A
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l- rl
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Ei:e o{ l"litochondria +./-5D

6

7
o

T relatlve voluBe of mltocho rla I
cy op asma c. ' !h€ htghest value of

JapaaesG qualI cockorals ( Coturn
turnlx Japonlca) of aged 48 daye re
po8ed to 2 G chrollc hyperg:rvltatl
(group IV) ln a 5.4 m dlanater cengc, to hypodynaoy (group II) and th
comblratlon ( group V) reBpectlvely
day8. fh6 hypodynamlc atate ln grou
ras achl.ved by guspendlng the blrd

lx co-
ra ex-
otl
tr1?u-

Jackets rltbout contactlng th. ?1oor. On.
group (group fI) wag located 1n the cent-
ra of tbc turntabla ol th€ centrlfuEa.
lhe cortrol group ( group f) raa kcpf un-
der norDal condltlonE. The blrds ,ere fed
"ad llbltuor a conaercial Eaah prlor to
and durlut tho 6rperiment8. the condlt-
lons of ths €rperlne[t ar. de8crlbed ln
our pr€y1oua paper (3). In flv€ anlEals
fron each troup the ultrBatructure ol
nyocerd raa evaluatedr by the Bsthod of
felbel (4). For th€ quantlflcatlor of the
ultraBtructur6 aerved a glld proJected
on the ultr€thln cuta prepared lron th€
Eyocard. 4896 potnts ol th€ test systeE
achlev€d by thls procedure from each blrd
ror€ used for ca1culatlon. Thls Eethod
eDables to determlne th€ nunberr r€Iatlve
alze end voluae of mltochondrla, vo),ume
of slngl.e Bltochoadria, defflcl€ncy of
oltochoBdrlal crlata., voluns of nyoflb-
!118 rlth an orror o? 15 % at P < 0,O5.
REST'ITS

thls paraneter was observed agaln ln
group ff aDd then 1n group W (centre of
tha turntabl€ and 2 G-hjrpe rgrravtta t lon) .
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Fi q.3
Relat. volume of Mitochondria +/-SD
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Deffl lsEc I mltochondrlal clista
a. ra8 a a n c E ocard

Hi t. Cr i stae +/-SD
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of th€ blrds expoeed to the ar.oul.taneour
e?fect ol byDodynaEy and 2 G-hypergravl-
tatlon (group v) and ln group If ln thc
centre of th6 turntable of the c€ntrlfu-
Be. [he lorcst dsfflcl€ncy raa found botir
la ths control group and ln tho Eloup ex-
po86d to 2 C-hypargrsylta tlon (group IV).

Fis,4
De+{ i c. o+
.a{,.---.---

ilItoc Eotd n[a r.rc :foulrd ln th6 preparat-
lon oaile from the nyocard of blrds locat-
.d l! th6 ccntE of the turntable of th€
c€ntrifuge (group 1I). The value was s1g-
Dlflcantly dlfferont froo that of the
control group (group I) ae re1l as thet
of the hypodynaay Broup (group III).

NuEber ol ol to chondrla (Flg. 1). Tbe Eost
I
a

6
s
4
3
z
.t
0
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In thi.s cas. t
rlth hJrllrlgrar,
thr hlghast va
caDtIy d lffere
(group f ). The

1t
Lue horeY€ri no

hlrpodJmany !o
atLoa ( gloup I

(Ftg.5).
t coublu€d
ff ) .horcd
t slg!111-

tlve voluae ol 1b!1 rate_hypoxy and hypobery 1n tho Elgh Tat-
raa (2).
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DISCUSSION AND CONCLUSION

Itr our axp€rloent re trled to alDulatg
th€ sltuatlon f,hich occura at the start
of th€ Epace craft 1.e. hjrpe rgravlta tlon,
hypodyD.aoy and tb.lr coEblnatlon. Tbeae
rff€ct 1610 Btu,rled separately as r€11 a!
rloulteneously. In addltlon th€ et?ect of
the locatlon of tbe arporloental. blrd8 ln
tbe axls of the centrlfuge ,aa alao sxaml
aed. A6 Japenes€ qusll, 1s euggeated to
lcrve a! a aource of anloal protalas ln
long ter:n space lll8hts thls specles ,a.
the obJ€ctlve of our 6tudy. Th€ blocb€nl-
cal lnvestlgatlon of Euscle protelne (3)
as ro11 as th€1! ultraatructure (1) rag
.rtend.d by th. d€telolnatloD of the u1-
tragtructurs of tha healt nuecleg.

In our atperlments tha nost expr€sslve
ohange8 1tr oltocbondrla of the hoart ou!-
oI€a arosad uather th6 lafluence of tho
conblDatloa of hypergravlta tlon atrd bypo-
dyrany. Surp]rlslng rcrc tbc flndlngs in
b1!d8 locatad ln thc centle of tbe-tura-
table ot tbs o€BtrLfuge ( 6roup II). lhe
r€aulta ot th€ osJorlty of paranetc!8 ol
ultraatructuto ar€ 1[ good colncldsno€
rlth the cortlcoateroao level Ln blood,
rhlch ls ou6 of the bost [arkor of strese
Coltlcostclotte yaluas rer€ hlgbert p8rt1-
cul,arlJr lu thcge groupa (3). Fron thc tn-
tarpratatloD of our reauLts onc catl con-
cludo tbat the dl??creDc"B 1D the blrd!
.rpoa€d to hyDerglavltat 1o! end hypodlma-
alr f,€r. antlclpat.il. But th. consldolab-
lc drfflclency ol mltochondrlal crlstae
as f,eII aa the slze of nltocboldrla cer1
b€ .xplaln.d by ths fact obsere.d ln the
phy8lology of blrds thst tho rotatlon
alou.Dd tbeh ora axls ls ea lEportant
atlesa factor 1D birds. fn Sroup ff guch
a rotatlon alound th€ ora axls aloaed. In
lltorature !o ava11ab1e lnloroatlon about
tb6 lnflusacc of the cooblDatloB ot by-
prrgravltatloD and hJrpodlmeny oD the ul-
treatructuro of the h€alt ouscla could
br fourd ird hencc lt raa posslble to
compa!€ ou! rc6ulta tith thoac 1B othsr
papera. lheae chaatsa remlad ua iB oany
a raJr ol our orlglDrl flndlD8! oE tbs u:.-
trastructure of thc Eyocard u1d.r condlt-
lons of alpln€ accllEtlzatlo! et a Eodo-

S,I44



ThIs system obeys the fundamental equation
for deforrnable systems (Momentun equatj.on)

STRISSES IN TE BRttN liI}SS llID llf IEE
PESIPEER}I. TLUIDS UNDER EZ
lccrLERtTrot{. sroDr or l srl{PLE
xoDll .

pdu,/dt=divr+pf

divU-0

P . LIEBATRT, D . GI,rEtE, P . QU.trNDIEU

where P Is the loca1 volunLc hass,U the
gpeed at one given point of the system,E
the atress tensor and f ttle density of
exterl.or forces per mass unlt.

whethe! xe consider the fluLdlc o! the
solld part of the systen, we have a
dlffelent additional !elatlon between E
and the gradLent of O.In the case of the
cerebro-spinal fIuid, se assutne its
incompres slbi lity and therefore add a nasa
conservatlon equation :D.R.t.I.

25,Boulevtrd
75996, PARrS

Vl,ctor
l!o6es

I}TTRODDCIIOX

The effect.s of hiqh leve1 + Gz
acceLerations on pilots have been studied
fo! a long time.With gradual onset rate
(GOR) , symptons are a narloiring v1sual
field,followed by grey and black out.These
synpt.oms are well accounted for by a
hlpoxlc etiology.
wlth rapid onset rate (ROR) acce.Ierations.
lt seerls that alternative explanations for
the observed phenomena ( i.e. Iack of black
out ) have to be considered.
In this paper,\{e shalL shor{ how a very
simple nodel allorrs a pule1y mechanical
explanatj.on to be contempl.ated.

DESCRIPTION OF TEE MODEL

The nechanical system considered is the
fol.Iowing : the braln is considered as a
vlsco-eAs tic mass surounded by viscous
fluid ( celeblo-spinal ftuid ) in a rigid
envelope ( the skull ), as shovrn in fig.1.

tz)
5Lfr

These two equatlons are to be solved for
evely single point ln the nechanlcal
structule, and the consequent nathematlcal
problen is by fa! too conplex ( l-n the case
of tbe geonetry of the hunan braln ) for an
exact mathenati.cal solutlon.
This is vrhy lre made t.he foIIo!,ing
assunptlons,

- the brain nass ls to be considered as a
cy.lind!e, thus Ieaving only one space
valiable for the nomentum equation in the
case of the braln nass ( a1on9 the z axis )
and t.!ro variables for the equations in the
case of the fluid ( z axis and radius ) .

- sj.nce the study of the interactions
between sol1d and fluid is also very
conp.Lex, we shall first give lesults fo! trro
Iimit cases (solid o! fluid alone),1eavj.ng
the study of the interactions for a further
step.

DESCR PTTON OF TFF TWO LII'IT CASES

i.n both cases,the exterior forces will be
supposed Uo vary l1near.Ly with
time. follolring the relation

f =- ( c+Jt )

( G ls the standard gravlty and J dcldr )

Flrst c.!. ( SoLid alone )

in this case, the additional relation
bet!,een E and U has the folowing form :

E EdtJ/dz+Vd2u/dzdE

Hhere E i9 Young's modulus for the brain
tl.ssue and P the vj.scositY'

wtth these hlpotheses, the equatlon glving
the defornations of the soIi.d could be
soLved exactly.but slnce I'n two o! three
dlmensional cases thls will not be possible
anymo!e. a nume!ical sofution has been
obaalned.The results are summarised on two
9laphs.

PL-d

fig. 1

(x l

8a*^
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t^""/

f i.s 3

P(r)=-3mv(R2-r2)/h3

flon which we obtain , after nunerlcal
!esolution, the inclease j.n the pressure j.n
the fluid.

tn ftg,4 ls shown the maxinum plegsule ln
the fluid ( obtained for r = 0 ) versus
tine.On the graph are shown the sane twc
thresholds as in the first case.

(ex.

t,

tig .2

in fig.2, the graph shows the stress at the
base of the brain stlucture versus time in
two situations ( i.e. GOR and ROR ).Two
typical thresholds are shown (i.e. blood
pressure Ln the veinous compartment and in
the Jugular veio.

150

Qoe

3

J.,l

CONCLUSIONS AND FURTHER DE\/ELOPMENTS

These resulEs, obtained in two extrene cases
shoer that the stress and deformation Ievels
reached In ROR acceleration sinulat.Lons are
impoltant enough to lead to Phenonena such
as blood vessels collapse,at feast as long
as veins are concerned.
Of coulse,the model described here is by
far too crude to have any other value than
a sinple warning ( i.e. GLOC nay lndeed
have other causes than hypoxia in certain
circumstances ).Thls is trhy another nodel
was devefopped, taking into account a more
complex geornetry for the brain structure
and the interactions between solid and
neighbouring fluid.we expect to have nore
precise predlctions flom this nodel,and to
realise an integration with Mr GAEFIE's
nathenatical model for blood fIol{s,
described in the same issue.

t

in fig.3,the deformatlon of the structure
at different vaLues of z is shown versus
tine in the case of ROR accelelation,

t p gradu + P

where p is the viscosity of the fluld and P

the pressure,

If we conside! a thin film ( thickness h
smalL compaled to radius R ) .and [eglect
the accelelatj.on of the fluld,lre obtain a
!elation between the plessule distlibution
in the fIuj.d and the vertical speed v of
the upper sulface of the fLuid :

After integration of P along the radius,we
obtain the total foxce P applied to the
solid by the fluid.Knowing the relation
bet$een the gravity fo!ces and time,we
obtaiD the equation for the movement of the
solid(totalmassM):

S.I46

M d2n/ dt2 P+Mf

I((oai 
I

L

Sgqlrd_Calg ( fluid alone )

In t.his case ( in which !,re conslder an
infj.nite value for Young's rnodulus in the
brain tissue ) , the addit.ional rel-ation
between t and U is the following :



cxtent in controls and +Cz traincd baboons. Conversely,

chanscs in rclaxation and contraction-relaxation coupling
wer€ significandy differcnt (tablc 2 : mechanical indiccs at 7,5

mM [Ca2+lo at€ exFess€d as percentage ofrefercnc€ values

at 2.5 mM [Ca2+]o ; conEols and +Gz trained animals werc

compared using tre utlpaiEd Studem's t tcst after ANOVA ;

* : p<0.01).

DISCUSSION

Our snrdy showed modificarions of intrinsic contrdcrility affer

+Gz acccleration training in baboons . The significant increasc

in TPS and TPF obscrved in trained baboons (table 1),

suggests abnomalitics in excitation-contracdon coupling. The

modified Ca2+ rcsponsivencss in +Gz trained baboons

prcdoninatcd on indiccs of both rclaxation and

conEaction-relaxation coupling. Thc higher value of Rl at

?.5 mM tca2+lo in trained baboons as compared to conEols

suggcsls alterations of Ca2+ scqucstcring membranc systems

(Circ. Res.6l : 107-116, 1987). Papillary musclcs were

studicd two days aftcr thc last training session , and this

suggests that nrchanical modifications were pcrhaps chronic.

Increascd Cz has bccn found to induce sevcral dtcct and

iodircct cardiovascular hcmodynamic effects . After +Gz

acccleration, thc decreasc in prcload and in atrial and

ventricular diastolic pressure may be due to blood

redisributioo. Gz acceleration is followcd by blood pooling

in thc legs . Gz taining induces a fall in right atial prcssurc ,

aortic flow and left ventricular end diastolic pressure ( J.

Appl. Physiol. 43 :765-769.), all,d cardiac output (Aerosp.

Mcd. 3l : t17-E34 ; Acta Physiol. Scand. Suppl 276 : l-61 ;

Respir. Physiol. 62 : l4l-151.)- During cxposuc to +Gz ,
both the loss in vcnous rctum and preload may pady explain

the decrease in cardiac output. Chronically repeated

hemodynamic alterations induced by +Cz accclcration may

cause myocardial cellular damagc. Funher histological,

biochemical, metabolic, elccEophysiological and mechadcal

studics arc rcquired to undcrstand thc effects of +Gz

acceleration exposu€ on intrhsic cardiac behavior.
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INTRODUCTION

Exposure to +Gz accclcratioa has bcen shown to
inducc various dircct and indfuect transitory hemodynanic
cffecs , panicularly on venous Etum, preload , afterload and
cardiac output . However, il is llot known if +Gz raining
does or does not induce chronic modifications of iltrinsic
mcchanical propcnies in isolsted cadiac musclc. In ordcr to
answcr this qucstion, baboons were submined to downward
hcad-b-foot graviio-incfiial forcc and mcchanics of left
vcntricular papillary muscles of Gz traincd animals werc
comparcd to thosc of control baboons.

METHODS

Accclcration (+Gz) Eaining was pcrformed on four baboons.

Each baboon was ancsthctized (keumine IM,l0mg/kg) and
placcd in the gondola of a centrifuge and was horizontaly
seated thc he3d toward tre rotational axis, Thc ccntrifuge of
thc "Ccnrc d'Etudes ct dc Rccherchcs de Mddccine
Adrospatialc" (CERMA) provided a radial acceleration of up
to +loc maximum , with a jolt raogcd from 0.5 to 2clsec.
Thc downward hcad-lo-foot grrvib-incnial +Gz forcc was
imposcd on thc baboons in accordancc with the fouowing
protocol : +lcz during 15 to 30 seconds, the[ a sustained
EGz levcl duriag 30 seconds ; the jotr was lc/scc. Thc
cenfiirge faining consisted of 3 consecutive runs ar +gc4 2
times a weck for 3 months. At the moment of traini[g, the
baboons wcre not anesthctized. Body wcight of trained
animals was 9.5 * 0.4 tg bcfore +Gz protocol and 9.3 t 0.5
kg after + Gz protocol. Four control animals were also
invcstigated. Age ranged ftom 3 to 4 ycars both in conEol afld
traincd baboons.

Cardiac nrchanics proccduc :

Thc four baboons werc sacrificcd two days aftcr the last
centrifugc training . Each animal was ancsthetized by mcans

of keumine IM (l0mg&g) ard placcd on a sugical table. The

baboofl was $erl htubatcd and ventilacd with rcom &t. Aft€r
a thoracotomy through the fourth intercostat spacc, the
pcricardium was excised, the geat blood vesscls clampcd

and thc hean rapidly exmctcd from the thonr. Six papillary

muscles wer€ excised from the left vendcle of thc 4 tmined
animals. Six left ventricular papillary muscles of four conuot
baboons were also siudied. Each papillary muscle was
quickly removed and venically suspendcd in a bathing
solutior containing (in mM) : Nact 118, Kcl 4.7, Mg

SO4.7H2O r.2, KH2PO4 l.l, NaHCO3 24, CaCl2.6H2O

2.5 and glucose 4.5. Thc IGcbs-Ringcr solution was bubbled

vtithgs% OZ-'%COZ, at 29"C, giving a pH of 7.4 . Papillary

muscles w€r€ clectically stimulared with rcctangular puks of
5 msec duration by means of two platinum €l€ctrodes at 8

stimulation frequency of 12 beats psr minutc. All cxperim€ns

werc performed at Lmax, the initial length corresponding to
the apex of thc length-activc tcnsion curvc. Mechanical

panuDetcrs were successively rerorded at 2.5 and 7.5 mM

extra-cetlular calcium conccntradon ICa2+]o.Mechanical

parametcrs wcrc determined from 3 twitches. Tv/itch I was

loaded with prcload only. Twitch 2 was ab,rupdy clamped to

zeroJoad just after thc electrical stirnulus. Twitch 3 was

entircly isometric. Vmax and maxVc (Lmax/sec) wcrc the
peak shortcning vclocity of twitchcs 2 and I rcspe.ctively. AL
(%Lmax) vas thc pcak amplitudc of twitch I and was reached

al time-to-peak shortcning TPS (mscc). \Flmm2 (gtmrn2)

was the isomctdc force normalizcd per cross-sectional area,

and was reached at dm€-to-peak forcc TPF (mscc). The

indices + and - dF.dt-lmax. mm-2 (g&Dm2lsec) werc the

positive and ncgative peak force derivativcs of twitch 3,

normalized per cross-sectional arca . maxvr was the pcak

lengthcning velocity of twirch 1, and tl/2 (mscc) the time to
half -rclaxation of nvitch 3. Rl was thc ratio of rnaxvc to max

Vr, and R2 the ratio (+dF.dr I max) / CdF.drl max) .

Thcse two ratios quantificd thc coupting between contraction

and relaxation at low and heavy load respectively. The

electonic devicc and force randucet have bcen prcviously

described (Ctc.Rcs.56 :331-339, 1985).

RESULTS

The mechanical resuhs obtaincd ftom controls and trained

animals at 2.5mM[Ca2+]o are summarized in table 1 .

Mechanical indicrs in conuols did not significandy differ from

thos€ obs€rved in tsained animals exceptcd for TPS, TPF and

R2. In table l, data arc cxpressed as rncan +SE ; conrols alld

+Cz trained animals wcre compared using thc unpaired

Student's t t€st afrcr ANOVA, + : p<0.01). Muscle Ca2+

rcsponsivelcss was testcd by incrcasint [Ca2+]o from 2.5 to

7.5 mM. Thc percenlagc incrcase in myocardial pcrformancc

was signihcant in cach group (p<0.001), and was of simular

I,IECHANICS OF CONTRACTION AND RELAXATION IN

PAPILLARY I4USCLES OF HEALTHY AND CENTRIFUGATED

BABOONS.
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INTRODUCTION

Exposure to +Cz acceleration has been shown to
inducc various dircrt and irdLrct transitory hemodynamic

effects , particularly on venous rEtum, prelosd , afErload and

cardiac output . Howcver, it is not known if +Cz t-aining
does or does noi induce chronic modifications of intrinsic
melhanical propenics in isolatcd cardiac musclc. tn order to
answcr this question, baboons werc submined to downward
hcad-to-foot gravito-ilcrtial forcc and mcchanics of left
ventricular papillary muscles of Gz Eained animals were
comparcd !o thosc of conEol baboons.

METIIODS

Accelcration (+Gz) training was perfom€d or four baboons.

Each baboon was anesthetized (ketamine IM,lomg/kg) and

placcd in the gondola of a centrifugc and was horizontaly
sate4 the head toward the rohtional axis. Thc ceno:ifuge of
thc "Ccntre d'Etudcs ct de Rccherchcs dc Mddecinc
A6rospatialc" (CERMA) provided a radial acccleration of up

o +lOG maximum , with ajolt rangcd ftom 0.5 to 2clsec.
Thc downward head-to-foot gravito-incnial +Gz force was

imposcd on the baboons in accordancc with thc following
protocol : +lcz duing 15 to 30 scconds, then a sustained

tGz levcl during 30 s€conds ; the jott was lc/s€c. The

ccntrifuge training consisted of 3 consecutive runs at +8G2, 2

times a wcek for 3 months. At thc moment of tsaining, the

baboons wcre rtot sncsthetizcd. Body weight of trained

anima.ls was 9.5 10.4 kg beforc +Gz protocol and 9.3 * 0.5

kg after + Gz protocol. Four control animals wcrc also

invcstigated- Age rangcd ftom 3 to 4 ye3rs borh in control and

traincd baboons.

Cardiac rnechanics pracduc :

Thc four baboons werc sacriliccd two days after the last

ccnrifugc raining . Each animal was anesthetizcd by means

of lctaminc IM (lomg/kg) and placed on a surgical tablc. The

baboon was then innrbatcd and ventilated with rcom air. After
a thoracotomy through thc fourth iltcrcostal spacc, the
pericardium was excised, the great blood vesscls clamped

and the hefi rapidly extacted hom ihe thonx. Six papillary

muscles werE exciscd from thc lefi ventricle of thc 4 trained

animals. Six lefr vendculat papillary muscles of four control
baboons were also studicd. Each papillary muscle was
quickly rcmoved aDd vcrtically suspended in a bathing
solution containing (in mM) : Nacl I18, Kcl 4.7, Mg

SO4.7H2O 1.2, K12PO4 1.1, NaHCO3 24 , CaA2.6H2O

2.5 and glucosc 4.5. Thc Krebs-Ringer solution was bubbled

wtthgs% O2-5%CO2, at 29oC, giving a pH of 7.4 . Papillary

musclcs werp electrically stimulated with Ectangular puls€s of
5 msec duration by means of two platinum elccEodes at a

stimulation frequency of 12 beats p€r milutc. All experimeas

wcre Pcrfolmed at Lmax, the initia.l lcnFh corrcsponding to
the apex of thc lcogth-active tension curve. Mcchanical

param€tcrs were successively recorded at 2.5 and 7.5 mM

cxtra-cellular calcium conc€ntration [Ca2+]o.Mechanical

parameten werc determincd ftom 3 rwirches. Twitch I was

toadcd with preload only. Twitch 2 was abrupdy clamped to

zero-load just after the clcctrical stimulus. Twitch 3 was

entirely isomeric. Vmax and maxVc (Lmax,/scc) werc the

peak shoncning velocity of Mirches 2 and I rcspectivcly. AL
(%Lrnax) was the peak amplitude of twitch 1 and was reached

at tiErc-tc.pcak shonening TPS (rnscc). TFlnm2 G/mm2)
lvas the isometric force normalized pcr cross-sectional arca,

and nas rcached at tirDe-to-pcak force TPF (msec). Thc

indices + and - dF.drlmax. rlm-2 (&/mm2lsec) werc rhe

positivc and negative peak forcc dcrivatives of twitch 3,

normalizcd per cross-scctional area . maxVr was thc pcak

lcngthening vclocity of twitch l, and rl2 (mscc) thc time to

half -rclaxation of rwitch 3. Rl was thc ratio of maxvc to max

Vr, and R2 thc ratio (dF.dt-lmax) / CdF.dr I max) .

Thesc two ratios quantificd thc coupling bctwccn contraction

and r€laxation at low 8nd hcavy load rcsp€ctively. The

electronic dcvice and force tmnsduccr have been Fcviously
described (Circ.Res.56 :331-339, 1985).

RESULTS

The mechanical rcsults obtained from conrols and trained

animals at 2.5mMlca2+]o are summarized in table I .

Mechanical irdices in controls did not significandy differ ftom

thosc obscrved in u-aircd animals excepted for TPS, TPF and

R2. In tablc 1, data arc cxprcssed as rncan +SE ; conrols and

+Gz trained animals were compared using the unpaired

Student's t tcst after ANOVA, + : p<0.01). Muscle Ca2+

responsiveness was teskd by incrcasing [Ca2+]o from 2.5 to

7.5 mM. Thc percentage increase in myocardial performance

was significant in cach group (p<O.001), and was of simular

I'IECHANICS OF CONTRACTION AND RELAXAIION IN

PAPILLARY MUSCLES OF HEALTHY AND CENTRIFUGATED

BABOONS.
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extcnt in cotrEols and +Gz traiacd baboons. Convcrsely,

challscs in relaxation and contraction-rclaxation mupling
werc significandy differcnt (table 2 : mechanical indiccs at 7.5

mM [Ca2+1o arc expressed as pcrcentagc of refercncc valucs

at 2.5 mM [Ca2+]o ; controls arld +Gz E-iincd animals werc

comparcd using thc unpairEd Studenis t tcst aftcr ANOVA ;

* : p<0.01).

DISCUSSION

Our srudy showcd modifications of inrinsic contractitity aftsr

+Gz acceleration training in baboons , Thc significant incrcase

in TPS and TPF observed in traincd baboons (table 1),

suggests abnormalitics in cxcitation-contraction coupling. The

Bodificd Ca2+ responsiveness in +Cz Eaincd baboons

predominated on indices of both relaxation artd

contraction-r€laxation couplitrg. Thc higher va.lue of Rl at

7.5 mM [Ca2+]o in rained baboons as compared to controls

suggests altcrations of Ca2+ sequcstaing memb,ranc systems

(Circ. Rcs.6l : 107-116, l9E7). Papillary musclcs were

studicd two days aftcr thc laJt Faining scssion , and rhis

suggests that Eerhanical modifications werc pef,haps chrcnic.

Increased Gz has been found to induce scveral dircct and

indircct cardiovascular hemodynamic effccrs . After +Gz

acceleration, the decrcase in pr€load and in atrial and

vcntricular diastolic pressurc may be due to blood

rcdistribution. Gz acceleration is followed by blood pooling

in thc legs . Gz Eaining induces a fall in right atrial prcssure ,

aortic flow and lcft vcntricular cnd diastolic prcssurc ( J.

Appt. Physiol. 43:765-769.), ard cardiac outpur (Aqosp.

Med. 3l : t17-834 ; Acta Physiol. Scand. Suppl 276 : l-61 ;

Respir. Physiol. 62 : 141-151.). During exposurc to +Cz ,

both the loss in venous rctum and prcload may partly cxplain

the dccrcasc in cardiac output. Chronically rcpeated

hemodynamic alterations induced by +Gz accelcration may

causc myocardial cellular damagc, Further histological,

biochcmica.l, metabolic, ctectrophysiological and mechanica.l

studics are rcquired to undcrstand the cffecG of +Gz

acceleBti exposurc on intinsic cardiac behavior.
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24t+40
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@ -Thc doppler sigoal snalysis:thc r€flectcd ultrasonic
signal cso bc asscsscd cither by Fast Fourricr
Trsnsform spcctral analysis or zcro-crossing
hardwaac. Wc uscd thr last dcvicc, whom accuracy
dcpcnds on flow profilc, with 8 bctt.r oDc if thc
profilc is flsa, likc iD thc &ona, duc to a smallcr
dopplcr frcqucncy spcctrum. OD thc contrary, crro.
can rcach 16 % in th. carotid with its pa.abolic
profilc, bccausc zcro crossing dctactor mcasurcs root
mcan squarc frcqucncy and not mcan frcqucncy.

-Thc measurcmcnts of a rcprese[tativc velocity of
cross-scctional velocity : wc cxplained in mcthods how
wc cau assumc ir lor fte aona aod thc carotid; flat
profilc in thc asccnditrg aona hss bcen supponcd by
thcorical and cxpcrimerllal rcsults.

-Thc mcasurcmcnas of vesscl dismctcr : thcy can bc
an imponalt sourcc of crror sincc thc diamctcr is
squarcd in thc cross-scction rrcs fomula, a[d can
limit thc intcrprctstion of blood flow absolutc vrlu€s.
Grccnficld arld Patcl(l) showrd thst thc maximum
changc of aonic arca during sysrolc was ll % (5.4 io
16.8 %), this rcsult indicstc that wc can lssumc a
circular and colstant scction oi thc aona in our SV
and CO calculations.
B.cldE :

Thc rcsults of thc prcscnt study iDdicste thc similar
fashion of dccrcasing for aonic and carotid blood flow
io hypcrgravity, with a thrcshold found iD both cascs
at +4 Cz; at this stagc thc diastolic carotid flow is
always stoppcd while thc systolic flow may pcrsist
during the begiD!ing of thc platcau. Rcpercussioos of
+Cz accclcration on diastolic carotid flow crist since +2
Gz and sccm to bc more imponant lhat oD systolic flow
probably bccausc, di.stolic resistancc incrcasc a lot in
oldcr to maintain thc pcrfusioll prcssurc, diastolic
timc is rcduced by tachycardia and Windkcsscl cffect
is attcnuated by thc incrcsscd hydrostatic prc!surc.
Thc relativc iDdcpendancc of AM with lcvcl of
accclcration, noticcd by wcak co.rclation cocfficents,
could indicatc that thc fall of CO is only rclatcd to
changcs of loadiog conditions, as vmax shows it, but
not to inotropic stat. as AM suggcsts it (Paycn .t Al.4 ).

CONCLUSION
These prcliminary results suggcst that pulscd dopplcr
with implantable microprobcs, allowirlg continuous
and phasic hemodynamic monilorinS of local and
systemic circularions without interfering \rith
flowin8 conditious, could havc important applications
to study cardiovascular systcm in hypcrgravity and to
ssscss thc cfficicncy of countermcasurcs.

@*

Ca&tid-Dra$&n-c !-:
Tsbh 3 & 4 show thc variations of hcmodynamic
csrotid paramclcrs for M2 and 08. Likc rortic
paramctcr!, carotid ones dccrcasc with increasing load
iactor, and carotid blood flow stops from +4 Cz si[cc
thc mid to th€ cnd of thc platcau. Pctsistcncc of carotid
blood flow at alld abovc +4 Gz was only sccn st the

bcginning of thc platcau and orlly bcing duc to-
syslolic flo,,v ; diastolic flow decrcasc sincc +l Gz and

always stops at + 4 Cz,

@

NISCUSSION
Mcthodolorical:

Accuracy of dopplcr tcchniquc to computc blood flows,
lilc wc did in thb srudy, dcpcnds on:

-Thc knowlcdgc and thc constancy of thc incidcncc
anSlc bctwccn ultrasonic b€an and vcsscl axis. This is
rcsliscd with thc probc dcsign and is srill valid undcr
accclcration bacausc paobc and vcsscl wall movc
togcther kceping normal anatomical rclation and
Ioc8tio[ of samplc volune.
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STUDY OF AORTIC AND CAROTID BLOOD FLOW BY
PULSED DOPPLER WITH IMPLANTABLE

MICROPROBES IN HYPERGRAVITY

of the vesscl, lhc aoglc bctwccn the ultrasonic bcam
and the vesscl axis cqualcd 60o.

Descrigtion of the rrnqc-earcd dopplcr flowmetcr :
A zero-crossiDg pulscd dopplcr flowmetcr has bcen
uscd for aortic and carotid mcasurements. The devicc
has been prcviously dcscribcd and validatcd (payen etAl- 3,5 ). The main characrcristic of this apparitus is
the adjustablc r.ngc-gated time syslcm assoCilted with
the pulsed emissioD, which pcrmits to sclect rimc delay
from emission (dcpth of -sample 

volume) aod rhi
leDSth of reccplion duration (sample volumc size).
Adjusrcmcnrs of thcsc timcs are madi stcp by step of
half microsccond wirh an incorporated icaai syircm
iD order to definc thc dopplcr simplc voiuoc l&ation
atld size in the vesscl lumetr. This procedure is uscd to
measurc lhe diametcr of tle vess€l (D), by choosing a
small samplc volumc and moving it from the proximal
to the distal wall, according to thc diffcrcncc betwcen
those two time dclays :

D=(i2-tl)q2.she wirh O rhc angle of incidencc, C
velocity of ultrasounds io biological lissues 05,l() m/s).
Thc avemgc doppler frequency shifr ( AF) was obtained
by a zero-crossing system and convened inlo vclocitv
with doppler equation : V=(AF.C )/( 2.F.coso )witi F cmilled ulrasonic frcquency ( 4 or 8 l/thz ).Blood flow mcasuremcnts: To compute blood flow &e
following parameters arc necded :
- Cross S.ctionol Atco (CSA) of the artery :

deduccd from n.D2h wi$ D diamerer of rhc vesscl
calculated by thc procedurc describcd abovc.
- Mean blood velocity owr CSA :

this ,arametcr dcpcnds of thc velocity profile in rhe
vessel :

Jn thc ao.ta .. the profilc is assumed to be flar in
lhe ascending pan;so we sampled the vetocily at rhc
center of the aona in a small ponion of its seclion, in
ordcr lo. mcasure- a velocity which rcflccls the velocity
across the vcssel. The mean vclocity of blood flow
qlqng. otrc cardiac cycle was calculaGd manualy on a
digilizi[g tablct linkcd to a microcomputcr. Wj repon
thc avcragc of ten consecutivc beats in oder to ;ke
account of flow vadations duc to respiration. With lhisproccdure we oblaincd thc mean temporo_spatial
velocity (Vmean) during .jecrion timc (ET) :
SV=V."un.61.gtO and CO = SV. HR witb lIR: hean rate
We. measured pcak flow velocily (Vmar) on paper
traring at the point of maximurn systolic blood 

-flow

velocity. whilc the oaximum acceicration of blood(MA) was calculated as the first dcrivative of the flow
vclocity during thc first 40 mscc of ejeclion.

l^ th. cototid . the vclocity profilc is not flat bur
parabolic, and the gale duralion musl be adjusl so thal
sample volume exactly encompasses lhe vessel
diameter in order to rccord a dopplcr signal involving
all streamlines. With this procedure the mean velociti
over thc vessel seclion (Vmean) is obtained, and thc
common carotid output computcd : Qcarotid=Vmean.CsA

Experimcntal protocol :

Each animal was cxposcd to gravitoinenial forces of +l
to +6 Gz, with GOR dlring a plarcau of 30 to,tO scconds.
We havc donc two serials of runs on corNcious animal
lo record continuously blood vclocity in thc aona and
th€n in carotid,with sirhultaneous ECC recording.
RFSTJLTS

Aonic measurcmc[ts:
Tablc I & 2 summarisc thc differcnt mcasurcd alld
calculatcd paramcters for thc lwo baboons. Aortic
diamcters found for M2 and 08 wcrc 1.38 and 1.45 cm.
Thc fall of th€sc parametcrs is proponionDal to thc
amplitudc of +Cz accclcration, rill +4 Gz lcvel where
Oc dccrcasc is slowing down but with critical absolute
valucs at this stagc, in particular for SV. ID fact
diminution of SV is morc pronounced than VmcaD
bccausc of thc simultancous rcduction of cjcctioD time;
dccrcasc of CO is slightly rttcnu cd by tachycrrdia.
Ttc invcrsg rclation bctwccD AM rtld +Gz lcvcl is \pcrk
for M2 ard 08 ( r = -0.346 and -0.206 ).

s-r5l

O. LANGERON *, C.C. TRAN I, F. PAILLARD *,
D. PAYEN **, F. LABORDE ***, p. GALLIX *** and
P, QUANDIEU*.

* Laboratoire Central de Biologie Aerospatiale
(Paris)
** Hopital Universitaire Lariboisilre (paris)
*++ C.E.R.A-Fondation de l'Avenir (Paris)

In hypcrgravity simulated by high sustained +Cz
Graduatc Onsct Rurl (GOR) accclcratiotrs, grey 8nd
blsckout oay precedc loss of consciou$ess (LOC). LOC
sccms to tppear when the central ncrvous systcm
blood florv is rcduccd to a critical lcvcl with brain
hyporia. Detailed informations concerning the
cardiovascular respotrse aDd compensatory mccha-
nisms during +Gz strcss €xposurc arc still incomplcte,
msinly because itrfo.matioos can not b€ collectcd oo a
continuous wry. Thc cardiac output continuous
monitorilg by pulscd doppler with implantable
microprobcs has bccn dcvclopped by some authors,
who found a good corclalion with thcrEodilution
(r=0.89 Pay€n et Al-4) and elcctromagnctic flow probe
(r=0.9 Keagy ci Al-2), in human cliDic during and
after cardiac surScry bccause non invasive dopple,
mcthod have oftcn tcchnical limitations in this
contcxl,with intcrposition of air or blood which
hampers lransmission of ultrasounds. With thc same
range-gated doppler lechnique Paycn cr Al ( 5 )
corrclate well (F0.73) in man thc common carotid
blood flo\x dctcrmincd by pulsed doppler wirh mean
hemisphcric cerebral blood flow measurcd by iDtra-
anerial injection of l33xenon.
The aim of this work is to assess repercussions of
hypergravity on aortic and common carotid blood
flows Ecasured by pulsed doppler with implaDtable
microprobes. The pulscd dopplcr method allows the
beat to beat Stroke Volume (SV), cardiac output (CO)
continuous monitoring and thc commo[ carolid
output(Qcarotid)computing ; impla[table microprobcs
get rid of fixing an extcmal transducer on chest
which could be a potential source of crror by its
displacement durirrg centrifugation and chauging the
anglc incidence bctwee[ the ultrasou[d beam and the
vcsscl aris.
MATERTAL AND METI{ODS

Animal model:
This study was performcd on 2 mal€s baboons M2 and
O8 that were chronically iostrumcnted under gcneral
a[esthcsia by right thoracotomy with 2 dopplc.
microprobcs : onc otr thc asce[ding Sona above the
aonic lcaflcts, a.d the othcr on common carotid.
Aftcr a rccovcry pcriod of 10 days without any
complicatiols, wc slancd thc experimental protocol.

Drrsi![en-ol-rhsih-u--p,obr :

Thc principlc and dcsign of thc pulscd dopplcr
microprobe arc similar to a dcvicc previously rcponed
for coronary and aonic flows mcasuremcnts by Paycn
ct Al (3,4). Wc used a 4 Mhz piczo-electric crystal for
thc aofla and an 8 Mhz for thc common carotid' thc
dime[sions of thc probc were 6 mm width and 7 mm

lcngth. A silicone prism supponed lhc crystal and was

cut so lhat, when fic probc is suturcd to thc advcnticia
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the purpose of this investlgatlon ushg an
4dna1 nDdel, wEs to test tlle speciflw of tt€ ca-
t€cholanlnerglc response to rcz accelerations cqn-
pared to ttE sar!-6 resptrlse lndrced by stress asso-
ciated wlth ttle enviromEnt 1n gene.al. the proto-
col lncluded three eperirEntaf sltuatiorE 1rwol-
ving five prlnates lthlch lrere their owr controls
1) control arrlmals slttlng ln tt€ laboratory, 2)
lEstrained stressed anlrEl.s e&osed to 0.5 Gz ln a
centrlflEe, 3) anjflals to e)posed to hupe.gravlty.
Deosure to hypergravltatlon lncluded thee plabaus
at 8-9 Gz each of til rW seconds. Eagh plateau was
reached rl,,l.th an qtset rate of 1 G.s-I. P]a,gr)a nore-
plnephrlne, eplnephrj.ne and dopamlne lrere assayed
in five blood sarples draUn at fixed lpurs of the
day. Resu-lts show tllat the three pla.qratic honrEne
cqlcent.atlcns are slgtflcantly different ln cen-
trlfl]ged prlrnates, turEdiatly after acceleratlon,
frcrn that of the t.D controls gror.ps. Ihe dlscus-
slon r4trlch takes lnto cqElderatlon the val.ldlty of
tile anlftal- dpdel., suggest that catectDlarinergic
rcspolrse dLE to hypergravltaticn are dlfferent fron
rEsponse genemly observed durhg an e[Dtiona].
stlEss.

ltE clEnges in free pla.sna cateciplanlnes
Levels in response to high slstalned r4z accelera-
tlons (ncre thsn 15 secords and of an lntensity ol
+ 8 or I Gz) r.rer€ studled.

the purpose ol this paper was tD klow v,hett€r
catecholamlr€ charEes to necharical strEss arE dif-
ferent frcm catecholadne chaiges ulder strEss in
gerEral ,.n rpn fnnEn prijnates.

Ihe tvpotlEsls of a long teEn hypepsldpathl-
cltorria has been foFrarded fo11owlng tlE studles of
Pr. Borrcdqr cn an anloral. rcdeI i t)la Frlnates Lnder
+ Gz accelerations durlr€ four rslttrs tEd a trEnsient
jrErease 1n dlastolic and systolic arterlal Fressle.
Such an lncrEase was maiIltaijled for one mc8-lth after
the end of the tratnlng perlod. Furthermore,
Laughlin dedrcnstrated 4l jnclEase ln perlptEnal rE-
slstance related to a vlsceral vascular bed vaso-
constrlctlon taklng place 1n baboons irl a G envi-
rarnent.

Pff'IEOT,

Ihe e&erirEnta-l prctocol ,r^,. used lras tllat
&veloped by Pr BorrEdon ( f1g\rre 1).

&E e&osure was made of tir€e platea.E of I
to I Gz lastirE 30 to 40 seconds each. Each platear.l
$,as reaclred wlt}I an onset rate of 1 Gz/s. A reco-
\rEry perlod of 2 to 3 mbutes took place bet',teen
every t!^o plateaus, lhls pratocol, perfonrEd to

check tlle speclflclty of the catecholanlnerglc res-
ponses lnvoLved each prlfiate ln ttrree erperlrlEntal
situatlcns.

1. tE ftrst slltEtlcrr was anlma]s slttlng
tn the laboratory to assess ttle stress dle to !Es-
t.airlt.

2. [E ec(rd giU.Etl..r wEs aninals ereosed
to 0.5 Gz accele.atlql to check ttE stress related
to a centriflrge envlrornEnt.

3. [E titrd aibIrll'ct was anlmals e)posed
to + 8 to 9 Gz accele.ations.

Fig, 1 - Gz exposure profil
the assessrEnt of frEe pla.glla catecholamines

1evels was made on five blood sarples, taken at
ftxed hours of the day.
Sq)le caE : the arfma]s uere ar^Eke 1n a slttlng
position for 15 [dnutes. It was ttle lestirg ].evel.
Sele h : Just before centrlfltge e4)osule at O.5
Oz, or I to 9 G2, or at tlte correspondlng ttue \,!tEn
ttE ardJial llrllained ln the laboratory.
[rltd s@Ie i Irrnedlately after centrifuge epo-
stlrE or at the correspcndlng tillE when the anlnal
remained in the laboratory.
Ib;Eti 84Ie : thirty minutes after cent.ifuge ex-
posures.
Etfttr i t]^i) hours ard a lElf after centrifl-rge e)eo-
g.u€s,

Blood sa[ples !\Ere collected frcrn the calf
veln o. frcrn tlle t1bia1 artery. lGaEurerrEnts $Ere
rade uslrE HPLC ard electrocheflfca-l detectlon.
l.lcrepirephrlrE, eplnepirlne ard dopamlne rDlecules
rere si]I[ rl taneously assqyed.

FNILIS
Ftve anlrials'.ere tested, Frore 2 (a) sho^,s

the krnetrcs of norepinephrine. On ihe graph, the
ordinate are logarithmic ordinate and each Doint i.s
the anean of levels obtained in variors anima [9.
S@le No 1 or tEsurg levds arE ldentical ln the
t,L|r€e situaticns. Itle fiean value is 1,000 pg/mI.
S@te o 3 $r-rlch represents ttle irnedlate re$crtse
to acceteratlons ls very hlgb : 4,5OO pglmI. Ihis
velue ls slgnlflcantly dllferent frcrn values ob-
talned ln tie tirD control sltuatlons (1,200 pglml ).
Sq)Ie No 5, tvro hours and a half al'ter e)eost.uE,
t}le leve1 of + I Gz returns to norrlEl, that is
ldentical to level.s obtalned in ttE t'rD ccntrol
groLps, 1.e. a tlEem of 1,8OO pglmI.

Flgure 2 (b) stlo'^s ttle klnetics of eplne-
phrlne.
Estlrlg le\rela are ldentical in the thr€e situations
wlth a rEan value of 600 pglm1,
[E te!E]. of aqle o 3 ls 6,2@ pg,/ml. As for
rpreplnephrire tilis value 1s signlficantly dlffe-
rent frcrn that ol tie tuo control gror.ps (SB pgftrn).
Tl{D hours and a ha.1f after eposulE ( Bq,le No 5)
the level ls still slgdficantly diffelEnt frorn
1e!€Is of tl€ tevo control gro\.ps. It is as high as
3,2m pglm1 against 1,200 pg/m] for the two control
grol&s.

Figule 2 (c) sltoirs the klnetics of dopanine.
trE reat rg lelrels of dopamine are ldentical in the
thlee sltuations. they reache an €Merage ctr 120 Hlrn.
I€\,el of sele llo 3 leacltes 4OO pg/m1 , and is si-
gnlficantly different frcrn level-s obtalned ln tlE
tr^|c control sltuatlons (116 pg/mI).
In s@le No 5, Ieve1 letums to normaL and is iden-
t1ca1 to control groups with anean of 1OO pg/m1.

ETFECTS S HIGII SUSTAINE) TIYPENGAAVITY CII

PLitSri\ CAIEII.I/IIInGS.
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Fig. 2 (a)

Fis. 2 (b)

Fig. 3 (a)

Fis. 2 (c)

Fig. 2 - Kinetlcs of plasna catecholami.nes
in morkel.s er<posed to three e)eerifi|ental situatlons
(+ B Gz + O.5 Gz betvreen 13.30 and 14.m, and slt-
ting in laboratory),
a) norepinephrine b) epinephrlne c) dopamine

Arterial and venous salplings,,^Ere collected
dLlng 8 to 9 Gz accelerations. FiAure 3 (a) sttows
tile kinetics obtained for norepinephrine, epine-
phrlrle and dopadne frqn rretuE s@lea.

At !Est, norepinephrine level- 1,3OO pg,/mI, is
higher than eplnephrlne 1eve1, 4OO pg/mI. Dopanine
Ieve-L ls 1zu pg/rru.

Just after c€akifl.Ee e.46.trE the epine-
phrine leve1 is increased by a factor of 6.7 rea-
ddng 4,600 pg/mI and beccirEs higher thdl norepine-
,'ftrine lorel vith 3,rc0 pg/tnl. Norepinephrine te/el is in-
crr6 9€d tv 1.7. Daanine le,,,el ls also incrcasd by I '7 ard r6des
60 pe,4nlligure 3 (b) sflows the kinetic:j trqlr arterlal
seles. At !Est, epinephrine level is higher than
rprepj.nephrine 1eveI lEspectively with 1,2oo pglm1
and 9oo pg/ml . EarirE 1ole1 is stlll 12o pg/ml,

! rg. J (o,

fig. 3 - Ktnetics of plasna catectrolanines
in rnonkeys e)eosed to + I Gz accelerations bet!,Gen
13.30 and 14.0O.
a) venous blood sarples b) arterial blood sam1e.
I@diately dter @ e.46[e, norepheph.lne leve1
is muftlplled by 4.7 and reaches 5,4C0 pglml and
beccnEs higher than venous leve1. Dopadne level is
jncreased 4.3 tines ard reaches 5OO pg/m1 and be-
coflES higher than venous 1eve1s. Eplnephrlne level
1s multlplied by 4,3 and readEsg, TOO pg/ml.

DEf,t[lSI(It
the ccnparison of kinetics seen in the th'ee

e&eri,]entaL sltuations derDnstrate a speciflc
strEss d.re to + Gz accelerations,

Ttlis + Gz stiess pr€sents differents ccopo-
rEnts : psychological stress ( fear, etc...), blood
shift and cardiovascular reactlon and contrcctlons
of skeletaL 'rnrscles.

&inephrine is orlly secreted by ttle cEltra.Dy
controlled nEdllla. Ihe very hiSh levels ol eplne-
phrlne, bott in venous and arterial blood, lrfiEdia-
tely and ti^D hours ard firw nlnutes after centri-
l\rge eleosure, shows tlle main role of the inedr11a.

the norepineplrine corEs frcln the overfLow
of ttle sylpatt€tic nerve endlngs and partly ftsn ttre
ned\rlla. the very hlgh a..teria] Ievels of norepine-
phrine rnedlatly observed after centrifllge olposure,
vhen ttle arterlaL venous difference beccrnes Fositive,
shows the ftportant rEsponse to G-stlEss. the rE-
d]lla invohenent is probably rore i[portant when
the anitlEls are not trained to this e)eeri-.Ir9ntal
si tuation.
GfEII'E:I(N the catecholaminergic tEspdlse to + Gz
e&osure is clearly diffelentlated and shous the
generatized sl,npattdcoadrenergic respqtse to a
single e&o$ne. the fotlowing studi.es wjth tttis
animal lrrrdel will concem the tine cor.lIse of the
catecfiolamine.gic reslonse in coriinat i cn wittl
plasna renin activiw, durlng fou nonttE trainirE.
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INIRODUCIION.
Present generation high pelformance

aircraft are capable of producing high
sustained headr.rard accelerative forces (G)
on the human body and achj-eving these G
leve1s at high onset rates. At their
maximum, such perfornance exceeds the pi-
Iot's ability to tolerate the forces, even
with culrent operational life support
equipment. Sustained, intensive, ai.r ope-
rations and repeated flights per day, fur-
ther stress pilots by producing muscul-ar
fatigue lrhich can further decrease G tole-
rance, G-induced loss of consciousness
(c-Loc) is one consequence of intolerance
to c and several falal nishaps have been
reported in aircraft such as the F-15, F-
16, and E-18. High perfornance French
combat aircraft like the Mirage 2000 and
Rafal-e also present the risk of such mi-
shaps.

some ai-ms of human acceleration re-
search are to: (a) improve knowledge of
the physiological mechanisms involved in G

stress adaptation and c-Loc; (b) increase
the efficacy of G counter-measures and de-
veLop new methods of anti-c protection;
and (c) find methods for c-Loc detection
which could be used in aircraft and effect
aircraft control in the event of G-Loc,
one possible detection method is analysis
of cereblal blood flow using Dopple! u1-
trasound technology (l{hinnery et aI.
1987 ) .

In 1975, Krutz et aI. used a Doppler
nethod during G stress to investigate
blood flow in supelficial ternporal artery.
They demonstrated that G tolerance can be
nole accurately evaluated with Doppler
than with the traditional techniques used
in cenlrifuges that measure visual field
changes. since then, other groups (cros-
bie 1984, Florence et al. 1989) have used
ultrasound in physiological investigations
of G stress.

To neasure G tol,erance and regionaL
and systemic cardiovascular responses to
c, studies combining Dopple! and echogra-
phic measurements have begun in the Labo-
ratoire de lir6decine Aerospatiale of the

Flight Test Center, Br6tigny sur Orge in
France. A transcranial- Doppler unit was
developped by the Laboratoire de Biophy-
sique lir6dicale de la Facult6 de I'l6decine
de Tours. During one of our experinents
in the human centrifuge, a subject expe-
lienced c-LOc without showing evidence of
cessation of blood flow in a major cere-
bral artery. Interruption of cerebral
perfusion is regarded as the prj-me mecha-
nism producing G-LoC. Our observation
raises the question about the applicabi-
f.i.ty of Doppler for G-Loc detection, and
the limits of Doppler for thj-s purpose is
the topic of this paper.

I'RIIIODS.
The experiment. was conducted on a

centrifuge with a 6 n long arn. Thlee 8 G

runs lrith a 10 sec plateau following a 3
.G, 20 sec warm up were perforrned. The G

onset rate was 0.9 c/sec and the subject
was instructed to keep his muscles relaxed
during the run.

An electronic G-valve controlled by a
cornputer was used to inflate the (ARz 820)
5-bladder c-suit. Thlee schedules of G-
suit infl,ation were used which developped
the fuII pressure of 50 kPa in the suit :
(a) 2 sec before the begtnning of the c
plateau , (b) coincident with the start of
the G plateau ; and (c) 2 sec after the
beginning of the G plateau. The trials
were randomized using double blind tech-
niques .

An electrocardiogram vras recorded for
hea!t rate neasurement and detection of
Ecc abnormalities. visual field was as-
sessed with the traditional- light bar
technique and the transcranial Doppler de-
vice was used to monitor blood flow in the
middle cerebral artery {lircA). The probe
was positioned against the scalp with a
specific headmounted system. The Doppl-er
gate was manual-ty adjusted. The section
of the vessel exarnined was assumed to re-
main constant and blood flow was calcula-
ted by integration of the velocity signal.

REST'LTS.
The subject, a 27 yr old male, pre-

sented a G-Loc of approxj-mately 3 sec in
duration r.rithout reporting any pelipheral
light loss before the G-Loc. It was his
third centrifuge lun and the G-suit !.ras
inflated 2 sec before the beginning of the
c pl-ateau. Six seconds of the plateau had
elapsed at the time of G-Loc, The centri-
fuge was stopped inmediately. Heart rate
of the subject vras 85 beats/min before the
run and 175 at c-Loc, The latter was si--
milar to i.rhat had been observed during the
previous 8 G plateau. No ECG abnormality
was observed before or during the G-LOC.

The calculated blood flov, during G-
Loc in MCA was significantly decleased
from the blood flov, during rest. The sys-
tolic volune i-n the l''lCA was reduced to
64.5 *. The diastolic volume vras reduced
to 81.5 t. The systolic and diastolic
flow were reduced to 2'l and 62 t, respec-
tively, The flow per beat in the t'IcA was
reduced tso 41 t.

J.l4
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DISCUSSION.
Spencer et al.(1989), using transcra-

nial Doppler, found complete cessation of
blood flot, in MCA before G-LOC, an obse!-
vation consj-stent with the traditionally
regarded physiologic nechanism for G-Loc.
In past experiments, we have observed mo-
nentary cessation of blood f Lo,rr i-n the su-
perficial tempolal artery and these were
not systenaticall,y followed by a G-IOC.
The cessation generally occurred during
the rapid inhalation phase of the anti-c
strainj.ng naneuve!. Brief periods of
aperfusion without subsequent G-LOC is
consistent with the notion that cereblal
tissue has oxyqen stores which maintain
consciousness during momentary interrup-
tions of oxygen delivery. we have now ob-
selved a G-LOC without cessation of blood
flot', in I'ICA. Indeed, blood flow was only
marginally Less than 41 t.

Thelefore, three situations must be
consideled: (a) G-IOC with cessation of
bl-ood flov, in MCA; (b) G-LOC wlthout ces-
sation of blood flow in MCA; and (c) short
interruption of bl-ood flo$r in the superfi-
cial temporal artery withou! G-LOC. Pos-
sible factors relevant to these phenornena
are: (a) different vascularization of di.f -
ferent areas of the brain during c, and(b) a threshold for bxain ischemia. xe-
non-133 clearance studies (Howard and
claister, 1964) have shown that vasculali-
zation of white and grey cerebral matter
in man under acceleration stress is diffe-
lent. Blood flow in the occipital area
during c coutd be more reduced than in the
middLe cerebral artery area and G-LOC
could occur without cessation of ftow in
the MCA. In contrast, uniform vasculali-
zation has been observed in the brain of
baboons (Greenless et aI.. 1980), although
the G 1eve1 and G onse! rate were lower
than i.n the human studies.

llerchan (1989) has suggested lhat a
threshold for cerebral ischemia exists on
the basis of the appearance of EEG mani-
festations nhen blood floe was reduced to
belo!,, 50 B. The blood flow levels in our
subject wele similary reduced and G-IOC is
possible under this theory.

Other explanations are also possible.
Quandieu (1989) proposed a theory sugges-
ting that G-LOC j-s a result of biomechanj.-
cally-induced dysfunctioning of the brain,
related to a high rate of c onset, Howe-
ver, this theory woutd not explain the
presented G-LOC vrhich occured during a Low
rate of G onset.

The transcranial Dopple! method, as
used, may also have limltations. 1) MCA
nay not have an inpoltant role in G-LOC
and other intra-cranial vessels should be
studied. 2) Our calculations of blood
flow assuled a constant vessel di.amete!
from 1 G to 8 G, It is uncertatn if va-
riations in vessel size occur during g. A
reduction in pressure in the MCA during c
could produce a reduction in vessel. diame-
ter and a reduction of blood fIoH.

UntiI some of the points raised in
this discussion are further studj.ed, Dop-

pIer, with its presently sinple signal
processing, is unlikely to be accurate en-
ough to be an in-flight detector of c-Loc.

CONCLUSION.
Doppler monitoring during an j.nstance

of c-Loc demonstrated reduced, but not
completely stopped, rniddle cerebral artery
blood f1ow. An explanation of the results
considered the role of unequal brain vas-
cularization and an ischenia threshold in-
duced by low brain blood flow. Before ac-
ceptabLe as a possible in-fliqht detecto!
of c-LOc, the DoppLer signal will requj.re
more complex analysis.
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INTRODUCTION

The loe3 o, conciousnoga ln tllght ol lighlor pllol! is a
phenomenon which c8nnol bo oxplalnod by a 8lngl€
ptryslological lnterpreLtlon. lnd6€d, lrom . m€chanlcal sngle,
lhe b.ain is a complex 6ystem el once fluid and GoliJ nhlch
enclo3os dilleronl lunclions and mochanics not always well

At lhe iim6 of a submiBsion to an important JOLT, lhis
mochanlcal syslom undorgoes a volum€ lorce li6ld dopond€nl
on lims, which produces rhotions and d€lormalions modilying
the glrosses of the modium. Theroforo, this sourco ol
pgrlurbaliono goneralos parasltical ph6nomona which
inlgrler€ with the usual molions ol tho corobrovaacular
syslom produc€d by tho action ol tho h€arl. Tho asp€cl not
n€c€ssarily r€productible of the GLOC lor a same inl€nsily of
lho rate varialion ol lhe accoleration shows that th6
unsl€ady ph€nomena ar€ prodomlnale.

D. GAFFIE, P. UEBAERT, P. OUANDIEU

PBESEMTATION OF THE MOOEL

(a) - a pressur€ longiludinal gradiont dopondenl on limo.

(b) - an oxtornal pressure distribution Ps applied on the
laloral wall ol lh6 lube.

(c) - a volumo torce li€ld F strongly d€p€ndont on tim6.

Pc(r,t1( b ) (0(cl
-l

+
b

-i+
e1z.o,t1(') P(r=t,l)(' )

The elm ol $b ltudy will be to roallze . comprgherulve
nelwork lo rcpaesanl the whole ol lha sy6tem, and t0
obaodo th6 lnlluance ol diflorent aourcos ol p€rturbationr
numerlcally apPlled on lho global wottino ol lh. .yttom

OITE.DIXEISIOIIAL FORTIULATION OF YHE PBOBLEII

The comorvallon hwr of lhe mala ard tha monEntun rr!
appllod lo the fluld Pesslng through.tt inlinlleslmsl llxod
conlrol voluma.

-m.6.o: divV=O (1)

. momonrum: o'ii = div o'ff (2)

where V ie th. fluid v6toclty. ii" tt" body lorce por unlt

ma!a. Body forc€a acl at a distanco and apply lo the anliro
ma$ of the lluid (gravitationel lorce, lor etampto). div (r
reprosonlgs lho sudace torcd per unil volum€. Thgse torcos

are applled by lho erlernal !tr€96es (compononts ot the

6traa5 len3or O on lho lluid elemsnt. Th€ slross t€nsoa i5

frequonily sepalatod ln lhe lollowlng mannor:

o = P.l +P

where p ia lhe pressure and P lho viscous 6lress l6n3or.

Equalion (3) has to bo completod by lho dala of tho behaviour

Iarv of lh€ fluld.

ASSUITPTIOTIS OF THE MODEL

ln somo panicular flow casos, ll ls pormitled lo neglocl

corteln lerms of the local form ol the oqualions.

Subsoquenlly, ws suPposo that:

- the F€ynolds numb€r is not too laro€

' lhe flow has a main direclion

Fo. convenloncl, we lot:

€ - (RADIUS OF THE TUBEY (LENGTH OF THE 1U8E) << 1

An analFls of the ordor of magnitude of tho dillerent torms
ot lh. .quatlons wlth r€spect of E allows us lo doducl a

simpllfiod form of th. Eystom of equations. Alter that, tho

lallor aae inlograted ov6r any crosa soction ol the lubo to

oblaln lhe lollowing on6-dimensional lormulation (c.1. Gatlio
(1985)):

A IIATHEMANCAL IiOOEU O OF THE

CEBEBFOVASCULAR SYSTEM

O.N.ER.A

29, Awnu.d. L Dlvltlon L.cl.E

92320 CXATILLON. FRANCE

Tho classlcal oqualion6 ol fluid mochanica associod wilh tho
knorvledge ol lho phFiologlcal behaviouB ot lh. 8y6lom aro
thg slerting polnt ol ov€ry malhomalical analysis of lh6
probl6m.

Tho compl6xity of the studied problefi makes a local
analygis impo6sible. Thon, in ordor lo do8cribe lho lystam a
companmontal aPproEch 13 u6ed. The olomonlary geometry
of tho latler 18 a slngle equlvelent olastic lubo ln which a
vkcour incomp.os6ible lluid flow6. Thb lub€ ls submitled lo
tho 6lmullanooua aclion of:

l{.rr-"r$l!-.uif

l!.$rsur.o

'.t 
t'ir%' 'l ? , +

3PI
6

(4)

ElqlIBEIll : Sour6 ol p€tulbaliorls ol the oquivalonl
.lastic tubo.
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(s)

whore S I! lho crosr'aection ol lhe tubo, U tho m€an

voloclly, P -Po tha lransmursl Ptossura, TP the m€an vrlue

ol lhe shaar alres! componont at the wall and (a colroctlve

l6rm of tho morl.nlum.



Tha delermlnallon ol the two la8t quantitles ia a furrtio{l
ol lha olher !nkno*n! of lhe probl.m roqulra. lhe
lntroductlm ot . $lrd arld lnForLnt .ssuriptlon on lh. lorm
of lh. longiludlnal voloclty prolito:

Vz-U(z,t).t(r/R) (s)

whsre I is an analylical non-dimensional radius d6pend6nt
lunctlon con6islanl with tho boundary condilions end th6
defjnitlon ol lh6 mean veloclly.

STATE LAW

Th€ lransmural prossur€ whkh +p€arB in tho oquation6
(4) b 6lal6d lo lhe cross-soction ol the tube by e 6lalo law
called 'lubo law'. ll is giv6n in th6 tollowing lorm:

P-P€=K(z).T(9So) (6)

wher6 K is the rigidity ol the lub€ depondonl on the
longltudinal diroction, and T an analylical non-dim6n6lonal
section dep€ndonl funclion. Tho flgure (2) shows a graphical
repros6nlalion ol lho lunction T oblainsd experim€nlally.

I
d
0

BESULTS AND CO}TCLUSIOTI

a

6

The lkst calculallona realizod on the almpleat cas6 ol a
sinolo equivalont tubo havo shown the oxlateac€ ol ungtggdy
and nonlinoar phonomena whioh can produco lmponant
perturbatlonE of tha flo{ as reprosented ln figura (3).

KAMM D.K. SHAPIRO A.H. (1979)
'Unsleady tlotv in a collapsible tube 6ubjocled lo oxternalpressuro or body forc66.
J. Flukj Mech. 95. t-7A.

INITIAL STATE

FIGUBE l3t : Collapsu6 ot lho tub€ and propagations ot
wavs6 croated by lho Blmullanoous aclion of 6udac€ or
volumo force3 dop€ndonl on lifio and boundary condilions.

Al the p.easnt time, thl. modol la in vellda{on for
simples casos ol flows. Ths next step ol the Btudy wi[ bo to
oxtend the eppllcetlon ol lho modol to e detalled notwo* ot
equivalenl tub€s ln order lo analyse the oltocts ot
simullanoous perturbation6 on the b6havlour of lho
cerebrovascular ayslom.

GAFFTE D. (1985)
'Mod6 salion dun fluide visquoux incompr€ssibld dans un
lubo olastiquo'
Doctorat, Univ6rsil6 paul Sabatio. - Toulouse,

(b)

--E-
s = S/So

(a)

shap€ ol lh6 cross soction

1

FIGUHE I2t i Graphical repr€sontadon ot lhe tube law (a)
and lh6 voloclty or lh6 wav6s (b)

An lntorosting properly ot T is ils nonlinoar characlor
which producos a strong dgpondoncy ol the 5ection on tho
sp€ed ol th€ waves proFragaling along lho tubo. Focu6ing o,
waves can appoar lo croate shocks of transitlon doscrib€d by
Kamm and Shaptro (j 979)
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ULTRASOUND TECHNOLOGY
CARDIO-VASCULAR MEOICINE.

Ph . ARBEILLE,J M. POTTIER, F. PATAT, M. BERSON ,

A . RONCIN ,1. POURCELOT.

Unite INSERM 316 - C H U Bretonneau - 37044 -TOURS

FRANCE

I Ultrasound
sludles :

methodoloEv tor cardiovascular

Ultrasound methods allow the heart to be explored as
well as th8 deep circulation (Aorta - Renal A) or the
peripheral circulation (Carotid-Femoral A). The B mode
imaging displays all lhe solid structures crossing the
ultrasound beam generated by the transducers (fig 1).

The structures which strongly reflect the ultrasound
energy appear as bright points of high intensity. The
liquids transmit all the ultrasound wave and appears in

black on the image. Because a great number oI beams
are generated each second by all the transducers
junaposed along the linear array probe or by the
oscillating transducer of the sector scan probe each
incidence is displayed in real time and the movements
of the organs are clearly identilied (cardiac

contraclions).
The heart chambers are visualized in real time by "B
mode' imaging and the variations of their diameters

can be evaluated by Time Motion mode (fig. 1). From

this data the main cardiac parameters are calculated
according to specilic models necessary to extrapolate
tha chamber volume (ventricle) from one diameter. Most
of the time the Teicholtz eUipsoidal model is used. This
mode of calculation has been tested and proved during

clinical and physiological studies and is routinely used in

cardiology. On the basis ol this Iormula we calculate the

lefl ventricle volume in systole (LVSV) and in diastole
(LVDU, the dilference giving the stroke volume (SV).

The cardiac output (CO) is obtained by multiplying the

stroke volume by the heart rate, the ejection fraclion
(EF) is equal to the stroke volume divided by the

diaslolic volume. lt is generally accepted that the

precision olthe results is no more than 10% .

A Doppler system integrated in the same device allows
to record the blood velocity in ditterent vessols or within
tho heart. Use of ths Doppler effect consists in

measuring the difference between the frequency of an

incident uttrasound wave (F) and the lrequency of the
ultrasound waves backscattered by the particles in

movement (F + dF). The frequency shift dF is
proponional to the velocity (v) of the particles (Red

cells) according to the lollowing lormula : dF / F = 2 v
cos O / c, with (c)the celerity oI the ultrasounds and O
the angle between tho vessel axis and lhe Doppler
beam (Fig 2). The continuous $raves (Cw) Doppler
generates and receives continuously ultrasound beams
and measures the Doppler effect produced by any
particlg in movement crossing the beam at any depth.
This mode can be used only when the anatomy makes
us certain to identjty the vessel of interest (Superficial

vessel : Carotid, Jugular...). The pulsed Doppler (Pw)
generates short ultrasound pulses o, some micro
seconds and collect the backscattered waves only after

a preselected lenght of time. ln this case only the
Doppler etfects produced at a certain depth (within the
Doppler sample volume) are recorded .

On the Duplex systems the Doppler beam axis is

displayed on the B mode image as a bright dotted line,

the enent ot the Doppler sample volume along this line

is delimited by two short segments (Fig 3). Therefore the
Doppler recording can be performed selectively at any
preselecled depth within the body. This possibility is

particularly useful for the exploration of deep thoracic
and abdominal vessels ( Benal artery and vein ,

Pulmonary A...) or lor the identiUcation of intracardiac
flows at the level ol the valves. For the exploration of
these deep vessels it is recommended to use

frequencies ol 3 - 3.5 Mhz. By choosing a lrequency
adapted to the exploration ol the superficial areas (5-7.5

Mhz) the system can be used for the assessment of the
carotid, jugular or lemoral flows.
The Doppler signal includes all the elementary Doppler
lrequency shifts due to all the red cells going through
the vessel section insonated by the ultrasound beam.
Therelore it becomes necessary to display this signal
through a last Fourrier transform analyser in order to
obtain the distribution of the velocities (kequencies)

among all the particles present within the section
explored. The spectral analysis displays the signal

separatly from the background noise, which signifcantly
increases the accuracJ of th€ measurements on the

spectrum and provides information on the velocity
profile. Finally Irom tho ultrasound data we calculate the
blood flow value (ml/mn) in the Carotid and the
F6moral arteries and the Vascular Fesistance in the
diffsrent areas supplied by the vessels explored (Renal

resistan@ - lnferior limbs resistance...). The assessment

of tho Cerebral blood flow requires a special Doppler
system with a lower frequency (2 Mhz) and a higher

onergy than the ons previously described because ol
ths strong attenuation of the ultrasonic beam due to the
thickness ol the skull. The cerebral vascular resistances

as well as the cerebral blood llow can be evalualed by
transcranial Doppler . During all the ultrasonic sessions ,

measurements ol the ECG and the Blood Pressurs are

and SPACE
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perlormed .

Tho vascular haemodynamic data are obtained Irom
both ths image and the Doppler traces. For the blood
llow quantification we have to measurs the vessel
diameter and the angle between the Doppler beam and
the vessel axis (on the image), and the mean frequency
ot the Doppler spectrum. For vessels ot about 6 to 8 cm
in diameter the precision is no more than l5%. ln order
to evaluate the vascular resistance changes in different
araas we use a Doppler resistance index which
expresses as R=S-D/S with S and D the systolic and D
ths diastolic amplitudes. Glinical and physiological

studies hav6 demonstrated that the variations ot this
parameter are closely linked with the vasomotor
changes (vasoconstriction : R increases). When there is

no lorward diastolic flow within the vessel but a reverse
flow (Femoral. A) we uss an olher index also correlated
with the vascular resistance changes : R=D/S , with S
the systolic amplitude and D the amplitude of the
reverse llow .

ll Ullrasound Jacility on board space vehicles:

Since 1982 we have been involved in several inflight

cardiovascular ultrasound experiments in collaboration
with the Soviets and the American Space Agencies :

1982 :7days ffight onboard Saliout Vll station -1984 :

237 days tlight on board Saliout Vll station -1985:7
days flight onboard the Space Shuttle Discovery -
1988 :30 days flight onboard MIR station. ln 1985 the
Nasa JSC Space Physiology Department has carried
out an ultrasound cardiovascular experiment during a
7 days fllght onboard the Space Shuttle Challenger .

For these experiments ditferent ultrasound space
facilities have been developed : Allrst generation space
Echograph lor cardiac and superficial vessels studies
(1.3.4.5) was built up by Matra lrom a prototype
developed in our ultrasound engineering department
(1981). S€veral ultrasound funclions were available on
this device : a "B.mode' (real time imaging system )
using linear arrays ol 5 Mhz and 3.5 Mhz with electronic
focusing, a'Time Motion mode' (3,5 Mhz pencil probe),
a 4 Mhz 'clntinuous Doppler' (pencil probe) and finally
a 'Duplex mode"coupling imaging and CW Ooppler
modes and using a 5 Mhz linear array with preoriented
Doppler sensors at one ot the extremities. Ultrasound
data wers stored on video tapes. With this first
generation Echograph it was possible to study : the left
vantricle function by measuring on the M mode, the
ventriqrlar dimensions the stroke volume, the cardiac
output and ths eiection fraclion. The blood flow valu€
and the vascular resistance on the psripheral areas
(carotid, lemoral ) wers evaluated by using the duplex
probe. An AOR commercial machine was modified and
adapted to space environment requirements (Nasa JSC
program 1985) lor cardiac studies during short term
flights on board the space shuttle (2).This machino used
one mechanical sector scan transducer (3 Mhz) for B

lll Main lnlllghl Experiments and Results :

Ouring Short term fliohts an increase in the Left
Ventricle Diastolic Volume (LVDV) and in the Cardiac
Ouput (CO ) are commonly observed during the early
exposure to 0g . These parameters recover within some
hours or some days depending on the subject and tend
to stay balow the basal value during the rest of the flight.
ln addition no d€terioration of the heart contractility is
notic6d. These observations suggest that ther may be a
hypovolemia when the astrononaut is considered to
have adapted to weightlessness. The cer8bral flow is
very well stabilized by the adjustemBnt of ths cerebral
vascular resistanc€ even when th6 cardiac outpul is

significantly increasBd or decreased. On the inferior
limbs the regulation is not so sensitivB and the femoral
flow changes, as does the cardiac output The
assessment of the inferior llmbs vascular resistance and
the vascular response to dynamic t6sts (effort test)
provides information on the space vascular
deconditioning. Post flight abnormal femoral flow
responso was associatgd with the development ot an
onhostatic intolerance syndrom.
During Lono term llioht only three astronauts ware
investigated by ultrasound. The Left Ventricle Oiastolic
Volume was significantly d6creas6d ,or two of them

s,r60

mode, and Tim6 Motion mods. A second generation
Ec-tlo-Ooppler system'As de Coeur'for cardiac, deep
and superficial circulation studies was developed in our
lab and buih up by Matra (1988). This new device
includes 2 Duplex modes using imaging curved arrays
ol 5 and 3.5 Mhz, the PW Doppler and the M mode
beam bsing generated perpendicular to the surface o,
the array by any group of transducers. The maximum
depth explored by tha pulsed Doppler is 16 cm, the
Ooppler sample volume is adjustable ,rom 0.5 to 2 cm.
Time motion, Pulsed and Continuous Doppler pencil
probes can be connected to the device. A transcranial
pulsed Doppler (2 Mhz) is available lor the intracerebral
flow studies. All ths Doppler intormations are displayed
through a high resolution fast Fourrier real time
analyser. Olher functions like the automatic blood
pressuro measurBment, the evaluation of the central
venous pressure (by venous stop flow method), and
ultrasound phlethysmography have been integrated into
ths machine All the information provided by the
different modes are stored on video tapes, but can be
transmitted to the ground by downlink video
transmission. With the second generation echograph
the main cardiovascular parameters can be assessed:
the lett and right heart dimensions, the stroke volums
and cardiac output, the pulmonary flow and resistance,
the intracardiac flows (Mitral,Tricuspid flows), the
venous return (lnferior vena cava, Sus hepatic vein), the
Renal ctculation (Artery & vein), the peripheral flows
(Carotid, Jugular, Femoral...) and the intracranial
haemodynamics.



during the vvhols ot the flight. Ths rsgulation of the
c€rebral blood flow was not observed (CBF decreased)
and the inferior limbs resistance dedeased. 30 days
after landing the vascular paramaters had not
@mpletely rscovered .

S€vsral ground Og.tioulAtiels by Head Oown Tih (HDT)

whh uftrasound cardiovascular studies have been
carried out. lnitially the cardiovascular eftects of the
antiorthostatic position were assessed on volunteers at
rest. ln lhis case the cardiac parameters showed
variations comparable to the one obsorved in flight but
of weaker amplitudo. More recently H o T simulations
wsr8 used to study the vascular elfects of dynamic
tests such as L B N P or Fluid Loading and to check
thB efficiency ot thes6 tests when used chronicaly as

space deconditioning countermeasures.

Finally the Ultrasound methods have enabled the early

cardiovascular adaptation to 0g exposure to be
determined and haemodynamic parameters to be
validated tor the assessment of the vascular
deconditioning. The interest ot these results will be

emphasizsd when compared to the hormonal data
involved in the regulation of the volemia and the

hydroelectrical data. Moreover the possibility oI

following up quite continuously and atraumaticaly the

inffight cardiovascular modifications will enable the

ditlerent prophylaclic countermeasures to be tested in

orderto maksthem more etficient.
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This contribution deals mainly with methodology
and the long term adaptation. The study plan with
the above mentioned interventions i9 depicted in
figure 1.

Methods
EFFECTS OF A 1O - DAY PERIOD

OF 60 HEAD DOWN TILT
(HDT)

F. Baischl, L Beckl, H. Maassl, M. Heerr, G. Plathl,
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lntrod uction

The study group consisted of six normal male
subjects with a mean age of 26 years and maxtmal
oxyqen uptake values of 42.5 ml/min/k9666, ,,.,6;q61
(see Table 1). They all particrpated as volunte'ers a-nd
srqned an informed consent Iorm- The study plan
was approved by the D-2 Medical Board in
accordance to the rules of the NASA Human Research
Policy and Procedure Committee.

6" head down tilt was chosen to produce
redistributions o{ body fluids and adaptations in
many organ systems simrlar to the phenomena wh ich
are expected to occur in microgravity [1]. During a
baseline data collection period, a ten day period of
continuous head down trlt and during six days of
recovery, aGute interventions were performed. Some
of their cau:ed changes in the magnitude and
distribution of intravascular volume (fig, '1). Leg
volume was measured utilizing both a
circumferential and an ultrasound based method.
Electrolytes were analyzed with flame-photometric
technique emphasizing high accuracy up to a level
better than 1%. Plasma and blood volume were
calculated by determrnrng the red cell mass by the
51Cr method and measuring continuously the
hematocnt value. Four segments of eledrical body

An international collaborative oroiect. rnitiated
by the DLR-NASA Life Sciences Wor(ind Gr;up, ted to
the performan€e of an HDT study at th-e Oln thititute
tor Aerospace Medicine. Scientific and operational
questions were addressed in preparation of the D-2
spacelab mission.

Principal areas of interest were cardiovascular
regulation and fluid and electrotyte metabolism and
control. Following fields were subject to specific
examinations:
- Fluid and electrolvte turnover

(see contribution 
-lV'l- 

Heer et al.)- Compliance of the lower limb
(see contribution J.C. Euckey et al.)- Adrenerqic receptors
(see contribution H. MaaB et al.)

- Cardiovascular responses to intravenous fluid
load
(see contribution F.A. Gaffney et al.)- Hemodynamic responses to LBNP
(see contribution L. Eeck et al.)- Renal flow during fluid loadrng and LBNP
(see contribution Ph. Arbeille et al). Carotid baroreceptor,(ardia( reflex
(see contribution D.L. Eckberg et al.)- Elood pressure variability
(see contribution D.J. ten Harkel et al.).

HDT '88 Test Subiects dim mean ! SD

a9e years 26.0 !4.4
length body m 1.76 t .05

surface 5o6, 112 1.87 L16
tll3SS656y kg 72.0 ! 12

volume 66o6 ml/k9 75.8 t 2.8

metabolism b.r.l wtm2lh
{kcal/m'l/h}

'r 58.0
{38.0

r 2.9
r 0.7)

02 uptake.u, ml/min/kg 42.5 !5.4

Table t: Test subject prolile

impedance were measured with the tetrapolar
technique. Heart rate and blood pressure were
determined by the finqer plethysmoq raph ic method
[6] (Finapreso). Pulmonary blood flow was measured
with the acetylene rebreathing technique (71 at rest
and during acute rnterventions in the three phases
the study.

Tilt Table
Fluid Load
LB NP
o-,0- Receptors Status
Leq Compliance
Neck Suction
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s9 Iime [d] R7
Post

10 days HDT: Shaded area

s-r63

-10 -5 -1

Pre HDT

Figure 1 : lnterventions during the HDT'88 study



During the baseline data colledion period it was also
mearured in drfferent body positions. Total
peripheral resistance was calculated as the quotient
between mean arterial pressure and cardiac dutput .

Results and discussion

Table 2 offerr an overview of the results
described here. The period of tO days continuous tilt
with head down oroduced a bodv fluid re.
distribution [3]. Durinq the {rrst two davs the leq
volume measured at -the belly of qastiocnemrui
decreased 6 % on averaqe. A phase of a slower
progressive volume loss followed. Ouring the
remaining days of head down trlt, the leg volume
decreased up to 10%. During the first recovery day it
increased 4 % and durino the rest of the recoverv
period no srgnirrcant increise could be observed. Th6
leg volume remained below baseline levels as late as
seven days after the end of the period of continuous
tilt. The decrease at the begrnning of the ten day
period of head down tilt, haA the iame proportioni
as the increase after termination o{ it. The phase of
the slower proqressive volume loss at a relativelv
constant rate durinq the entire phase of head downtilt were accompanied by a (onstant loss of
potassium [4]. This support the assumption that
skeletal muscle mass was reduced durinq this phase
of the study. The chanoes in leo volume were
paralleled bi the time cou,-ne of the-chanqes in total
body weight. At the end of the immobiiization 1.5
kg body weight were lost.

Head down tilt reduced the plasma volume bv an
average of 16%. The corpuscular volume of the-red
cells was also reduced. The blood volume reduction
after two days of continuous tilt came up to t8% on
average. During the rest o{ the ten days no further
changes were observed.

Day by day measurements of segmental electrical
rmpedance demonstrated significant changes only in
the lower part o, the bod;. The variatiSns in ihe
impedance of the to6o segment were insignificant.
The scatter of the respectiva values was aroJnd twice
as big compared to the anthropometric method o{
limb volume measurement. Neiiher a rapid increase
at the beginning of head-down tilt nor adecrease at
the start of the re(overy phase could be detected.

The observations of resting heart rate demon-
strated no significant changes during the period of
head down trlt. During the first three days o{
recovery the.e was a tendency for hean rate to
rncrease.

The cardiac output measurements by acetylene
rebreathing technique demonstrated a decrease
during the HDT phase. Cardiac outputs mearured at
the end of HDT oeriod were as hioh as the values
obtained in an upright posture duri-nq baseline data
collection. The cardiac output values aomputed with
a relativelv (onstant blood oressure level durino all
phases of the study yielddd an increase in t-otal
peripheral resistance in the late HDT phase.

Change and magnitude of the variatron from
blood volume, electrolyte and anthropometric
measure- ments [2,3,5] gupport the concept that
he_ad down tilt and microgravity produce similar
effects on body fluid compartments.
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lvleasurements

Leg Volume

Blood Volume

Plasma Volume

Cumulative Potassium

Segmental lmpedance
Torso

BDC
mean tSD

48 h HDT
mean t SD

end of HDT
mean t SD

15t d recovery
mean I SD

5th d tecovery
mean !5D

MI
(litre)

(litre)

(mmol)

(litre)

100

5.45 t 0.86

3.05 t 0.43

0

94.2 ! 2.3

4.74 !0.48
2.56 t 0.23

-24.9

90.1 12.7

4.73 t 0.65

2.57 r 0.30

-99.4

93.5 r 2.7

5.22 t 1.06

3.02 r 0.5s

-76

92.8 r 2.6

5.48 t 0.93

3.r9t0.51
-45

Thi
cal

9t
h

Heart Rate (beats/min)

Mean Blood Pressure (mmHg)

Pulmonary Blood Flow (Umin)

Total Periph. Rerist. (dyn.Vcms)

Table 2: Retulti ovrrvirw

! 1.7
I 1.5
! 0.6

12.4
5.2
1.4

t 0.9
t 1.9
10.5

11.7
5.9
1.8

12.4t2.6
4-7t1.t
1.4 t 0.5

57.0 t 3.2

71 !4
5.8 t 1.0

994 i 255

12.3 ! 2.2
4.7 ! 1.4
1.4 t 0.5

'r 1.2 t r.9
4.8 t 1.4
1.2 1 0.5

58.3 ! 3.5

79 t5
6.5 t 1.0

1047 t 133

61.3 t 4.8

72 !8
6.2 t 0.8

935 t 154

s,164

57.5 t 5.1

71 t 4
6.8 t 1.3

895 t 155

57.3 t3.7
76 !4

5.5 ! 0.5

1059 t 117



Results:
Fi-qure 't shows the mean changes of body weight
an? mean body water loss of the six test subjects. The

EfFECTS Of 1O OAYS HDT ON FLUID AND
ELECTROLYTE METABOLISM

lntrod uction
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Feacklown{ilt (HDT) and exposure to microgravity
appear to produce srmilar changes in body fluid and
electrolyte distribution, includinq loss of plasma
volume (4,5). Changes in water balance can be
caused by chanqes in di€tary sodium intake (7,8) and
variations in dietary protein intake (2). But no data
have been previously collected under strictly
controlled conditions. Therefore the test subiects
were provided with a diet, which kept the daily
water, protein and sodium intake constant.
We investigated the fluid and electrolyte turnover in
the head down tilt position. Additionally, the impact
of an acute intravenous saline load on the water and
sodium turnover was determined in the prephase,
the HOT phase and the recovery phase, respectively.
Other aspects of th€ study have been described by
Baisch et al..

Methods:
DiTiiE-The 22 days study period the test subjects
were provided with a standardized diet, including a
daily water intake of 40 ml/kg666y 5,6;q61 and a daily
sodium intake of 2.2 mmoUkqb;6y e7i6,66s. Urinary
volume and the excretron of electiolytei and cyclic
GMP were measured over the whole study from 12 h
samples. Caloric intake during the HDT period was 10
% above basal corresponding to about 2000
kcal/day. During the prephase and recovery periods
it was 30 % above basal metabolism (about 2500
kcal). Basal metabolism was (alculated from body
surface, sex and age according to Fleisch (3). The
body weight of the test subjects was monitored
every 12 hburs. Ouring the prephase (-02), the HDT
phase (S06) and the recovery phase (R02), each
volunteer received an intravenous infusion of 0.9%
NaCl (22ml/kguoav weiaht) within 20 minutes. This
amount of 1500 ml sa['ine solution on average was
oiven in addition to the dailv oral water intake.
6uring three hours after'these fluid load
experiments, urine flow and the urinary excretion of
sodium and cyclic GMP were determined as well as
the plasma levels oI atrial natriuretic peptide (ANP)
and cyclic GMP.
Watei and sodium balances were calculated from
the oral water and sodium intake, metabolic water
and saline infusions, from the renal excretion and
evaporative water losses. The evaporative water
losses were estimated accordinq to Davidson and
Passmore (1). Cumulative balancels were determined
by adding up the daily balan(es.

Figure I : Comparison of mean body weight
changes and cumulative water balance-
shaded area = HDT

posture chanqe to HDT caused a mean weight
change of 1.0 kg body werght. After termination ol
the H-DT phase the volunteeis regained about 0.6 k9.
At the end of the study the body weight had
diminished by about 1.24 ! 1 .03 kq (mean t SD).
Two davs after the HDT and the recovery fluid load
experinient (days 508 and RO4) body weight had
detreased by 0.7 kq on average. A comparable effect
seems to occur after the firt fluid load experiment
but the posture change to prolonged HDT two days
after the i.v. infusron aaused an interference.
The cumulative water balance revealed a body water
loss of 1.4010.241 (mean !5D) after the posture
chanqe to HDT. After retrlting 0.941 t 0.251 SD body
watei was restored. At the end of the study the
cumulative water balances revealed an absolute
water loss of 1.46 t 0.151 (mean t SD).
The i.v. infusion provoked positive water balances on
the davs -02, 506 and R02 and resulted in net water
losses df 0.7 lite6 on average 48 hours after the HDT-
and recovery infusion experiment. The water loss
after the prephase infusron was interrered by the
tilting maneuver.
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Figure 2: Mean sodium balance
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After tilting to HDT a mean sodium loss of t 20 mmol
was observed. Again the opposite effect, the
restoration of about 100 mmol sodium occured at
the beginning of the recovery phase. At the end of
the study the cumulative sodiiJm balance revealed a
sodium loss of about 180 mmol.
The rapid infusion of saline solution caused apositive sodium balance on the days of infusion,
whereas the balance became neqative durino [he
{ollowing 24 hours (fig. 2). The -prephase infision
resulted in an absolute sodium loss that could not
eractly be separated from the tilting effect.
Urinary volume and sodium excretion (fiq. 3 and 4)
were increaged for more than 48 hou6-after eachfluid load experiment. urinary excretion of cyilic
GMP also increased followinq the same time coJBe.
ln contrast, plasma ANP only slrghtly increased at the
end of the rapid i.v. rnfuiioni a;d were back to
normal 60 minutes later. plasma levels ol cyclic GMp
were significantly increased 9O minuies after
Intusron onset and also back to normal one hour
later. There was no difference in plasma ANp and
plasma-cyclic GMP responses between the prephase,
the HDT-phase and the recovery ftutd toad
experiment, respectively.

Discussion:
Changes in total body weight durrng and after HDT
conformed to the expected panern (4,5,6). Caloric
rntake was strictly controlled and the weight loss was
most likely caused by a fluid loss. Furth;rmore, the
rapid i.v. infusion of about 1.5 litres of isotonic saline
solutron, independently of the study phase, always
caused increases in urine flow and sodium excretion
for more than 48 hours and resulted in absolute
losses of body water and sodium.
The mechanisms for the prolonged diuretic and
natriuretic responses after the acute saline infusions
cannot be explained by the present study. The
shortterm increases in plasma levels of ANp and cvclic
GMP mrg ht be an argument against the primary role
ol the cardiac hotmone and tts se(ond messenger in
the blood volum€ regulatron. However, since uiinarv
cyclic GMP excretion and in parallel the excretion oi
sodrum was increased {or more than 48 hours the
present data suggest that renal cyclic GMP plays arole in volume loadinq-induced diuresis and
natriuresis.
HDT provokes a fluid redistribution that includes an
increase in central blood volume, Rapid i.v. infusion
causeg a transient increase in central blood volume.
Our data suggest that the same mechanisms that are
responsible {or the prolonqed diuretic and
natriuretic responses after a rapid i.v. infusion are
involved in the water and sodium losses during the
adaptatron to the HDT body positron.
Since the reactions on the raDrd i.v. in{usions oersistfor more than 48 hours, the first {luid load
expenment was, retrospectrvely, conducted too close
to the tilting maneuver. One would be tempted to
speculate that total body water and godium content
were in some way preadapted to the HDT conditions
and only minor adaptive changes were still
necessary.

Volume excretion FL
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Figure 3: Mean urinary volume excretion. The ooen
bars show th'e effects of rapid intravenbus
infusion on volume excretion
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The orthostatic intolerance seen after
head-down bedrest and spacefl ight cannot be
complete'ly explained by the loss of blood volume
seen rrith both these interventions. An increase
in leg conpliance cou'ld produce a greater
movement of blood from the thorax to the legs
rith standing and aggravate orthostatic
intolerance. The purpose of this investigationyas to measure lower leg compl iance before,
during and after six degree head-doxn tilt to
ansrer the question--is leg comp'liance increased
by head-down bedrest?

Jav C. Buckev, Lvnda D. Lane' Gernot Plath'*
" F. Andreri Gaffnev, Friedhelm Baisch'*

C. Gunnar Bl omqv i st

University of Texas Southrestern lledical Center,
oa'llas, T)( and *Deutsche lorshungsanstalt fur
Luft tjnd Raunfahrt, Kdln, FRG.

EFFECTS OF HEAD DOI{N TILT FOR IO OAYS

ON THE COHPLIANCE OF THE TOUTR LIIiB

I NTRODUCT ION

l|4ETHODS

This study was conducted as part of HoT
'88, a nultinational six degree head down bedrest
study sponsored by the Deutche Forschungsanstalt
fiir Luft und Raumfahrt (DLR). S'ix normal male
subjects, mean age 25, were studied before and
after a l0 day period of head down bedrest.

Leg comp'liance, using venous occlusion
p I et hysmography, lras fleasured five days and three
days prior to bedrest, on the first, th'ird, sixth
and ninth days of bedrest, and one, three and
seven days afteniard. lwo different
plethysmographs were used simultaneously. one
device, the System for Venous occlusion
Plethysmography (SVoP), uses a mylar band that
fits snugly around the ca'lf. Ca'lf expansion moves
the band and turns the shaft of an optical shaft
encoder, which produces a digital pulse for each
0,02mm of expansion. The device corre'lates well
w'ith mercury-in-silastic "Ihitney" strain gauge
measurements, but underestimates the t{hitney
result (l).

The other device is an ultrasonic
plethysmograph designed and built at the oLR.
This device uses ultrasonic transducers to
transmit and receive ultrasound at three points
around the calf. In this way the area of the
tri angl e created by the transducers can be
monitored, This device has been described and
used previously (6).

The subjects rested i n a roon where
temperature was controlIed between 25 and 28
degrees centigrade. Before and after tilt the
subjects lay supine for twenty minutes prior to
testing. ouring head down tilt they yere tested

head donn. Eoth legs were elevated above heart
'leve1 by cushions at the heel and under the
thigh. calf circumference was measured with a

meaiuring tape. The SV0P band was placed over the'larqest portion of the ca'lf . Iiater soluble gel
placed under the SVoP band smoothed band movement
on the leg, The ultrasonic transducers were
placed on the ca'lf next to the band.

Occlusion cuffs vlere p'laced above the ankle
and knee. Leg comp'l iance was measured by
inflating the thigh cuff sequentially to 20, 40,
60, 80 and 100 mmHg. After reaching a plateau in
the tracings, pressure was increased to the next
level without deflation. Resting flow and maximal
hyperemic flo}{ were measured after compliance.

RTSUTTS

As expected, calf circumference declined
significantly during the head down period (Fig.
l). The mean calf circumference had not reached
its pre-bedrest value even after seven days,
although the difference between the pre and post
bedrest values are not statistically s'ignificant.
Even so, this suggests that muscle atrophy may

have occurred leading to tissue, as nell as
fluid, 'loss during the head down period.
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The corr€lation coefficient vJas O.9l xith a
standard error of 1.2 ml/l00ml . Similar to the
experience when compared to lthitney gauges, the
SVoP values were approxinately 701 to 80% of the
ultrasonic values. one possible explanation for
this is that the SVoP is relatively insensjtive
to volume changes in the anterior portjon of the
leg which constitutes approximately 20-25% of the
muscular volume of the leg.

- . To make comparison of the tota'l compliance
(or distensibility) of the leg easy over tine, a
sing'le nunber to represent compliance was
defined. This nunber, the compliance integral, is
the area under the curve produced when 1eg volume
change in ml/lOOml is plotted versus o;clusion

COMPLIANCE INTEGRAL VS. TIME

-05 -05 soo so2 s05 sog Rol R03 R07

a svoP ia svoP 2
O ULT

Fi gure 3.

Also, the deep veins in the le9 are very
thin walled and do not have significant
sympathetic innervation (7). Ludbrook (5) using
subcutaneous epinephrine and Euckey (2) using ilRI
images of the 1eg have shoxn that the deep veins
contain nost of the venous blood 'in the leg,
During a compliance measurement approximately 50-
50u of the increase in calf volume is due to
filling of the deep veins.

This is significant because the compliance
of these venous spaces and indeed of the calf as
a whole is probab'ly determined to a great extent
by the distensibility of the surrounding muscular
tissue. If this tissue should atrophy, as would
occur during bedrest or spaceflight, this cou'ld
'lead to increase leg compliance and aggravate the
orthostatic intolerance seen after spaceflight.
Ihe data from this study tend to support this
conclusion, but are not conclusive,

Ihe data do shor,r, ho|rever, a clear tendency
toward a greater comp'l i ance i n the recovery
period. lf the 'longer cuff inflation tines did
lead to greater tissue filtration, this irou'ld be
expected to decrease compliance, and not lead to

artifactual increase in compliance. The data
R07 are more difficult to explain. If tissue
ophy had led to a increase in leg compliance,
n this should be improved seven days after
d doxn tilt. The degree of vasoconstriction in
leg is not knonn, but resting f'lor, on R07 nas
d i fferent from pre-bedrest va'lues.

In conclusion, both this study and the
study by Louisy et al. (4), shox a tendency for
increased compliance after head-do'xn ti'lt.
Although the existing data does not allow this
change to be defin'itively ascribed to muscle
atrophy, this scenario is likely and points to
the need for more, carefully performed studies of
the I egs with weightlessness.
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pressure. This number roughly corresponds to
total amount of fluid put int0 the le'g during
compl i ance measurement. Statistical -analysi"s

these numbers revealed the same results ai on
indi vidua'l pressure I evel s.

_ Figure 3 shows the resujts from the study.
For both the SVoP (SV0P2 on the graph) and t-he
ultrasonic device (ULT) there is -a cliar trend
toward greater leg compliance during and after
head down ti lt. Analysis of the- individua'l
records revealed a confounding variable. The timeto reach a p'lateau in the compliance records
shof,ed a tendency to be greater in the late
bedrest and recovery measurements. To compensatefor this, measurements were taken tl{o ;jnutes
into each pressure level , This data is shown on
Figure 3 as SVoPI data. A repeated neasures AIIOVA
on the SVoPI data revealed that R07 compl iance
was significantly greater than the pre-bedrest
values (p<0.05). Also, if the pre-bedr;st data js
combined and compared to the combined ROI and RO3
data, - then post-bedrest compliance is
significantly greater than base'line ip<0.05 llann-
Ih i tney U test).
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Leg compliance or distensibility as
measured -by venous occlusion p'l et hysmog raphy is a
complex function of the amount of tissue in the
leg, the turgor of this tissue as well as venous
distens'ibiljty. Convert'ino et al . (3) studiedseveral factors that might affect le9
distensibii ity and found itrat calf c.oti
sectional area and calf volume rere the two
factors that correlated best rith measurements of
compl iance in their study.
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RESPONSES OT ADRENERCIC RECEPTORS TO
SIMULATED WEI GHTLESSI{ E SS

(6" HEAD DOgN TILT)

Ha rtmut Maass, Joao TransEontano,
Friedhelm Baisch

DLR-Inst itu te for Aerospace Medicine,
D-5000 Cologne, FRG

Stress rela ted hormones under simu-
lated rreiBhtlegsness, their produclion
pattern and influenc e have been investi-
Sated in the past. It has been demon-
s trated that the erc ret i on rate of epine-
phrine is reduced under bedrest
conditi.ors (1) reflecting altered activi-
ties of the autonooic nervous systeE.
In 8eneral, if hornone Ievels chanSe
for a 1on8er period, Ehe function of
their corresponding target ce11s llay
also change noticeably. The function
of tarSet ce11s is very efficiently
reSulated by the ava i 1a b11i ty of bindinS
sites for the circulatinS horDones.

Both the receptoa density and responsive-
ness to the appropr ia te horDone contact
can change in reac t ion to altered condi-
tions.A reduced catecholanine co nc en t ra-
tion as observed durinS bedrest could
therefore Iead !o an altered state
of Lhose ceIIs carryinB adrenerBjc recep-
tors vith respect to the density and
responsi{eness of theae recePtors'.

Methods and Resul ts

and adjusted to the desired concent16-
tion. Viability tests l{ith Trypan blue
revealed in averaSe 952 of the lympho-
cytes being a1ive. The platelets vere
vashed r counted and adj usted to the
vanted final concentration.

The bindinS assay for a I p h a , - r e c e p t o r s
vas perqormed by radioliSand- titration
v/iLh ("H)-0-nethy-t-yohimbine (0.5
l0 uM). The calculatlon of max. bindinS
sites followed Scatchard's I'1ot (7).
The densities of the alpha-recetors
on platelets are Siven in Table 1.
AlthouSh there is a broad variety of
individual densities amon8 the volun-
teers, an increase during the HDT Phase
and a decrease aftersards are observed.

Table l gives an overviev for the Eean
a1Dha2-bindinB sites per p1ate1et.

Dav AlDha Î -i ndi;i ;i t;;7t1ate1 er
Dean + SD

s-5

R7

89
t't7

46

24
36
I

J
I
a

rilt (HDT) study 1988 at the DLR-Insti-
tute for Aerospace Med i c ine (the studyrs
desiSn in detail is pu bl ished elsevhere )
aIpha"- and beta,-receptors Yere investi-
gaLedi For this' purpose blood saDples
of the six youn8, oale volutlteers were
collected on days S-5 (i.e. 5 days before
HDT), 57 (i.e. day 7 of the HDT period),
R7 and R155 (i.e. 7 daYs and 155 daYs
after HDT, on day R155 for beta-recep!ors
only). Blood platelets vere chosen for
the model of ceI la ca rry i ng alpha-recep-
tors, lymphocytes represented ce11s

tft 5' v+361 lgIS;'"o'F P ttl'.' [tLi'.a . e r r u t a.
fractions foloved oethods described
in the literature (2-7\.Di1uted heparini-
zed blood vas centrifuged on a FicolI-
Paque (Pharmacia,FreiburS) gradlent.
The lyDphocyte layer vras harvested and
separated fron the platelet rich plastna
above, resusPended and spun again. The
platelet rich plasma and the supernatants
vere used for the isolation of the plate-
lets by viSorous spinning. PinalIy'
the washed lymphocytes were coun!ed

549
l39l
1665
1250

22t
556
537
578

The responsi veness of the beta-receptors
vas Beasured by the production of cyclic
adenosine-3r-5'-monophosphate (cAMP)
after Daxioun stiEulation of living
l yBphoc ytes by addinS (-)isoproterenol
bitartra te. The con t rol saoPles received
buffer instead. The stimulation vas
stopped by adding distilled va!er and
inEediate boilina of the saoples. After
spinning the debris the cAMP concentra-
tions of the supernatants t{ere done
by a radioinmunoassay (DuPont,Dreieich).

,urin8 the in!ernationa t head-down-

The bind ing assay for betar-recePtors
was carEi,ed out by radiol iganif titration
virh ( ' ' ' I ) ( - ) - 3 - i o d o c y a n o p i n d o 1 o I (10
- 500 pM) and subsequent calculation
of the mar. high affinity bindinS sites
according to Scatchard. The densities
ot the beta.r-receptors on Iyophocytes
are shol,n if TabIe 2. A lorer level
of bindinB sites is seen only before
the HDT phase, vhereas the densities
during and after HDT are on1, sli.8ht1y
changed vith hiShest mean densities
shortly af ter HDT.

Table
beta2

2 Sives
binding

an overvievr for Ehe nean
sites per lymPhocYte '

Dav Betar-binding_ mean +
si tes/l ymp ho c yte

SD

s -5s7
R7
Rl55

1
+
+

The Physiologist, vol. 33, No. l, Suppl., 1990
s-169



s -5s7
R7
R 155

of beta.-receptors
(cAMP)+i; i6u 1.n t/( cAllP) -stimul ant

lilean + sD

2 .5).
2.46
2.67
1.95

o .49
0.85
1.18
0.71

A significant 1y al tered responsiveness
of Lhe beLar-recepLors durinS the HDTstudy is _ not detecLable. Lowest
responsiveness is observed 5 Donths
6fter the study.

Though the results are obtained
fron a sEalI Sroup of subj ects ag8rava-
tinS statistical evaluation, reduced
densi t ies of adrenergic receptors prior
to the HDT perlod and increasing durinS
HDT are Doticed. ?his coincides inversely
rith the catecholamine exc re t ion rates
being high before and lover durin I HDT.
Cor t isol leveIs are el eva ted throughout
that period . therefore it is suggested
that on day S-5 the adrenergic receptors
reflect a rather stressful situation
before HDT resulting in a dovn-reSulation
of the receptors. Gmiinder et a1, (to
be published) found siEilar results
in vesti gat ing the l ynphocy tes r esp ons i ve-
ness as activation to concanavalin A.
The responsiveness vas severely reduced
beyond the end of rhe HDT phase. On
day R155, Bon!hs 1arer, and rrithour
aly other manipulations anticipatinB,
the subjects shoe hiBher densities ;f
betaz bind in8 sites reveali ng
difI6renL, hi gher basel ine.

Ihe
than

recovery of added cAllP r.as Eore
98U.

Table 3 8ives the responsiveness to
st i mulat ion by the fac tor o b tained from
the cAMP productioD vith stinulant
aga ins t CAMP production without
stinnulant.

Dav Respons i veness f actor

The alphar-receptors densit y decreases
after HDT and may sugSest soEe up-re8u1a-
tion during HDT. Bur rhis night reflect
also the short half-Iife of the plare-
1ets. The beEar-receprors mean densities
give onlya ten'dency that a sliSht up-
reSulation effect durinS tlDI etists,
thouSh the receptors responsiveness
is u nchanged throuShout the study.
In conc lusi on one night specula te about
an up-reSulation of adrenergic receptors
during siDulated veishtIessness and
even beyond due to decreased catechol-
anine leyels. Fron the fev data, horever,
it is not possible to give firm evidence.
The effects nay be masked by different
Ievels of s tress dur ing the investiga-
tion.
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IHt EFFECTS OF A IO-DAY PERIOO OF HEAD.OOTIN TILT
ON THI CAROIOVASCULAR RESPONSES TO IIITRAVENOUS

SAL IIIE LOADING.

Resu l ts ,

All subjects tolerated the sa'line f'luid load liell
and reported no symptoms. Sal ine infusion
Droduced siqnificant (p<0.05) but transient
i ncreases i n p'lasma vol ume and total bl ood
volune, stroke vo'lune, heart rate, and cardiac
output (Tabl e l).

IABLE I. HEI'IODYNAHIC RESPOI{SE TO BLOOD VOLUME

EXPANSION BEFORI, DURING AND AFTER HDT.

BV

(l )

Pre
HDT
Post

-5 nin
5. 2l
4.5?
5.09

+20 flin
5 .91
5. 19
5.89

3r6
8i7
2r5

7l
64

IO
5I
45

+60 min
lUniversity of Texas Southwestern lledical Center,
Da11as, Texas, 2ilax- Pl anck- l nst i tute, Gdttingen,
FRc, sDLR-Deutsche Forschungsanstalt fur Luft-
und Raumfahrt, Cologne, FRG, aUniversit6 Francois
Rabel ai s, Tours, France. 66

60
56r
60 1
60 1

HR
(beats
min)

Pre
HDT

Post

5 .47
4.77
5.37

t2
IO
2

4
3
3

I
1
t67

t7
l8

i3
!?

r8
r6
!7

I ntroduct i on .

The effects of a l0-day period of -6' head-dol{n
tilt (HDT) on the cardiovascular responses to
intravenous saline loading were examined during a

recent international study performed at oLR. The
bas'ic study design, subiect charactenistics, and
various phys'iological findings are presented in
several companion papers included in this
synpos i um.

lle tested the hypothesis that relative
dehydration and hypovolemia as produced by actual
and simulated microgravity alter the response to
intravenous sal ine loading. A larger fraction of
the infused volume is retained, and the acute
hemodynami c responses are nagnified.

Isoton'ic saiine was selected in preference to any
col loidal solution (a) to minimize potential
interference with other physiological studies,
and, (b) to ref'lect the use of sal ine loading
during spacefl ight as a countermeasure against
orthostatic hypotension on return to I g (1,2).
l.V. infusion was preferred over oral
administration to control tightly the volume
enteri ng the intravascular compartment.

Methods and Procedures,

Six nomal ma'le subjects, mean age 26 14 years,
rere studied 2 days before HDT, on the 6th day
during HDT, and on the 2nd day of recovery.
Isotonic saline, yarmed to 37 degrees C, was
i nfused over 20 ni nutes at a constant rate
determined individually to produce a total volume
of 2? n1/kg. Cardiac output was measured by the
foreign gas rebreathing technique using acetylene
as the soluble and heliun as the insoluble
indicator gas (3). Heart rate was monitored by
ECG recording and arterial pressure was measured
by the Finapres technique, Baseline red ce'll
mass l{as measured by the standard 5lcr method.
Plasma vo'lume was nonitored indirect'ly by
combining the data on red cell mass and frequent
measurements of hematocri t.

sv
(ml )

Pre
HDT
Post

81
85
84

l0
IO
l0

101 !
103 r
94r

Pr
HD

Po

49
33
46

+ ?q

r .40
r .45

62
42
40

BV = total blood vo.'lune, HR = heart rate, SV --

stroke volume, and Q = cardiac output. Pre = 2

days before HDT, HoT = 6th day during HDT, and
Fost = 2 days after HDT.

a
( I /mi n)

e
T
st

6.62
5.79
6.01

t
t
I

7

6
6

8
7

7

t
I
1

03
68
23

l'lean arterial pressure was unchanged YJhi'le total
Derioherai resistance decreased. All changes
were naximal at the end of the 20 lI]in infusion.
Heart rate had returned to control values within
I hr, while blood volume, stroke volume, and

cardiac output tended to remained elevated.
Basel i ne hemodynami c states di ffered
sionificantlv with the phase of the study, but
th6 hemodynamic responses to fluid loading
before, duiing, and after HDT were qua'litatively
and quanti tati velY simi lar.

The dvnamics of the blood volume expansion are
docum6nted in Table 2. The magnitude and tine
course of the changes v./ere again independent of
HDT ohase. Tab'le 2 reflects the lunped data from
all 3 studies. Approxjmately 45% of the infused
sal ine remained in the intravascular space at 20

nin, and l5u to 20% uas retained at 60 and 120

min after the start of the infusion.

TABLE 2. II{TRAVASCULAN VOLU}IT EXPATISION

Time, l'lin' Volume, ml '

lnfusion 0-20 l'600

Plasma Vol . + 20 72o
ExDansion' +60 270

+120 290

Per Cent

100

45

17

l8

The Physiologist, vol. 33, No. I, Suppl., 1990

(Lumped data from all phases of the HDT study)
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Rapid infusion of a large vo'lume of normal saline
can be performed safely in healthy subjects and
produces transient changes in hemodynamic
parameters and intravascular vo'lume. 0nly a small
fraction of the infused volume is retained after
I hour.

Plasma volume lias equally well regu'lated in all 3
experimenta'l condi tions, including the
hypovolemic state produced by HDT. The resistance
to volume expansion and the maintenance of the
contracted vo'lume and during HDT indicates that a
new set-point or operating point for intra-
vascu l ar vol ume control had been establ i shed.
Infusion during HDT a'lso produced virtual'ly
identical acute hemodynamic responses as pre-HDT.
The subjects renained in a state of relative
dehydration and hypovolemia until resuming
predominantly upright position post-HDl.

The presence during HDT of a new operating point
for the regulatjon of intravascular volune has
important implications for the design of counter-
measures intended to counteract microgravity-
induced hypovolemia and orthostatic hypotensjon.
It is unlikely that an equal vo'lume given as oral
saline 'loading would have a greater effect than
an intravenous infusion. If only l5% of the
infused sal ine remains in the intravascular space
after l-2 hours, the hemodynamic effects are
likely to be marginal . Data from several sources(4) suggest that a blood volume expansion of
about 300 ml . is required to produce a measurable
i ncrease in orthostatic tolerance.

The i nfused sal i ne di sappears from the
intravascu'lar space by two primary mechanisms:
filtration into interstitia'l space and renal
clearance. llost of the ear'ly loss of the infused
vol urne is accounted for by tissue filtration.
urinary losses are quantitatjvely less important
during the early phases of volume loading.
t,npublished data from our i aboratory (llatenpauah
et al .) from a similar study infusing 3,000 ml .
showed 38% retained intravascularly at 20
minutes, with 55% transferred to interstitial
space, and l2% el iminated by the kidneys.
Corresponding percentages at 60 min. riere 15, 55,
and 28%. Insensible loss accounted for the
rema'inin9 2%.

0i scuss i on.
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our data indicate that a sizable portion of the
infused volume does not leave the body during the
early post-infusion period, and may therefoie be
nobi lized later to maintain an increased
intravascular volume for a relatively long
duration. However, it is tikety that salini
loading needs to be supplemented by other
procedures to produce optimal hemodynamic
benefits. llaximal exercise and lower body
negative pressure do not cause 'immediate plasma
volume expansion, but these interventions induce
a delayed and prolonged salt and xater retentjon.
These effects combined with sal in.e loading, may
constitute an effect'ive anti-orthostatic counter-
measure fol lowing bedrest and exposure to
mi crogravi ty.
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EFFECT OF A IO-DAY HOT ON THE HEMODYNAMIC
RESPONSE TO LBNP

lntroduction

Head down tilt (HDT) bed rest alters the response
to the application of a negative differential pressure
to the lower body (LBNP). lt reduces the tolerance to
this stress. Severil reasons are usually invoked to
exolain this {act: reduced intravascular volume;
altired volume / oressure relation in the lower limbs
facilitating fluid pooling; and altered pattern o{
neurohuiroral control. These are the same
mechanisms invoked to explain the impairment of
orthostatic tolerance found after space flight.

Methods

Studv framework and other methodologi(al
asoects;re detailed in the contribution by F BalscH
et al. in this issue. LBNP was applied rn the three
ohases of the studv. The sessions were conduded in
ihe pre-tilt phase 

-on 
day -04, in the HDT phase. on

davi Soa and 508 and in ihe recovery phase on days
Ro() and RO4. Both in the pre-tilt and in the recovery
ohase- LBNP was oer{ormed in the 5" head down
'bosition. The oosture was adopted one hour before
ioolication ofthe stress. The Ap profile applied after
a 30 minutes resting period lor control
measurements was as follows:
-1 5 mmHg during 15 minutes
-30 mmHg during 05 minutes
-40 mmHo durino 15 minutes
Ten min-utes w?re allowed for post LBNP data
collection. The test is quite rigorous and the load
adds uo to 975 mfiiHqxminutes Different
measurements were performed during LBNP. O{
relevance for this report are the following:
" oulmonarv flow bv the acetylene rebreathing

iechnioue, that will be refeired to as Cardiac
Outoui (cd), was measured in the resting period,
at Ap 15 and 40 and in the post-stress control
oeriod;

' btood pressure (8P) by the finger
plethysmograph ic method and

" electrocardroqram(EKG)
BP and EKG were recorded continuously.

Discussion a nd conclusio ns

The initial LBNP-level (Ap = l5mmHg) caused a

resoonse that has already been descrrbed as barg
,l?lJiio bv low pressure baroreceptors. This
resoonse is iharacterized by a decreased stroke
,"--t'rrne ana cardrac outiut, increased total
oeriotrerat resistance but constant blood pressure
Snairelrt rate (t). With increasing Ievels ol negative
Dressure there is also an increase in the heart rate
ind a {urther increase in total peripheral resistance
These chanqes are thought to express the
orooressive- involvement o{ the arterral
Siio-reiepton. rnis pattern of response was {ound.in
all threi ohases of the study. However, the
maonitude of the response was markedly- larger in

the-HDT Deriod and in the early phase ol recovery
ihin duriirg the baseline pre-tilt period.

Pre-LBNP data were collected in the pre- and post

HDT ;hases of the study after one hour in the 6"

l"ua'Oo*" position. This may have magnified the
diflerences between the responses belore ano
Jrnno t,tt. Central blood volume and cardiac filling
*"r'" iroUaUtv increased acutely during the control
ohise'before'but not durinq tilt when the system
5iso has to deal with red ucedlntravascu la r volume'
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Results

ln all three phases of the study the application of
LBNP resulted in a decrease in stroke volume, an
increase in total oerioheral resistance and heart rate,
and a decrease in caidiac output. Only ,our of the six
test subiects were able to complete the LBNP
protocol at the end of the HDT Phase.

The heart rate response to LBNP was conrormed
to the exoected Dattern (2) and was mu(h larqel at
the end 6f the ten dav head-down tilt period and
durino earlv recoverv than at baseline studies belore
tilt. Tfe co;trol values pre LBNP were similar in all
three ohases of the studv. The heart rate increase
durino maximal LBNP lo;d represents about 21%
Irom ihe control in the pre-tiit phase and o{ 36%
during maximal LBNP in the HDT phase

Baseline stroke volume was reduced by 15%
durino the HDT phase with respect to the pre-HDT
ohase-stroke volirme. During l-BNP at'40 mmHg it
ivas reduced bv 33 ger cent relative to pre-tilt
measurements.the increase in heart rate under
maximal LBNP load did not compensate for the
marked decrease in stroke volume leading to a

noticeable decrease in cardiac outPut.
Measurements during HDT showed signifi(antly
reduced cardiac outpu-t values at rest and at all levels
of LBNP.

Both durinq the pre and post HDT phase the
mean arterial iressuie remained fairly (onstant ln
the HDT ohase there was a more pronounceo
increase in mean pressure during maximal l€vel of
LBNP.

ln the three phases o{ the study total peripheral
resistance increised during LBNP application and
returned to control after ielease of the negative
oressure. The increase represented 2O0k and 320,6 ol
ihe control during the ire-tilt phase and the HDT
phase respectively.

The LBNP response pattern during the recovery
period was intermediate.



ln fad, blood volume decreased bv t8% durino the
HDT phase (see F. BatscH et at ir; this issue).-This
resulted in a decreased cardiac outout under restino
conditions pre LBNP at the end of ihe HDT phase. tti
values were comparable to cardiac outDuts
measured in the pre-tilt phase of the study in the
upnqht posture.

The increase in heart rate durino LBNP was not
sufficient to compensate for the de?rease in stroke
volume induced by head-down tilt which eventuallvled to the occurrence of ore-svncooa'l
symptomatology and premature interrupti6n of ihe
LBNP test in two test subjec$ during the late tilt
phase. The decreased'intravascilar volume
associated with decreased cardiac filling and reduced
resting stroke volume seems to be to t qreat extent
responsible for the more pronounced reiction found
in the HOT phase.

Nevertheless, other chanqes induced bv HDT mav
have contributed as e.g. the-increased abilitv of th6
lower extremities to pool volume (see J. BucKEy et al.in this issue) and the altered neurohumoral
regulatory mechanisms (cf. D. ECKBERG et al. in this
issue).

These results document that HOT produced
orthostatic intolerance (see also J.D. TEN HaRKEL et al.
in_this issue) and provide further support for the use
o, HDT as a means of simulating microgravity during
studies of cardiovascular functi6n.
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I . INTROOUCTION

Welghdecsness lrduces a signilicant fluid shift lrom the legs

tovrard the cephalad pan ot the body (5.10). This transfer of liquh
simulates a sudden central hyp€rvdemia ard triggers

neurohormotEl systems which try to regulate the f,ow distributlon

and to .€duce the vdemh. Within some hours or some days the

cardb\aascdar system o{ iho astrorlaut reaches a new and quhe

staHe haonEdynamic equilibrlum characlerized by a hypovdemla

(2.3.8.13.15.16.).

Sevoral physical tests tlas beeh suggesled to simulate (on the

ground), lho c€rdio,/ascular sffects of zero g enviroomer and to

study the mectBnisms lnvdv€d ln the regulallon ol the

cardi)rascular functio.r. The Head Down Tilt (HOT) is the most

wudy us€d meihod for og simulations (4.6.7.9.12.17) . This tesl

lsads to a hypovdemh as obs€Ned during space f,lghts. The LBNP

(Lo\,ver Body NegEtlve Pressure) lnduces a cenlEl hypovolemia

which pro,/okes a lto.v redistribuion in dilferent organs, such as

brain, kldneys...(1.11) . On tho other hand intravenous infuslon ol a

salln€ sdutlon (fuij loadinq) generates a hypeNolemia which also

disiubs th€ rsgb.lal frows.

Previous dtrasourd doppler studies have demonslrated that the

cerobral ttow remalns quite stable even during significanl

rnoditicatlons oa ths vdemh and the cardiac outptlt because the

cerebral vascular resislance change very qulckly and contrd the

infro'v tov,ad th€ brain (2.13.).Th€ aim ol lhls paper is to study lhe

reml fio,v,€sponse lo thsso ditlerent siluations of hypo or

hype.vd€mia.

II . MATERIAL AND METHOO

The renal fo/v was lnvestlgated by pulsed doppler ultrasound

method uslng duplex uhEsound systems combining I mode' and

tlma motion o. dopder.
The rtght kilney was vizualized in a lransverse incidence

perfomed iust below the costal border on the right laleral skle of

the sublect. The puls€d dopder sample volume was localed al the

16/€l of the rnain trunk of lhe reml anery. close to lhe hile. The

dopder slgnal was disday€d lhrough a trequency spectrum

analyser. The dopder speclrum ol the renal artery shows an

impo ant dhstolic flor due to the tact that the kidney is an organ

with vgry low vascular resistance. The amplitude ol lhis diastolic

component ls ctosely relaled to the imponance ol the vascular

reslstance ln th€ area supplied by the anery (14). The renal vascular

r9sistance ls evaluated by using the resislanc€ index Rr = S'D/S

with S and D the rnaximal systolic and end diastolic lrequency

amplhude, on lho spsctrum (flg.l). This parameler has taen used ln

various pathdogiss (on adults, lnfants and letuses..) and ls

con6ldor€d to changg ln proponlon to the vascular resistance . Thls
lndex Is genorally usod for lhe detectlon of any change in the
an8dal vasomotrlcity such as tha c6.ebral vasodilatation on patienl

brsathlng Co2 or the cerebral vasoconstriction on hypeNentilated

lrrarts.
Tho r6nal f,ow was lnvestlgBted in four dillerent conditlons on

whlch the vdomla was suppos€d to change :

a) A ono month HOT experlmont (CNES,87€8), with 6 subiects
rgstlhg, ard 6 subiects submhi€d to repeated LBNP tests

throughourho HDT p€riod | (2 to 4 LBNP of 20 mn long p€r day at -

30 mn Hg). Th€ obJective of thls experlment was to evalu:fe the
long term sfiect of rsp€ated LBNP on ths cardiovascular
parameters ard the vascular decordilionning. The cardiac outpul

and the vdemla were rnaintained on the subiects under LBNP, and

dscraas€d oo the contrd group (at resl). The renal flow was

lnvgstlqai€d 5 llmes for each ol the 12 subiects approximately each

wesk during tho one month HOT and at leasl 2 hours after any

LBNP s€sslon. The resulls wgre lr erpreled according to the data

conc€mlng the volemh ard the cardhc lunction.

b) A lO days HDT (DLF€8) durjng whlch each of lhs 6 subjects

tlad two LSNP sssslons (rc mn long, al - 20 to - 40 mn Hg) and

lntravsnous lluii loading (22 ml/kg = I to 1.5 I ln 20 mn). ln thls

caso lho p{rpos€ of the cadiovascular examinatlon was to study

the acuts response ol the renal folv to physlcal rnanewers (LBNP'

F'luid Loadlng) irduclng hypo or hyp€Nolemia. The measurements

were psrlo.m€d during and alter these tesl. The subiects had LBNP

and Ruld Loading sossions b€fore, during and after HDT.

c)Th€ 25 days French-Sovlel spaceiight (Aragat2.88) on board

ih€ Mlr Stallon. Sir lnfighl measuremenls werc taken at

+4,+5,+15,+18,+20 and +24 days on one subiect ln order to
sludy iho r6nal io,v adaptallon lo ths hypovolemia lnduced by the

z€ro g erMronmont.

III. FESULTS ANO DISCUSSION

a) Rsnal fow chanoes durlno LBNP :

During the ISNP tosr (at t5 mn. - ,lo mh Hg) the rerEl resistance

hdex ( R, ) slgnlllcantly decreases C13% +/- s) ard recovers 5

mn altsr th€ erd of ths lest (tig.2). At the same time the left ventricle

dlastdlc vdurn€ (LVOU as well as the cardhc ouptn (CO)

d€creesg (LVOV : - 20% Co : - 25% approx) which is ln tavou. ol a
csnlral hypovdemla. Ths roml response lo LBNP rernained the

sam€ bsfo.e, during, ard after the l0 days HDT period.

b) Efl€ct ol chronlc LBNP on the renal circulation :

Th€ rer|al rsslstarcg l.dex (Ri remains staue and slightly

€l€vat€d on th€ subiects submh'ted lo r€peated LBNP. all during the

o.le morih HDT p€dod (+5%+/- 5) (fig.3). On lhis group lhe left

venrriie dbsidlc volume (LVDU and the cardlac out En (CO) slay

abo,/e th€ bssal value m€asu.ed b€fore the HDT (LVDV + 5% ; CO

: +t5%). On th€ group without LBNP treatment lhe cardiac
pararneisB are decreas€d (LVDV: 5%- Co: 5%) as well as the renal

lndex Rr Clo% +/- 5) (tlg.3).

c) Roml iox adaotallon lo 0o oxoosure :

During th€ ilght, th€ r8nal reslstance lndex (Rr) slays below the

basal valuo (PrB nbht) (fi9.4). The left ventricle diastdic volume

(LVDV) ls decroas€d (10%) dudng lhe whole of the flight ho,/ever

th€ cardlac od put (CO) rornalns above the basal value (+5%) due

to th€ lncrease ln lho hean rab.
d) Renal frow chano$ durlno fiuH loadino :

Tho lnt.avonous lntuslon of about 1,5 llters of sallne solulion

lncrgasss thg vdsmla ard the cardhc parameters (LVOV: +20% -

CO: + 25% spprox). Al lhs sams tlm€ th€ renal reslstance lndex (Br)

lncreas€s dgnncantly dudng lhe Inluslon ( + 1 2% + /' 4) and does

not reco\rer lmm€dhtdy after the eM ol the infusion. (fig 5) .

Flmlly we observe that ln lhe case ol central hypovolemia

lnduced elthgr by zero g snvironment or by long term HDT or by

LBNP man€wor tho rgnal vascular resistance decreases

slgnlflcantly. Thls variation could be inlerpreted as a vasoactive

respoGo ol the renal vascular area (vasodilalation) in order to
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mair aln thg r€nal pertuslon. The sams haemodynamlc adaptation
has already b€€n obs€rved tor the braln. ln the case of
hypsNdemla lnduced by Fluld Loading or by repeated LBNP test,
the agnal vagcular reslstance index lncreases which suggests an
anerial vasocoostrictlon ln the renal vascular b€d probably to
prevent any lncrease in the renal f,ow despite the elevation of the
vdomh. The renal fo,v response seems to be very sensitive to the
varlatlons of the vdemh. The fdlow up of lhe renal haemodynamics
wlll probauy be of grEat lmerest lor the assessment o, th€
cardio/ascular disturbances lnduced by microgravlty and tor the
evaluation of thg effclsncy of counter moasures like LBNP or Fluid
Loading oa exorcices lnlerded to reduce the cardlovascular
decordhloning.

Rr= S-D/S

I
I

tln
pre infiiOht Posi {ighT-

FRENCH. SOVIET SPACEFUGHT'ARAGATZ
on bolrd MIR ttrllon (26 Nov- 21 Dec )

HDT SA.FLUID LOADING

Rr=s-o/S HDT 88. L.B.N.P.

-40mmHg
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-t0%

-20mmHg
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Fio 2
10'

HEAD oOWN TILT ( I Monlh ) .
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I

30' 45'
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A6tronauts exporLe!tcs post-f11ght
orthoatstlc hypotension aDd Eay hava
lapalaod barorefl€xes. tlo studi€d
changes of caaotld baroaeceptor car-
dlac reflex fuDctlon 1n 6 den before
aod du.lnB 1O daYs of 60 head-do*n
t11t. Dur.1n8 held explratlon' {0 EEHg
of p.c!9ure t as aPPlled to a oeck
chaobsr' fol1or.ed by l5 n llE' R-t ave
trlggered decreDeDts to -65 EilB8. B-R
LDt6ryaIs l{6.e plotted aBainst catotld
dlstendloB pr'63lures. The slope of the
resDonge decreased froD 5.0 + 0.4(SEll)
nsec/otDgg (co!trol) to 3.6 10.7 (day
10r P:0.11) and lncreased to 4.0 + 0.8
by day 7 of r6covery. The raDge of R-R
Lntorval aosponses decreased froE 263
+ 31 (control) ro 182 + 18(day 10)
fp=0.03) and returnod to 215 + 40 trssc
during recovery. Those resuLtg suSSest
that hsad-dol.n t11t (widely used as a
oodel of olcro8ravLty) day lEpalr nor-
Eal blood prosgure coDtrol EechanlEBa
by reduclng both the 8a1n aod the
range of carotld baror0fler responsos.

rIlR0DUClrON
AstronautE expet'1eDce a varlety of
changes of caadlovascuLar fuDctlon durlng
space bravelr lncl'udln8 elevatlons of
h6ar! rate, systollc and oean arterlal
pr6gsurss, aEd realuctlons of dlagtoIlc
pressures. ALthouSh usuaL1y asyoptobattc
durloB fIlShtr soDe aatronauls becooe
sy[ptonatlc upoo return to earth. Prlnary
syEptoos provoked by carallovasculaa dys-
functl,on ay tncl,ude orthostatic hypotoo-
slonr tachycardla, PresyDcope or oyncop6t
and teduced exerclge caPacltY.

Although loss of btood volune tray account
for sooo of the changes ln cardl'ovascular
lunctlonr thls Eechanlsu 1s probably not
a gufflclent explanatlon, becauge coD-
parable blood voluEe aeductlons Io ter-
restrlal Ean do trot provoke the satre
changes recoadcd aft€r spac€ taavelr and
!estoretloB of bl,ood voluue after sr.Eu-
Iated Dlcrogravlty does not restore car-
dLovasculat functlon to rrorEal' Aoother
explanatlon nay be that norlta1 autoDooic

caadlovascular cont!'oI llechanlsos 6ay b€
dl3rupted alu€ to the heoodynaolc changea
that occur durlng exposure to
olcrogravlty. one of these Dechanlsos t
the carotid baror€ ce ptor-cardlac aefl6x
respoBse, has been the focus of Eany of
oui 1!rvestiSatloas. The hypothests of the
current study ras bhat head-dor.n t11t, a

ScneiaIly accepted BodeI of slcrogravlty'
16paLrs th 1s reflex.

I{ETHODS
Ie studied caaotld ba rote ce p to I - c a rd 1a c
reflex functlon in 6 healthy young Een
before' durlng, and after 10 days of 50

head-dol{B t1lt. Durlng held explratlon'
{0 EuHS of pressure eas aPpLlod to a
tlEhtly soatlng oeck chatrber and held for
5 seconds. Then, tho Doxt ? R-raves each
trlagered a 15 tsEll8 decroEental step ln
n0ck pressure r unt11 -65 uoHS xas
reachgd, aDd Irag thgn reteasod. Thls
sblBulus sequence r,as repgated ? tlu€3
and the data l,ere avoraSed. R-B lnterval.s
t{6r€ tleasured fron tbo electaocardlograD
aod pl,otted aSalnst carotld dl3t6adtn8
pressureg (systollc - neck chaobar
Dt€35Urel the data aae reduced to the
fotLoelna varlables! lnLBuo R-R lnter-
vali pressure at alnLouE R-n; oaxlouE R-R
i.ntervali pressure at EaxlouE n-R; ra!8e
of n-R lnterval respoDsegi oaxlEuo 51ope
(llnear regresslon applled lo each set of
bhaee cotrgecutLve polnts to flltd the se8-
[ent irlth the gteepest s]'ope ); pressure
at oex16uo sLopei anal oporatlonaL polnt
[(control R-R - !lnIEuo R-R)/ranBe x
100,l. UeasureEents r,ere oaale befor€
!11t' oB the 1Et, 3rd' 6th, and 10th days
of tllt, and on the 1st, 2Dd, 4th ' and
7th days of rocovery. AII Yarlables were
analysed uslng a llil'coxon sl8rled rank
test rlth contrast for each hypothesls
b6irreen controL and each gxperlIenbal
day.

c0NcLusr0lls
lbese results suSSest that head-doun t!1t
nay iDpalt DorEal blood Paessure cootrol
tlechaolsBs by reduclDB the raDge atrd pos-
sibLy the 8a1n of tbe ca.otid
baroreceptor-cat'dLac reflex respoos6.
these chaIr8es durlDg sluulated
Elcrogravliy ay have relevance to the
ortbos tatlc lntolerance exporienced by
solle astronauts upoD reLurD to earth.

CAROTID BARORECEPTOR CARDIAC-VAGAL
REFLEX SESPONSES DURI}IG 1O DAYS OF
EEAD-DOUT TIL1
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RESULTS
Systoli.c and diastollc pressures d1d oot
chatr8er but baseLlne R-R lnleavalg rgr6
siSniflcantly increased by the tOth day
of t11t. CoDtrol n-R lntervals uere 933
+ 24 Esec before t11t aod lncreaaed to
iOO: * 3S dsec on t11t day 10. llaxlouB
s Iope dec.easod (tDslSnlftcantly) f.oi
5.0 + 0.tl hsec/EEH8 durlng cootrol'' to
3,5 +- o.? on day 1o (P : 0.11)' and ln-
cr"a;ed to 4,0 + 0.8 by day 7 of recovery
(p = 0.50) Tbe .ange of R-R lnberval
responses decreased froE 263 1 31 Dsec
durlnB control' to 182 + 18 Esec on day
lo (p = o.03), and !'etu;red to 215 + 40
by day 7 of recovery (p = 0'35). other
characterlstlcs of the r'eflex reaponse
d1d Dot cbanBe .
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IN BLOOD
DAYS 6.

The paraaympathettc palt of the autonomlc
nervous aygten naB teated by the heart
:9te !HR) reaponae to forced breathlng(Forced Reaplratory Slnu8 Affhythnla;
PRSA), The efferent synpathetlc part ofthe autonomic nervoua syatem t'aa teEteal
by the bl ooil pre6aure (Bp) and HRreaponsea to suEtained handgrip (SHG)
anil nental. streaa (MS). Tha BF and HR
reaponaes to the Valsalva nanoeuvre (VM)
rrere uaed to a6seEa both efferent
aympathetic anal paraaympathetic nelvous
control Orthostatic Bp control wasinvegtigateal by a pasaive 70- head uptiLt (HUf) nanoeuvre on a tilt tabLe withfoot support before and at the end of 10day6 HDT. In orater to conpare theprolonged effectg of fluid ehlfti lnd.uced
by HDf wtth those acutely taklng place
during nornal alaj.Iy-Life we alao aeseesed
the influence of posture on the Bp and HR
leaponae8 to FRSA, VM, SHG and MS. Theae
four manoeuvre8 wele teEted before the
HDT-phaee in the 6- HDT, the aupine, theBitting and the atanding posltio;.
The reaponsea lrere quantified. as the
change in Bp and HR during the leEpective
nanoeuvle8 compareal to the average of a30 8 period before the manoeuvre.
Finger Bp t'as measureal continuou8ly
non-invasively by means of Finapres.-
( 3, 4 ). llR waa deternined froir ttre
eL ectrocaraliogram.
During the 10 day6 HDT ba6etlne Bp
decreaseal, r{hile no change in baaeline HR

D.J
M.

Departnents gf Internal Medicine analPhEyi.ology, AcaAenlc Medical Centre,Universlty of Amaterdam, The Netherland;
Deut6che Fors chunga ana tal t fiir Luft undKaumtahrt e. v. cologne, west_Germany.

Re-expoaure to nornal gravitation after aperlocr ot zero gravity often Leada toorthoatatlc lntglerance. ThlE problen ha8been attrlbuteaf to both centrai hypovote_mia 
- 
anil to decondltioned cardiovigcufar

::yll.:o:y mechaniams ( 1). 1,o "a;etorthoEtatic tolerance and the conltributory role of the autonomic nelvoua6yEtem- after a period of Eilrulatedvreightle6sneso, 6 healthy ;;i;volunteers were studied befori, durinqand after 10 day6 6- head a6"n iiii(HDT).
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t aa found. The reaponsea to US and. SHG
tlid not change tlurlng prolonged, HDT nor
by change of posture. HR varlatj.on to
PRSA did not change either, while tbe Bp
varj.ation to forceal breathing waa farger
in the 6tandlng poEltion conpared to
auplne, BP valiatlon to forced breathing
did not change ilurlng prglonged HDT.
Po6ture change frotn 6- HDT to Etanding
and prolongetl HDT cau6eal qualitatively
sinilar change6 in BP and HR responaes to
vM (Fig. 2).
The HR increaBe upon 70o HUT at the end
of 10 tlaye HDT na6 Larger, compared to
the lncrease d.urlng control HUT. BP
changeB were comparabLe on the tvo
occaaion6, r.rhile BP variabil.ity tlurlng
HUT r'as larger at the end of 10 day6 HDT
(8i9. 1)
Spectral anaLyEia of the BP variabllity
by FPT (2) aholred that the increased
varj.ance lra8 confineal to a 8ignificantly
augnented 0. 1 Hz peak,
The responae6 to MS anal SHG lrere not
infLuenced by posture, whlch lndicateE
that ftuid shifts tlld not influence the6e
reaponaea. Therefore, they nay be uaed aE
indicatorE of efferent Eynpathetic
reactivity independent of changes 1n
fluld di8tribution, The unchanged BP and

VAISALVA

HR reEponaea to Ms antl SHG dullng
prolonged HDT lndlcate that effelent
sympathetic reactlvlty nag unchanged. The
vagal efferent reactivity rra6 unchangeal
ae well, as evldencetl by the HR variation
to forced breathing.
A prevloug Btudy attrtbutetl the lnfluence
of poBture on the re6ponaea to \ l to
fluld rediatrlbutlon ( 5 ). Aa poature
change fron 60 HDT to standl.ng and
proLonged HDT cau6eal qual itativel y
ainilar changea ln BP ard HR regponEea to
vM thi6 might lndlcate ttrat Blmilar fluid
ahlft8 occur during prolonged HDT aB by
changlng poatule to E tandlng.
The changed reaponaeE to HUT (lncreased
HR and. increased 0. 1 gz BP varlability)
indlcate an increaeeal 8 ynpathetlc
nervou6 reactivity. Thi.E rij.ght aIso be
expLained by the influence of fluld
shiftE on the reepon8e6 to HUT.
we therefole conc.Iuale that autonomic
nervou€ reactlvlty upon nanoeuvrea that
are not lnfluenced by flultl allstribution
wa8 unchanged, whj.Ie an increased
Eympathetic reactivlty wae 6hown upon
tnanoeuvrea that are dependent on blood
volune anal fluial diEtribution. ThlB ltae
probably due to alecreaaea In pIaBna
volune anal central blootl volune unaler
prolonged HDT.
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