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Dedication

The Proceedings of the 9th Annual Meeting of the
IUPS Commission on Gravitational Physiology are
dedicated to Vasilyi V. Parin (1903-1971), a world-
renowned physiologist who made a significant contri-
bution to different branches of life sciences such as
circulation physiology, medical electronics and biolog-
ical cybernetics, clinical physiology, and space medi-
cine. This long list shows the diversification of his
scientific intercsts. However, he was a dedicated re-
searcher who concentrated on one specific area-the
functioning of a living system in the boundary state,
i.e., between norm and pathology. His was a search for
new methods that could reveal the earliest signs of
pathology, a search for the limits of the living system
and an exploration of its adaptive and compensatory
mechanisms, and a search for approaches, procedures,
and techniques that would help man maintain his
health and work capacity.

The characteristic feature ofParin's exploratory work
was a comprehensive approach to any problem known
as a systemic approach. He had a striking capability of
effectively applying his expertise accumulated in one
area of research to the solution of problems arising in
other areas.

Parin started his career as a researcher when he was
a student ofthe Perm University under the guidance of
V. Y. Verigo, a famous electrophysiologist, and then
took postgra.duate cours€s at the Kazan University
under the guidance of A. V. Samoilov, one of the
founders of electrocardiography. At the age of 30, Parin
became the head ofthe Normal Physiology Department
of the Sverdlovsk Medical Institute. Parin was elected
the first Executive Secretary of the USSR Academy of
Medical Sciences, which was established in 1944, and
later, i.e., in 1963-1966, was elected its vice-President.
Parin was very well known not only in the USSR but
also in many other countries of the world. He was a
member of various international conferences and con-
gresses for physiology, medical electronics, aviation,
and space medicine, e.9., IAF International Astronaut-
ical Federation and COSPAR (Committee for Space
Research) sessions.

In the 1930s to early 1940s, Parin's findings concern-
ing neuronal regulation of spleen contractility associ-
ated with cardiovascular adaptation to environmental
variations became generally recognized. These re-
spons€s were largely determined by pulmonary vessel
reflexes. Parin's investigations of receptors of pulmo-
nary vessels are still considered classic ( I ). They resulted
in the identification of the unloading reflex of pulmo-
nary circulation, which protects the right ventricle when
the pulmonary artery pressure increases and which is
referred to in the literature as "Parin's rellex." This
reflex is very important for gravitational physiology
investigations. More recently, Parin was actively in-
volved in circulation physiology and clinical physiology
investigations, having made a significant contribution
to this area (2).

The late 1950s and 1960s witnessed intense penetra-

tion of electronics, mathematics, and cybernetics into
physiology and medicine. Parin was a great enthusiast
and a leader of these developments (3). He identified
new trends in physiotogical sciences, taking into ac-
count new possibilities of elucidating mechanisms of
physiological regulation. At that time, Parin took part
in the development of new methods and electronic
devices for biomedical application, in the design of
early automatic systems to evaluate and control the
health condition of man.

Parin was one of the founden of space medicine, in
which he fully exploited his talent as a scholar and
organizer.

Parin participated in the preparation for the first
man-in-space flight made in 1961. After the flight, it
became clear that the human factor would be of crucial
imponance in manned missions. To increase the du-
ration of manned missions, it was necessary to utilize
to advantage the data from clinical medicine, applied
physiology, hygiene, psychology, and exact sciences. It
was also necessary to proyide close ties between differ-
ent scientific disciplines and to develop new research
methodology. At that time Parin initiated the develop.
ment ofkey components ofspace biology and medicine
such as space biotelemetry, space cardiology, and med-
ical prediction. The works of Parin and his assistans
and followen devoted to circulation physiology occupy
an important place in space medicine. It is known that
microgravity-induced blood shifts toward upper body
are in the focus of gravitational physiology. Parin
viewed the cardiovascular function as an indicator of
adaptive reactions ofthe whole body (4). This approach
still remains very useful, being widely used in other
branches of medicine. Some cardiological methods that
werc developed under the guidance of Parin found a
practical application in his lifetime, viz., mathematical
analysis of the cardiac rhlthm to study circulation
rcgulation and seismocardiogra.phy to evaluate the con-
tractile function of the heart. Parin did a lot for the
development of ballistocardiography, the technique
used to measure cardiac work and coordinated contrac-
tions of the right and left heart. His dream was to record
a ballistogram in space flight, which is an ideal envhon-
ment for investigating cardiovascular forces, to stream-
line the method when used on the Eanh. Although
ballistocardiography was performed for the first time in
December 1977 during the Salyut-6 flight, it was ac-
tually a practical realization of Parin's scientific con-
cepts.

Parin paid a lot of attention to various aspects of
medical prediction in space flight. This area ofresearch,
which is acquiring a greater practical importance from
year to year, began with Parin's paper 'Prediction in
space biology" published in 1968 (5). This paper dis-
cussed the basic aspects of medical prediction and
prognosis aimed at maintaining good health and high
performance of crewmemebers in space missions of
increasing duration. Better than anyone else, Parin
could distinguish future in the present and properly



evaluate every research work; he knew very well that a
breakthrough in science was always based on regular
and tedious work. This is particularly true of space
medicine in which successful achievements of crew-
members visible to everyone result from $eat efforts of
numerous ground-based terms that remain invisible to
the broad public. Parin was a very nice person: benev-
olent, correct, and kind. The image ofParin as a scholar
and person, researcher, and organizer still remains a
source of inspiration for many people who devotedly
serve scrence.
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Physiology-Tenth Annual Meeting
9-13 October 1988
Montreal, Canada

The Tenth Annual Meeting of the Commission on
Gravitational Physiology ofthe International Union of
Physiological Sciences will be held in Montreal, Can-
ada, 9-13 October 1988, in conjunction with the Fall
Meeting of the American Physiological Society.

The Commision Meeting will consist of open ses-
sions for slide presentations ofvoluntary papen dealing
with the effects on physiological systems of humans,
animals, and plants of changes in magnitude or direc-
tion of the force environment. Included are the effects
of the weightlessnes during space flight, acute and
chronic acceleration, vibration, and the various forms
of simulated weightlessness. Also included is consider-
ation of evolutionary consequences of gravity and the
role of gravity in the manifestations of scale effects in
animals and plants.

Symposia by invited speaken will be sponsored on
the following topics:

Recent Space Right Results in Gravitational Physi-
ology, I. B. Kozlovskaya, Moscow, USSR, Organizer;

Current Concepts in Grayitational Physiology, N.
Pace, Berkeley, California, USA, and H. Bjurstedt,
Stockholm, Sweden, Organizers;

and The Lung and Gravity, J. B. West, San Diego,
California, USA, Organizer.

It is planned to publish the Proceedings ofthe Tenth
Annual Meeting as a supplemenl to The Physiologist.
The Proceedings will contain both voluntary and sym-
posium papers presented at the meeting.

Your participation in the Commission Meeting is
welcomed. Ifyou are interested in the particulars, please
contact Orr E. Reynolds, Ph.D., Commission Busines
Officer, American Physiological Society, 9650 Rock-
ville Pike, Bethesda, MD 20814, USA, by I May 1987
for abstract, registration, and housing information.

PRELIMINARY ANNOUNCEMENT

IUPS Commission on Gravitational
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Introductory Remarks

It is a $eat pleasurc for me, as Chairman of the
International Commission of IUPS on Gravitational
Physiology, to welcome all of you to another of the
Commission's Annual Meetings, the dnth of its kind.
For the Commission it is especially gratirying to not€
that in spite of Sravitational physiology being a young
ollspring of the physiological family, it has shown re-
markably rapid growth and development into maturity.
Not only have our annual meetings been well fre-
quented llom the start, but we like to think that because
of our Commission's pioneer activities during the first
years, interest in the problems of gravitational physiol-
ogy rapidly eained a sullicient degree of permanency to
justif the establishment of other scientific societies,
national and intemational, to further encourage and
promote research in the area.

During the Commission's latest Business Meeting in
Tokyo in 1986 the Commission was happy to note the
intercst shown by the Slovak Academy of Sciences in
our activities. We greatly appreciate having been kindly
invited by the Academy to hold this year's Annual
Commission Meeting in the beautifirl region of West
Slovakia, in the town of Nitra, which I understand is
today the all-Slovakian center of agriculture and at the
same time represents the old culture and history of
Slovakia, with the Nitra Casfle being the dominant
feature and a clinical monument.

The Commission on Gravilational Physiology was
established in 1974 by a decision of the International
Union of Physiological Sciences. The purpose of the
Commission is. among other things. to promote scien-
tific communication conc€ming the effects on physio-
logical functions of changes in magnitude or dircction
of the gravitational force environment. Included are
the effects of the eanh's gravity, of the weightlessness
of space flight, of acute and chronic acceleration and
ofvibration and the various forms of simulated gravity
and weightlessness. Also included are the evolutionary
consequences of the earth's gravity and the role of
gravity in the manifestations ofscale effects on animals
and plants.

During the course of the four days ahead of us a great
number of papers will deal with results from investiga-
tions in most of these problem areas. They will be
distributed over 13 sessions. As the program shows,
three ofthese are symposia consisting ofinvited papes,
and l0 sessions are devoted to voluntary papers. The

first symposium will be held this morning, and will
include presenlations of recent space flight results in
gravitational physiology. The second symposium will
be devoted to gravitational effects on the cellular level
and is scheduled for tomorrow morning's session. The
third symposium will highlight certain current concepts
in gravitational physiology and will be held on Wednes-
day moming.

In the l0 sessions of voluntary papers a considerable
variety of topics will be discussed. These will deal with
effects ofnormal gravity as well as oftrue and simulated
weightlessness and of high-G exposure on physiological
functions on many levels. These functions include those
ofthe respiratory system, thermoregulation, muscle and
bone tissue, sense organs, plants and single cell orga-
nisms, and hormones and metabolism. In addition
there will be reports on gravitational effects on animal
development and on the relationships of biological
rhlthms and gravity. There will be a session on the
effects of gravity on the avian organism and one on
new projects and methods for the study of the physio-
logical effects ofthe G factor.

All the invited papers and other papers presented
here will appear as the Proceedings of this meeting and
will be published in The Physiologisl, a serialized jour-
nal ofthe American Physiological Society. Manuscripts
are to be prepared on special photocopy mats, which
have already been mailed to the speakers.

I would like, at this point, to extend the Commis-
sion's great appreciation and Sratitude to the Slovak
Academy of Sciences for graciously hosting this meet-
ing. I especially wish to express our thanks to Professor
K. Boda and Professor L. Macho as representatives of
the Academy and to ProGsor M. Pospisil of the Inter-
cosmos Program. We are greatly indebted to the Local
Organizing Committee and its Chairmen Drs. M. Jur-
ani and R. Kvetnansky for all the efforts they have
expended in making the preparations necessary for the
successful realization of the meeting. Finally, let me
also thank, on behalf of the Commission, all our speak-
ers and their colleagues for their work and the time
they have spent in preparing their papers to make this
meeting a stimulating and memorable experience for
all of us. kt me conclude these remarks by introducing
Professor Boda, Director of the Institute of Animal
Physiology of the Slovak Academy ofSciences.

H. Bjurstedt

Papers published in the Proceedings of the Ninth Annual Meeting of the IUPS Commision on Gravitational Physiology have
been rcyiewed and approved by the Commission.
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A.Egorov, o.lrleehkln' O.Itsehovsky,
I.Alferova, l,. Golubcblkova' V. Lyanin,
A. Polyakova, V.Ta1avrlnov, V. Turchanl-
nova, V.lurbesov

MEDICAI INVESIICATIONS RESUI,TS OBfAINED

IN 125-DAY IIIGHT O!{"SAI,YUT-7II Al{D
TUIRN ORSITAL SlAlI ONS

Msaiical progran conEiateal of the fo1-
lowing parts: slodicel control' some neta-
boliem lndl.ces inve8tiSatlons and metabo-
lisD rer(ulatlon re8earchea' cardlo-vasou-
lar invEstications, hyglenic estimation
of environment, estination of prophllac-
tlc methods to prevent unfavorabLe infLu-
ence of microgravity on hulnan orgenisn'
medical invesiiSations durlng the work
ln open apece.

HLart rate changed according to the
iDfluencinE fectora 6-nd the whole aitua-
tlon in aII parts of fught. Heert rete
rose 1n one hour period on 6very actlve
part of the f1j.8ht duriD€ docking' un-
docking, 31ight trom one statlon to ano-
the! alxd work in opeu apece.

Work-snil-rest regine waa kept durlng
the whole flight. Tbe twenty four hours
were dlvlded in two peri.ode - work anal
everyday necesaitles. ',vork pelloal lormed
8 houre'30 min., the perloal of everyalay
necessities - 15 houls J0 nin. Tbe dura-
tioa of 81eep-time and spare time was
not less theJl t hours.

Cosmonauts were doin8 regular train-
1ng exercises one a day during t hour
and 80 nin.

Neuro-p sychological sphere of cosno-
nauts was in good state in al'I perts of
the flight. Emotional raactj.ons agaln8t
the background of moderate tanalon were
adeouate to the si tuations.

iosmonauts' work efficiency wae high'
emotlonal reactivity wes stable on the
whole, the mooal ras equal. lroving acti-
vitv waa usuB1. without disturbances.-Facial expression and gssticulatlon
were alive, ipeech activity had an indi-
vid,ual maruxer.

The following Eethods wexe used for
the estination of the blood clrculation3
electrocardiography nith 9 or 12 coaven-
tional leads and with DS-leatt; reography
to calculate the heart stroke volumo and
rnj.nute blood voluno and to investiSate
the state of cerebrBl hemodlmanic in in-
ner carotid artery basin anal vertebro-be'
silar systee basin; venous-erterial pu]-
sogram from jugular fibro-vascular ban-
dle and tacho-osci I logran from uPper arm
to reglster arteriel pressure indicas.
Physi6l.ogical paranetors were studled ln
reit and-durln8 alosed physicaL exetclse
(D.Ph.Et) a,rd trrxder the i[fluence of low-
er body negative preasure (IaNP). The
D.Ph.E. haa two stagear 125 watt during
5 nin., and 175 Watt during J min. wlth
one minute pause. The I.BNP test waa ex6-
cutsal ln the lollowlng regimes; 25 Ha nm
durj.ng 1 minute, 35 Hg mm in 3 mlnutes,
45 lfS sm 1n J ninutes. Each cosnoBaut
wag examl.ned 10 tlmes j.ncludlng functto-
naL tests through the whole fught.
Invest igatlolBeEqlqq

Institute of Blomedical Problems,
uoscow, USSR

In 1985 ln USSR medical investiSatj.ons
w€re contlnued in flight on 'rSalyut-7rl
and t'Sowz-t-15" orbital stations and
on "ttrlri' basic block (a nen generation
of station8 ) .

Coamonaute felt well in eII parts of
fl1ght on the dates of radio excbange,
TV-seences end EedicBI quostionnaires,
tlredness was abgent. The first adaPta-
tioD perioal to nlcrogravlty was taklng
lta normal course' cosmonauts were men-
tloning the rush of blood to head du-
rlng filst daya' space movemant illnes8
slmptoms were absent.

!y cogmonaut8' reports physiolo8lcal
lndlces fluctuateal wlthln usual rate du-
rila the flight: body temperature J6.o-
16.8"C, Brtorlal preaBure - syetolic
pressure 108-120 Hg mm, diastolic pres-
gure 50-75 Ha mmi hand lndlces 50-55 kg
nerB alnoat tbe game aa before the
flisht,

At tbs begiDnlng of the futht du-
ring two months cosnoaauts I body me88
dialn I t dlstlnauish from pre-fllgbt nas6'
but ln furthsr period lt grew flom initi-
aI masa to 4.5 and 0.9 ka. The deficlen-
cy of the leg volurne aae 18-?2%.

At rest haemoabmamj.c j.Ddices charges
may be diviiled relatlvely lnto 3 8ta8e8.
At the first stage (lO-40 alays at the
begianj.ng of the flight) several inallces
of both cosnonautE cbaneed. siE11er1y in
quality but with d.lfferencies in qus.nti-
ty (fis. 1). Si.nking of several lndiceg
was observed, among them heart rete (IIR),
mlnuta blood volune (MBY), Brterial. p!es-
eure (AP) snd peliphe!1c vascula! reais-
tance (PYR). stroke volume (sv) didn't
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In 1985 1a USSR medlcal lnveetigati-
oua were contiuued in 125-day l1i8ht ou

"Salyut-7" and'rsoyuz-T-l5" orbital sta-
tlona and on trMir" basic block. MedicaL
Drozram oonslsted of medicel control du-
itnE actlve parts of fugbt 8nd works in
open space, profound medical exaninatlona
1n rest and ln functLon testa, metabollan
a.nd its r€gulatlon analysis, hyglenic es-
tinatlon of enYironnent' estination ol
prophlLactic metboals to prevent unfavou-
iable inlluence of weightlessness on hu-
man organlsm. Cogmonauis feLt well in a1l
parts of fl,ight on the dBtes of radlo ex-
change, TV-sesncea, self-and each other
contiol. Profound medical investigations
dlacovered several inallvi.dual changes in
para&etres of evely cosmonBut's blood
iyetem. Thls charactaral. changes appeared
not in rest only' but Eith the lnfluence
o! loading test and depended on initial
hemodJmanic status before the tsst.



chan8€ o! lacreasad by 21%. Absolute !ro-
anlng of a.rterial pressr.Ee iadlces a11d,

PVR of one of tho costronauts were lower
thatl those of the other, but neanin€s of
haeEoc lrculation voluD€s were hlgher both
ln fLieht and bofore it.

ao of ths hreDoclrcuLatloD vo}.rEa wlth
lndlcatloba of \ypotodc syndroEe.
r,Ve DaJ supposc that tbo vo1utra of tbr
circulatlr:g blood was r.duced. The results
of functiona.L tests are lndorect ovldeEcc
to thls concluslon.

The cheracter of baenod,yaaElc retctl-
ons of botb coa&oBauts to DPI chrntcd.
In tests wlth DPI, oa 51st d{y HX trevrsigrlfi.calltl.y coEparod to the pro-fllgbt
nea]]j.ntsi one cossroDaut showed, lncr3aaa
of HX by 18-24 strokes/ElD. thc otbe!-
9-1O st!oke5,/81n. i RrxC-17O of the flrst
cosEoD.rut d.creasod bl 24,6 ot the othGr -by 14f (Tabts 1).

At the next sta8e (by ttre beglnnlng
of the 4th noDtn) there was a perlod whe!
both cosnoDauts I lndices changes had dlf-
ferent cbaracter. orle cosooD,aut deBoD'str!-
ted m lowi-ng alld SV insreslEg after lts
p.revlous lowllg o! the 41st day of f]1gbt.
MBV dynarolcs had unexpresssd reemlttlDg
characte!. HR of the other cos.uolaut gr6t
BoderatelyrSV sark progresslvely (espe-
cially on the 96th day of flight), IIAV
was colstantly lower co&pa.rlDg Eo th€ pre
fll8ht iDdex. AP indlces of both cosnora-
uts had tendeDcy to recovery, but such
lndlces of one of the cosEoaauts didD.rt
achleve the pre-fLlgbt EeaBlDt (except
for j,ncreased f1D,al systollc ppcssure-,
the other cos&oDautrs indlces corrgspon-
dod to the prs-fllght lleaDlDgs (exc).udfug
slnkiDg ElnlEal AP).

The thlrd stagc lorged approxi&ately
, final weeks of the fllght.At that tiee
SV had teBdeacy to retlrrD to lnltlaI prc-
ftlght aea[1n6s (one cosnoaautts lldex
eftor colxstarlt slnking, the 1nd6x of the
other cosoonaut sfter increasing), the
Esaalags of li{BV returned to inltisl oDos
wltb slauLtrn€oua sinkin€ of PVR ladlccs
etrd repsated decroass of AP indices.

At soEe stages of tbs fllght (16-41
days of flltbt rll2,122 dqys) oae sosEona-
ut had na.rked slgns of bypotonlc status
in AP, voluDc of ha€&oc irculattoa al],d PVR
]olvsrlD€. Mlllnal AP achloved 42 HB Dr,
ayerage dyDaElc prosaurr was 66 Hg elrla-
teral systollc pressurc - 8,t Ht o.D, flnaL
systoLr,c pressure - 108 Hg D-o. PuLsc AP
and the oeaniDg of haeDoqynrEic shock
(re differetrce betweea final and lateral
AP) didntt change sl8Dlflcantly coolarlng
to tbe pro-fllgbt data.

Thc i[vestlgEtiorls at rest showsd 1[-
dlvldual character of adaptation to fliEbt
coadltlonst one cosEonaut had s).EptoEs of
hyparvol.onla 1r1 uppsr prrt of tbo bo(yt
nalD].y lDcreasetl HS End sioultaneous de-
cleasa of HR'AP and PVS. The ottrer cosno-
nrut hrd no slgDs of blood redistrlbutlo[
to tb6 upp.r prlt of the body aad dccrer-
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Both coseoBeuts denoDstrated decrease
of reLatlvely llritlal lovel of ItS rfte!
test by 26% and 14% com€spoldilAlyi MBV
lacreased rot so sbarp cooparcd to pre-
fll8bt tostlng aEd wrs forBral du. to
ttre growth of lm.

fhe cosnonaut wltb lowo! neauirgs of
o1n1oaI and avcragc dynEElc AP et rcst
aft.! DPE tGst showed frEthcr docroesa
of tboso l!.dlces wltb siuul.taaeous
growth of final, systollc pressuro to eo-
re hlgh levcl (pr.-fllgbt Eeanitt of
thls lldax was 14? Hg ron).

ID' tcsts wltb DPE oD 71st dqy s.vcrtL
blood lD.discs charges of 0!.6 co$lonaut
du.rlDg the load aad rl8ht after lt wela
close to th6 pre-f l18ht DeaD.lngs r IIR
dldnft cxe.d 11A-1)Z beats,fuln. and rc-
turDad to h1tla1 Dea!.iDgs easlLy
enough, PrrC lractlcall, co$espondcd to
tha pro-f118.trt Eesnl!€. Howevc!, as lD
th. ftrst test SV docreased by 27% ot-
ter the second stago. the other cosno-
tuutrs lcactio! to the load was lroro ex-
pressed tha! o!' the 5'1st dAy. It rcvlclod
ltsalf i[ grcator ilcleasc of IIR espe-
cialLy oa tbe secoad stage IIX wrs 22
beats,hia. stroD€er tbs-a prc-flihtt.
R$iC-170 d3creased bV )516 coapared to thc
ground. HS didnrt cbalgc practically.
The growth of flnal. systollc AP waB

Doro relcva-nt tbarx ple-futbt aDd
achlevcd lAr-1AA }tt En ('155-162 iB Ee
prc-f11Ebt ) .

lhus there was llrtenslftcetlon of
cardlo-vrscular raactlons to the p\y8ical
lord thouth it appearBd ltr dlffor.trt
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fLl8bt porlotlsr oE cosnoDaut b8d thoo
lD earIl.r lDd tbc other 1D latcr p6r1-
ods of tbe flight.

In tbts fugbt, as ln ranJr provloust
charactcrlstlc for {aightL.ssn ss pecu-
llariti.s sallB to ll8bt l[ dylrnlcs of
blood lndlccat abserxcc of Browtb and
even tsnde[cy to decrease of HS at DPE;
Iess expressod coopared wlth pre-fLigb.t
date lacr.asr of MBV, to ground data
fj-[rl sy6tollc prBssu.r. eDLerged thc
axpeEca sharp Srow of heEodynarLc stroket
dyastolic and avera8€ dyaa-nlc AP dscreeseal

Tbe results of test wlth DFE 6ot ln
preseDt flight coDforx to esr11s! asauro-
ptlors csrdlal cbrotropical fuDctlola
lDcreasiDg dlrected to conpensatc venous
blood return lo.j,.j intenjive iE nlcrogrs-
vitJr. EvideDtly, heeodyna-olc reorganiza-
tion in fli8ht under physlcal Load 16
colrrectcd witb soEe volule deflclelcy of
clrculatlDg bJ.oodr reorganizatlon !s di-
rected, to its uo!6 effectlve aDd econo-
nical delivery to 'rrorklDg organs.

LBNP provoked adequate cardio-vaBcu-
Iar reaction in both cosnonauts, test
enduraace was estinated as 8ood. Slde by
slde with thls the attentlon was pald to
several pecuLlaritles of blood indlces
under vacuuE. The use of IBNP pro&oted.
norEalization of reoeacefalogra.n f oru
(agaiust the bsckgrormd of lowered seall
ceiebral vascular tone)' indicatlng the
gro'.rth of vascul.ar tona (particularly of
5nal1 vessel.s) to lts whole norarllzati-
on. Ttl1s pheloEe[on was observed in naq/
cases with differeat cosBonauts r but Dot
with everyone. HeDce IBNP r being solec-
ted strongty for lDdlvidual use nqy be
used only ss llophl1actlc Eethod for
tralBlDg of orthstatic steadlDess but
as a factor of cerebral clrculatioD nor-
nallzatlon (Trbla 2).

ves quallty, lncreased noviEt actlvlty of
exallned persons could bo supposod. Evi-
dentlyrlBNP through a sholt perlod of
t i-u6 (du.riDg 1 Eiaute) provoked chalge
for the worso of persoars state ln coruloc-
tloE wlth cer€bnI clrculatioD dl6turbaD-
ces whlch eenlfested ln roarkcd vasodlLa-
tatlon s.Dd dscreasetl cnerEr of systollc
throw. fsoiDed lntUvlalu8l alllrinatod
aoEcntarJ,' eppesred deflclency of VCB rad
troroallzed cerebral blooal circulatioE by
his lags Eoviag ind staltlDg up lruscular
punp6. It is Loportal1t tbat ln thls case
such indlces rs baenoqmaBic stroka and
dlcroblc itldex R8G tr.Eneal out to be tbe
Eo6t lDfomatlve for extlaordi[ery pro6-
trosls of orthostatlc steadinesa Lowing
to oth6r haanodyDarlc lDdlce8. H18h di88-
nostlc slgnlflca!.co of REG lndlceE ln sl-
nilat condltioaE was Dotcd by otha!
res6arches.

Thus coDducted. l[vestigatloDs showcd
tbe fr,rnctional state of cardiovascuLar
systcE of the 5th clew o:r rtsalyut-TrraDd

'rMi3rr stations to be weII eEougbrthou€h
blood cllculation indices fluctuated
wtth.ln wtde limits through tbe flight.
Haenodyna.Eic changes had rdaptlve charac-
tar and werc fore€d oD the whole by a1c-
rogravity factor, whictl causcd ths redls-
tributiolx of orga.uislx i s lj.quid mediu.E
floe the oDe hand r and facllitateal tbe
load slDkiD€ on cosEonautrs nuscules and
ths decolditlotrlng to solro extent. lhe
data recelved ln thls flight suppleDent
alld define Borc exactly \ypotetlc sche-
nes suggested beforo.
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letts colsider REG data of the other
cosEonaut.There w8s observed EoEcntary
displacoDent to lso11l1c on the second
Elnute of IBNP test wheD rari,ty was 4,
Hg !D. Tbis fact indlsates sinktD€ of
slorll vascular to[o. Sinultaneously brc-
noalyraEic strokc dccleased shrIl)].y. othcr
lDdicos did,Dr t charge slglllf lcaDtly. At
thc ssEe tiDe Judging bJr registratod cur-
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-_ .[s a result of 19r5-'19t5-day sgace
flights the nectlanicaL charactcris rics
of the fenur heads of Uhe rats were sig-
aificantly degraded. lrollowing AO-a2 d{ys
of tbe bed rest of the subjecirs vrho hav6
been tleated in these conditlons an'd died
of uhe suddeDLy developed conr,lications.
the nectranical proferties of che verte--
brae were also de8raded as a result of acs.lclun concentration decrease in the
vertebrae ash residual. Defence necha-
nis[s against bone structu.ce reso.rptio!,
nEy erlst in uhe hunaD spinal coluin.
SpinaL c oluDr. resistiyiEy to Uhe iB.)act
erDosure is decreased not only due to apartial loss of the sEren8th by bhe
ve.rtebrae but as a fesulb of its chan-
ged dJnaEic feac bion.

BI Oi|LiCI{A]IIC..,I CHi.tACTllrtISlI CS OF BoitL
sl.(uclu-t! cHAt{Gls r0 o,/IIG ,utA! ai{D

SI ;.IUIJAU,D JEI GHT.LTSS NBSS

On bhe basis of such mebbod.ologi-
ca1 approach,, lt ls possible to do [he
theoretlca! geaeralizatioas wiEb respect
to etioloc-y. EechanisEs of bone chanres.
Eheir s::ed16s, iad.ividual aad tooolo[i-'
cal charac teristlcs, an lntegrated aI-
telation of bhe structule ar1d bhe nesha-
nical .Droperties of lhe bone, wttic.h show
Lhe w{ys of preveating nhe sb,i"f rs debec-
Eed.

IE is clear tb.at soae particula!
.ruestions relating to differeEt tre[ds
in research can be resolved either in
erlefinenbs ,riEh aninals or oa the ba-
si.s of e:aniniEg the test subjects and
lhe cosBonaubs or ,{ibh an agpllcatlon
of bhe analycical nethods. .teyealing of
;he general regularj-ties of structural
alteratlons is qosslble u.sing total con-
sideration of bire data obtai;ed.

Suonarizj.ng the data so gained it
is gossible to state uhat under real
and siEulated,velghtles.rness there de-
veloos an invoLyed conplex of bone chan-
ges which, as a lvhole can be classified
as oste od,ystroehy. fb sbows iEself as a
decrease in Ehe voluoe conEent of bone
nass arxd hence of nineral substaDces,
as a slight falI itr a degree of mlnera-
lization of Ehe organic naEri: of bhe
boBe, as a soalL declj-ne o! calslun con-
centrabion in a bony ash residu,al. In
iihis case, Ehere observ€s a alissoclati-
on of ninerallzetion of bone s[bstance:
1o./ nineraJ,ization of Ehe organic Eat-
rj.r, forned unde! hypogravic coad.j.tions
and hypeanj. neraLj-za Elon. of Uhe old.
sEructures (4, 5).

osteodJstroOb.y is devclopin8 nole
rapj-dly in bbe xeighl-bearing bones ol
uhe bodJr and ao intenslEy of the chaB-
ges iD, L-he spoEgy stluctures Ls substan-
tlaUy higher than in tbe coEl)act ones.
In an inter-slecies asgect, a d€gree of
alUerations in spoDgy bone yariesr de-
Dending directly on aa intensiEy of rao-
tabolisE and inversely on an inibial
densj,Ey of the bone st.ruc Eure and Ehe
lelation of the variaDles nenEiolled tsay
be ex!).resied. by one equation (!).

The manlfestation of he EefotoplA
of Ehe bony changes nay be erplained, oD.
the one hand, by a si.gnifica-ut dlfferen-
ce in bbe alte.rations of force exposure
fo! ',arior,ls bone structures (weigbt -
and non-wei6ht-bearj,ng ) , on the oEher
hand - b"r a differetrt rate of bheir phy-
s j,olo8ical rear!argeEent.

'!he -lirsb circunstance erplains aa
act[al selecbivity of the changes of the
bony skeleEon witb resDecl to its aoD-
weight-bearing corpArbments. lbe sec ond
one eri)Lains a deLay in irhe developnent
ol osteodJstrophy in Ehe netabollcally
nore inert sEructures ln lelation to
6he ones characteriezed by a hl8h Deta-
bolic rate.

Gu-eyi ?. Stucakov

Instltute of BioEedicaJ. grobleEs
:.rloscow USSiI

.talsed ,viirh Ehe advenu of aaaned
s3ace flights, 8 question concerning che
lossibility of naintainiE8, r.rnder weight-
less envLronnent, che tyrical boae oro-
perties ogposing the Bravity and hyper-
gravity effects, has becone, lebeB sol-
ved, a ver? cou:lex problen required bhe
conduct of a deeper fundamenlral research.
And thls is noL a chance event. Fi-estr
an ans,ver to a sinple, au first 6laDce,
iuestion ls difficulb to get on the ba-
sis of erarining tbe cosnonaubs, ihere-
lore, aa erDerinental- Ehe ore tical aDoro-
ach Lo solviag the p-eoblem is a oore acc-
eotable one.

Second, conside.ration Eust be given
to the variabiliby of weightlessness ef-
fects, de.oeEdlng on biological. species,
characteris Eics of an individuu0 as well
as on bone as a BuLtifunctlonal or8an
(welght-bearlnB, non-!veight-beariug,
sgongiosus, con-)act). {trird, i-t is ne-
cessary to studJ a boqy substence at ya-
.rious sE.ruciural levels i[ order so get
a fulL understanding alxd orobable necha-
nisns of bbe changes.

Fron bheoreblcal 9otD.t of rlor a.o.d
an effort to afford nalrned space-

igbt safety, ii is inportant to krow
oub an effect oi the os te o(lrstrophlc
anges on uhe boae stlength and espe-
alLy on Ehe s-oongy boae.
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Tb.e sELrdies of oechilnical Dfo.ierci-
es of bhe bone bave been condLrcted-in
bwo dilections. lhe fLrsi directiol, ha-
ving chiefly a Eheor'eCical significance,
focused on fevealiag a teadency of lha
shifbs of Ehese pror)erEies, based on the
fj.ndings of studylng bone oaterial of
bhe rabs flown aboald Biosatelli,tes
"Cosros-782, 9ro and 1'129'r. ibe feo.urs
have been e.ralli-aed. Ihe oechani,cal "!o-:)erUies o.t the head of uhe ferxou4s ,vhen
conpressed degraded sj-Bnif icantly and
constantlJ (ttig.1).

eafciuo
conteat
in ash
residral

increment. HolYever
nued to dec.cease (

, Ehe
fable

sErength contL-
1).

Grours Density
of dry
he ads

StrengtElioit

Spaceqli6!t 94, o
a
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UIlIIIATE
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xptri -
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rtecovery 95,0
. Here atrd further chere are sigrdficaD.l
dif-ferences as related Lo control.

fogether ,vi th Ehis, there lvas a ten-
de[cy bowards fubher decliniog lhe ca1-
ciuft concenblabion in an asb residua]. ol
Ehe bone. Hy:)o bhe tlcally, it is preclse-
1Jr uhis fact chaE enlains ! declease of
rhe bone strength. rloss of calclu-n ions
being on che surface of bhe crystals of
hydroryaoatite can ,veakeD. Ehe force of a
.,hysicocbe&lcal bond of a 'rcollagen -
crystal'r conpler and may result in decre-
asing uhe resislivity of boue substaace
to a nechaLical load. Siace the shltts
Dresenbcd in Table 1 occur,'ed at ea-cly
stage of uhe .Eecovery af terlBoace flilhb
ib is ,)ossible to assuDe that any activa-
tion of bone rearrangene!,t associated
wiEtr a change of Ehe crteraal conditions
tolvards both hyro - and hrrerfunction of
bone nqy result in a d€crease of its ne-
chaD,ical i).coperties.

Thl.ls, a weightles sness-j.aduced ostco-
dyslroi)hy causes u considerable Ioss of
ch.rrac te-ris tics of oechanical feaEures of
the sooDgy boae. At che saEe bine, it
a:)pea!s cbat a proEressive decline of Ehe
strength independently or bhe densiiy of
bon€ structure nry arise as a result ol
tb.e chalges occurred at lhe lowe! stauc-
tural levels o! bhe bone.

SroB Ehe data eiesented and thelr
interpretabion, it follows Ehat in order
to ,fedict lrhe changes of the necbaaical
3ropelties of huroan spinal colunn as ar-
llied to an erposurc Lo reightlessness of
a larEicula.r duration chere-needyat Ie-
ast the follovj.ng charactelistics of os-
teo(ystrophyr change of bone structure
density and caLciun contenb o! a nineral
coBroaelt. The sol,uEioD. of both tasks
cone across the methodologj,cal difficul-
Eies related Eo vital deternlnation of
a')Dro)flate carameters. theCt'ore, c oncur-
rent ribh :be er. efir,ental Jlolks, a ibe-
orerical s[bstantiation of ',rosslb]-e le-
vels of boae Eass loss by !i:e various
soEDarinents of skeleton has been d,one.
Thus, based on a bypothesis of a dlrec blJr
proportional d.eDendeqce of losses upoE
tb.e rate of physiological rearangeEeD,t,
lve obtained the yal,ues of bh.e bone nass
loss for valLous conoartneats of the ske-
Ietoa, dependiag -on na6nitude of negative
calciun balance (2). It is see! fron nbe
figure bhat spinal colu.nm tray be subjec-
fed to Ehe nore Barked chaDges. As for

t0

a

-J0

a0 __l
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,igure 1. change of nechai].i,cal ciraracte-
ri-sEics of heads of the femurs in Uhe
rats as a xesLrlb of 18.>-19.5 dal s)ace
flights.

fl related bolh co bhe indices of Ehe
sbfengrih aod nodulus of eLasbiciuy, aod
soeciflc enefgJ. A degradation of the
characcerisbics of oechaIrical pronelbies
,ras associated ,,{i th a severity of osteo-
(ystro2hy in a spon€iJ subsEance of Uhe
heads ,vhat was seen frou comparing Lhe
iadices of bhe strongth iiad volu[e con-
Eent of qinera] subsEances. .[he -reLation-
shio trad an er?gnential lattern -
y= o.524 ' 58.9^ und ras sufficiently
tight (r=0.)82). Sucb a .celaciocship co-
u1d be also seen .lor other nechanical, fe-
aLures studied, oane.Ly, loduLus of elas-
UiciLy and .J)eciflc energy ,{iUh soroe -
what Lesser cor]jelablon coeffi-cienus
(O.958 and O.82O resoectively).

IE should be ?articularly cnphasi-
zed Ehat the dcceodences derived are of
general character both(ghornaL and osteo-
porotic bone as ,,re11. l'-coB this it fol-
lows bhat desrenent of bone nass plays a
keJr role in lowering uhe indices of De-
chao.ical ?ro?erties of aBioals eriosed to
.vetgh tlesiaess.

Ilorevef, -ceso-cption of a pa.ct of bo-
ne substance is not she onIJ cause of a
oactial loss of Ehe sticen8tb bJ sponor
bone. Such a concLusioE follolvs froo
cbe cesu.Lts of studyj,ng Ehe characteris-
tics of a substatrce of the heads o.f L-be
fernurs in ihe rats fl.own oE board bhe
biosatellite "Cosnos-1129'r afEcr a 6 -d{y recovery leriod. By this tiEe, jud-
glng fron an inder of uhe head.s density,
thele ,/ras a sligbt trend of bone nass ''
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Table 1.
.ielationship of sone indlces of
heads of the feours in bhe rats
at'ser s,:rce f1i8ht aad o-dqy re-
covery (i6 of concrol )



aaother colrr)artn!nEs of skeleton, Ehe
severiuJ o.e'ostdlystrophy EaJ vasy con-
sj-derabLy. The theolebical Level of los-
ses has a good agreeBent with Uhe con-
verl,ed literature daba for hipbone (J)
and heel boae (2). ilowever, fo! Iunbar
vefteblae such an agrecnenb is D'ot re-
ached. Acco!di:]g bo Ehe 1ibe.catur..e data
(1 ), che losses of Eineral substances
in Ehe soi"nal colunE afe aboub 4 Eimes
.L()',ve-c than bheoxetical ones. /hab is the
i'eason fof such differences? Based on a
concel)tion of conditionality of bone
dystrophJ by a .ceduced erlosure !o for-
ce on sLeleuon under reaL and sinulated
lvei.ghbless environienb bhen this sug-
gests thaE for uhe sr)inal colurul 6his
exi)gslfe nay ohange lo a Iessef erient
Ehan -[or obher bones of Uhe skeleton.
r€t us conside.r .his {Lrestion in detail.
lhe anator0ofunclrional ?roieaEy of ve.c-
tebrae is Uheir abj,liby to conju6ate
.iith intervcrtcbral disks "vhich are hig-
hL/ tighb and rigj-d sJsteEs. 'Ihe
stjrengbh ls provj.ded by lhe coilagen
flbers having coE?J,er archi Eectonics.
lhey a.ce also responsibLe for a regidi-
ty bo .vhich a hj.gh hydra uj-on of Ehe
dj-sks, carticulafly its gelaElnous nlc-
Icus, is nade a conE{ibuEion. ilydiaEion
is r-coyided essenEial, by a hi6h osootic
pres.,[fe of the orEanic subri tances, anong
wbicir oloteoglycanes, ,lay a Ieading ro-
Ie, In man .vheo lprighi ao osBobic trres-
su.re is baLanccd by ohe one lroduced by
tbe above bo(y trasi and bodJ rluscular
fension. In on equilibriun state, Ehe
)resrure riEhin the lumb8r jisll's amouacs
to b., kgf,/cm: (o). Ic is clear thatjast this lressufe is bransuitled to
end lancllae of lhe vertebfae.

Dlrj,ng.rej-ghb].esJness or bedre s b,
an equiLibrirn is dj-sturben ar che cost
of .veigbt unLoadins ol bhe /eftebra.
Af uer: rn lErcdiate change of nanrs oos-
iu.re lrom verbical to horizonUal one,
uhc pressule ribhin thc luEbar disks is
decreaseJ n: to ),) k6f/caz (6). Horve-
ver, during a xolonged stay in such
Dosi;ion bhe i)les.iure should reach a Ie-
ye.l, cor!'esr)onding to an osnolric self-
pressu(e at bhe errense of ertra hydra-
tio!, of chq disk, i.e. should a)',roach
6.5 kgl/cnz. It aD.ears bhat an eleva-
ted hydraEion nay ex':lala an increase,
uoder weightlessness and bedlest con-
dj.tions, of heigbt of Ehe disks and
Lengbh of the burtran corso as a '.vhole.
Stabilizalrion of lenath i.ncrement oc-
curs on 1st-6th days. It a?pears that
by bhis tlne an approDriate intradlsk
oressure is feashed. A presented hypo-
bbesis shouLd be checked, however, it
shows the wqys of scj-eotific search.
Indeed, 1b ls known. for eramgle, []rat
an increase of bhe l€ngch of Erlrnk va-
ries lndividual"Iy. The diflerences j-n
the levels of self-o]]esru.re 1n a disk
cau be judged, based on this fact. AEd
if sor iU is ?ossible Eo er?ect the
different effects of an erposure to re-
al and sloulated wcighbJ,essaess on the
seinal. colunn, It is anticilated uhat j.n

individuals , ith a pronounsed b.ydrati-
on of bbe di-sks there will be e\ren an
increase of bhe denslby of bony sEruc-

ture as a result of a 24-hour effect of
Dl.egsu.re On uhe vefbobrae in aoo[nts
cor.'!espouding bo ve!ti.saI Dosj-tion ol
lhg bodJ oD. earth. And co[versely duritrg
deffj-cient hydration in case of osteo- -
chondrosis of scina.L column, aE incre-
merlL of inbradisk oressule in real and
simulaued reighclessness may be lE'ad.e-
quabe, uhere-{'ore, che losses of Ehe
bone nass close Eo a theoreEical, IeveL
,vi1l occur. I b ridght be ,,rel1 ooi-nt outtbe facb chaE distinction of gelatlnous
nucleus dirlinishes fron the lunbar to
mid - anq EuDerEhoraci.c conDai'uEeBts of
uhe .: )inal coluBn. nlerefore , a relati-
ve loss of uhe bone nass i-n a carticu-
1ar oan in different conoartneEts nay
/ary due to Uhe differences iD. an anato-
mo-functional sbate of bbe disks.

In an effort ro eyaluate ibe si.gni-
ficaoce of oart,iculer changea in the
s-)inal, col'nmn for its biomechanical cha-racbe.ristics, 0he erDcliments with a sba-tj,c and dynanlc loading ol its elenents
havc been conducEed. The single ver.te-
brae ?n,.,, - IJzr baken fron J cadaver.s of
h,ruan '"bein{s aged bebween ?2 arrd a5
Jgar-s, were subjected to static testlng.
Of i,hese hunans, 5 Dersons before bheii
dea,"hs have been under conditiols of
bcdrcst for 2C-42 dqys and died as a re-
sult of the suddenly develo,)ed conplica-
bions. "lb,e vcrtebrae f]',oo.4 oersons dicd.in aD, acqident have been used as a refe-
rence Bateri aI.

ihe chanGes in the density of Ehe
bone scrucuu.ce of ve-cEcbrae by an iaderof volLrme coabent of mineral substances
uuring bcdrest have not been obselved(Iable 2). ilowever, the calciuE concent-
rilUion in ash resi,lual rvas dilinished(o < O. Ci ).

Table 2.
Cha.racbefisEis of volune conbent of
nineral substances 1n bhe vertebrae
and sa].ciun concentrations in an ash
residual during 20-42 day bedrest.

Grouos une contcnt
of rqioe ! a1
s [bs Eances

e,/ cn)

9gg!rsl---9.:.?2919-:9i9-----_zg.Z?lQ.2p__ _
Bedrest -9'?t!9._91 .4olO.

Calciun con-
tent in ash
aesidual

o 22___
%ot
conbroL 101 .6 94 .8

'Itre values of sb.rengEh, aodulus of
elasticiby and specifj.c energJ in a
bed.re.l Eed group.{e!e considerablJ Io,'rer
Ehan ijhese observed ill control (Tab1e ,).In olher xord.s, in thls case [here
was a picture identj,cal bo bhat obseryedin the rats af uer a o-d.{y ?ostflight fe-
covery. A declease of lh€ streEgtb ofyefteb-cae in an absence o! signs of os-
teolofosis but 'vibh a d.ecline of calcllrE
concenEration of Eineral con.onent Baln-Iy ic indicative of ube calciuB Ioss
fro4 the su.rface of hydrorya.abite c -cy-stal and of Iooseaing lts adhesion witb.
co]lagen. Does Uhis loosening assoclate
JiEh oflset of rearIanBenent of Ehe bone
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torrards dec!'easing o! increasin8 Ehe bo-
ne nass-ls difficult to juoge, based on
the findings of this sEudy. Iab1e ,.

Change of Becharrical feaEures of
hur0an vertebrae duxing ?-O-42 tloJ

bed!est.
L{echanicaI l'eatuces

GrouDS

2O-4? oay oedrest by tO/" 9t Ehe :)ro)er .
value (U'l .5 and 11> kg,/cBe qespecErveJ'y.,r.

T'hus. a comDlex of oste"rlystro'rhic
chances, &evetoring in real and sinula-
ted leii*rclessness. result in decreasj'ng
Lhc resisriviEJ of'spongy bone Eo an ef-
lecL of itabic and dynanic load3. A lea-
dinq lactor of bhe changes of iEs Eecha-
.ricil "h"r".c"ristics 

is bhe loss of the
bone ^o"". 

Another factor can be a oobi-
rizauion of calcium iron uhe surface of
ihe h-idroria:,!ti te r ilcJonponJln8 by ]9-
oseni"ng a " c ollagei-c rystaL" bond' uhis
reacEi6n may be Eole ra:)id' bein8 a coD--

I,onenb of chan6ing Lhc -cearlangeEenE- or
irlio uorro in ac6orltance 'viEh a variable
of funcirional coDdiuions. In bhe splnal
co], LrEn oi lBarl may exist b.fre defence Ee-
shaAisns agaj-nsb uhe resorption oI bhe
Uo""-iu"o"8"." au rhe cost of tbe anato-
no-func Lional and bioncchanical. groper--
l.;ies of ioberve-'tebral dlsks. But in this
case ic nay also occur a decrease of du-
r'"ute. efrltic and e oe rgy-abs orbi ng fe3-
i"r'ci'of tlle verEebrae at uhe er.'ense of
aeclining bhe calci.un concentration iu
tiarorvaiatite. i(esisbi"iby of rhe soi-
nli c oiuin to the iooact ex?osurcs decre-
Jlu "it 

,"rv duc Eo a )artj.Ar ross of
ii"."irU by- che veruetrrae buc 3s a tesuLc
of j, EL' crl:rhged dynamlc reaction.
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e ne rgJr
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contlo1 b8.9
)1

17OO.2
1't1 .1

1,48
0, ol

Bedrest 47 .1
1,2 _29 .o 0
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l{o sesoenEs'fn,r-i,. were subj uc ted
uo dynamic loading. "ond .vas isolaEed
after the death of patieni who was bed-
l.esbed fox 74 days. Another segBent ''vi,s
taken floo che cadaver, :,fter a sudden
dearh of .rarienu, and was idenuical x![h
ghe firsl, one accordin8 ro irhe ')alanetersof bodJ nass and .lensity of '!ooe strucbu-
r'e of Uhe veltebrae. lhe scgments have
beea flred in succes;ion on a olatforxD
sin"rlabing uhe case of reentry caosule
and dld load bJ ,ilass corresi)ondlnB bo uhe
one of an above-Iocale(l con ,artnent of Etrc
body. Ihe ,vhole systen ,',es subiected to
a gfaded in)act erDosure bJ j-ts dropping
on arresting device lvhat as a wholc si-
mulated an interacuion of lecoverabLe
cansule .Yibh bhe ground unoer som
dj-ng sondibions. Duration of an i
imoulse iras about 60ns. The resul
cb6 sLudies arje oreseuted in labl

e ]an-
n,)act
ts of
e 4.
lable 4.
ICharacterLstics of Ehe muteria

lesbed and data of dynanic
eri)efinents fli6h segnents of
ve-rtebrae Tll - L..)

se $-
nenli

ont-
ro1 0.2

brae,

l;lass 6 r% Ac-
Ioad, Ein6
units for-

c€ r
kBf

cm

41 21 .2 21 . __L9__929

,'1 .6 1000

7
Bed-
cest 0.2419 4C 19.0 2r.o

.4/ith utre same densitJ of bhe bone
strucbure of Ebe vertebrae bodles for
both se8menbs in a control erleriment,an
accelcration on uhe l)latfo.rn aad loading
rnass Dxactically colncided ;vhile in Ehe
basic erperinenu an acceleration on uhe
segment considerably erceeded an a2pro-
iriate index oa ,Iabforn. As a resLrlt
strength actiD.g upon a segnent in rhe
second case substantiallJ inereased which
resulEed in a destrucEiel s-l -[nr.

inrtic strengEh testing ''of the
T.^. isolated afier 74-day beorest deEoD.-
stYauetl its decrease as in Uhe cases of
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NEIJRONAL ,ILCTIVIIY 0i NUCiEUS VES tI BULA.RIS
DURINO COOADTNATE' I.IO''IET,IEIIf O? EYES AXD

HIAD Tfu- ifl CROGRAVITATI OI{

were sllghtly cut. The acraws
f oedical lon-rustin; ateel w6re
into the ho1es. The rounded ends
EcrewB protruded. lnto the 1.!slde
eku1I at leBa than I D!c, dura

did not suffer. The screw heads
ied by a Yrire (0.5 run in dl,aDetsr)

anC aerved aa a franework for the plastic
baae and as the ground. fhe plastlc nould
was plsced under the wire caicass whlch
had special cutout8 for radlally insert-
ed screwa, snd the faet polloerlsatlon
pla8tEass wes cssted ln. The lorer part
of the plaEtlc base wes Etlrck to J.ts up-per part wlth the help of the same plest-
nasa. X-utE were ineerted lnto the upperp8rt of the base in order to faeten tech-
nological elenents and to flx the non-
kerrs head ln the special chalr fraE€.
?he base ryaa ralsed 3-5 ron above the
s kl.n.

Such Eethod of attachlng the baseto the head dld Dot cauae trauroas or Ln-
flatrnations in sny Eonkeys of the f11ghtgroup. Ihe rigldnees of the ba8e-head
fixation !"s I Eo hLgh that the aniEalts
head could be regularly grlpped ln a epe-cial chalr frane durlng the axperj.nenta
and also for the correctlon of eleEent8
and electrodes iri.thout narcosla. There
were no case8 of the loss of recorClng
due to the break ln the electrode fix;-tlon, there were no pathological changesln the skull boneB. -

lI1 the elenents were fLxed otr thls
baae 3 transducers, connectors, prea.npll-
fiera, electrodes. These elen6nte weieprotected by g cap nade of p1a6tlc. lhe
aLuminium fo11 stucl( to the-1n6tde of
the cap_shielded the 

"ecordlng clrcults.
f'lgure I BchenatlcalLy repreeente alltecfurolojlcBl elefienti on'uroakey r s headln as serobly.

points
nade o
dri.ven
of the
of the
0&ter
Y,rere t

H. G. B,-rota,
A.N.Nyrova,

B.ld. Babaev
S. B. Yakueh

, f.lI. Bel oo zerova,
ln, f. B.Kozlovsk8ya

Insti.tute of BloDe dical
IJoscow, USSR

Problems,

ABSTRACT

In thle is8ue the authors describe
the eurglcal and technolo8lcal mEthods,
which provlded Etable recording of elect-
lic actlvlty of neurong of vestibular
nuclei in nonkeyE durln; the flight of
the blological sateltlte,'Kosmos-1667".

lhe veEtlluIar ByeteE dependE on
grar/lty nore than aoy other eystenr. ItE
irork 1n nricrogravity breaks sharpply. lhla
waE asgumed froE the experience of co6no-
nalrts and indirect experinental resultg
that were obtalned ln the vestlbular-
Eotor investigatlon. There are certain
data whicir testlfy the chande of statlc
and dyaaelc ercltation of vestlbular
syEtem in weightlessnesd, but theee are
only lndlrect eval.uationE of the sy8tem
state as a whole.

;7e hav€ no knowledge of th€ actlvl-
ty of differont parts of vestlbular syB-
tex0 in vrelghtl€ sEEe86 r ody Cirect re-
cordlngs of bioelectrlcal activlty of
vestlbular atruct[res iD intect aniBalE
durlng natural noto! acte cal] glve the
data for a detalled deecrlption of veEtl-
bular dlsordors ln weightlessne Bs.

Tradltlonally, ln order to p1ec6 en
elenent on the aulEalrs head, one renoved
the skln anC eoft tiasuos fron the skull
and then flred the neceaaery elenenta
rlght on the skul1. Thie method he6 cer-
taln shortcomingg. Ihus, there is great
possibiuty of lnflamnation of tisse, on
the head on the edges of the lnJured
alea, the electrodes and constructive
elenentE in plasteasB attached to the
skull cannot be cbaEg€d; the electrodea
are llkely to be danageC ryben the aniEal
lE kept in cage for a long tlne. Ihese
shortcoEings were Cone arvay with due to a
nev nethod (1r2,3). AccordinE to thig
Eethoda 1lght plosti.c ba6e was fLxed on
the skul1 wlth the help of screws wlthout
removlag the muscles and skln, then all
the electrodes and technologlcal elerBents
were attached onto thls base.

Uade? narcosls 10 holee (1.! rno 1n
diaoeter) were radiaLly msde in the skul}
the 6k1n and nuscle tissues in the6e

Figure 1. Set for fixation of technologl-
ca1 elelleDts on the nonkeyts ekull.Screw
pogitlons on the skul1 bone6, plastLc
base rith electrode arms, IrotectlDg cap
and frane wlth two prea.Epllfiere and con-
nectora. Bottom rLght - Bchene of st6reo-
taxic ln8ertlon of nlcro€loctlode in the
bralu: isolated electrode ls Ln the Eultt-
uB gla8s tub, t*dch is ,n sblnles8 steel c;nule,sbotaxlcelly Fotruded tho ugh the bne.'
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3-4 weekg after the baaa wBs attBcH
to the head, the aecond stage of the ope-
ratlon took place.Under the narcosls ho-
lee (1 !E) wele ster€otaxicetly drllled
ln the skull bone through tbe skin a,3d
m[gcIe tla6ueo. Steel canulea t{ere lnsorL
ed llto the holes, Bo tb.at the dura re-
nalned safe. the outside dlaneter of the
canule wa6 equal to that of the hole,
which provlded for the Etereotaxlcity of
the canule fl-xatlon.The canules were flll-
ed vrlth aterL!. wa.x, so that ln the pogt-
operatlonal perLod the epldural area
Ehould not be connected w1th the erternal
side. The caDulea were unlted aod connec-
t€d wlth the base by plastEass lnaertion.
!{o!e thEn 50 canules could be inserted
lnto the skull bone. The canolee gui.ded
nicroelectrodes durlng their pene tration
into the bral.n.

The el.ec trooculo3Tafic and the ence-
phelodraflc electrodes were lnplanted ac-
cording to standard procedure.

0n th6 sniroalrs head the"e were: 2
preaflpllflels, the connector'the arB for
the fixation of eLectrodeer the frar0e and
the cap.

heaopLlfj.er8 vere Dounted on the
connecto"a and could be reEoved. Ihe lnput
resi.atance of these anpLlfler8 wae 20 l{ont
ttre leve1 of nolse - 5-'l nc\ and the galn
a.counted to 10. A special Ught netaL frF
ne v{as l.rsed for placing twc preanplifiers
and the connector. The frsse !{,as attached
to the base by screw8.Such dispo8ition of
technological elements nade the Pos6ibi-
llty for the chan8e of elenents and for
the control of tTo uble8.

fhe electrode arns llere made of a
thlck wire, fixed to a eEa11 isolati.ng
plate. IhiB plate wa8 screwed to the basa

fhe standard capa were made of acry-
Ilc plastlc (3 nur wiile).5 hoLes (of 3 Im
dlaneter) were made ln the top of the cep
for the ventllatlon inslde it.

Standard tulgateE electrode8 ln var-
nish lsolation v/ere uaed for extracelluLa
recordlng of neural activlty l! the expe-
rlnent on the bloloElcal satelltte "Kos-
mos-156?". fhe Clan6ter of the electrode
t"unk wlth isoletion waa e0 ncn.

The electrodes were inserted into tho
nonkeyra brain tylthout na?cogia. The head
of the rnonkey. sitting in the chalr'ws6
flxed i! the speclel frame.Ihe recording
electrode was placed inside the 81aEs gu-
idlog tube.The outside dlaEeter of the
tube was just a U.ttle lesa than the ln-
slde one of the 8tee1 canule 

' 
stereotaf,l,-

caLly lnEerted lnto the skLrII bone.llhen
the cuiding tube pen€trated th.rough the
canule into the brain' lts end was 5-6 nn
above the requlred point.Then the tube wag
clewed to the caEule and a recordina ele-
ctrode rvas protruded froe the guldlng tu-
be irlth help of the manual ldcrodrlver.

It was very lnportant to knolr the
foc[s of recording aad the posltj,on of ltE
electrodea. The nonkeyra head was flxed
1! the frane and the chair rvas ogclllated
ln the horizontal plane. the actlvlty of
neurong was recorded as the electrode pe-
netrated lnto the braia.Thue we fomd the
population of neurons that chenged their
actlvlty 1n the rhyth.ln o? vestlbular dls-
turb. !'rhen auch neuronal actlvity raa fo-
u-nil in the required polnt we concluded

The Physiologist, vol.3l, No. l, Suppl.. 1988

that thls le a neuronal populetlo! of oe-
dial vestiblrlar oucleus, connscted wlth
horizontal vestibulBr chaDnels (Flgure 2).

I

r=t{,,iffi

ffi

Figure 2. Acti!.lty of medial vestlbLrlar
neuronea Curtng head oscillat1ons. The
nonkey was eitting ln the chalr and lts
head waa flred in special chalr fraBe.
1r2 - top trace - EoC, nerronal actlvlty,
bottoE - head posltlon (two dlfferent
uonkeys)i calLlbrations: EoG - L5 grade,
head positlon-8o grade, tLoe-200 ms. 3 -
hy8tograne of neuroral activlty, nodula-
ted in osciflatlon rhythm.

Ihe ac tiYi t
nuclel wa€ recor
rlng it and afte
perimenta: when
pid gaze fixatio

f Bedlal r/ee tibula!
before the f).lght, dLr

he landing lD two ex-
anioEl perfortred ra-

eaction and lift reac-
tlon. Durlng tbe gaze fixatlon reactlon
the anixoal turnBd Lts head. Thls Eovenent
induced the actlvlty of receptor appara-
tu8 of the aerol,ctrcular channels. The
veetlbular affel€ntatlon Drovlded for the
coordLnatlon of the rapid gaze fi.ratlon
reac tlon.

The described r0ethod nade the pos-
61b1l.1ty to get the data of the electrlc
activlty of vestlbular nuclei duriDg the
resl cosBlc fli:ht of the nonkeya (4).
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Iarc E Tiach]'er, Erik f,enril3en. St€phrn Jlcob,
SoisungYao Sataru8 and Paul. Cook

PROBLEXS IN ANALYSIS OF DATA FROX
xuscl-Es oF RArs Fr,lalt rlt sPAcE

Department of Biochemislry
Universi!y of Arizon6 Heal.Eh Sciences Center

Tucson, Arizona 85724

Acquisilion of muscles fron ra!s flotn on
Spscelab--3 ( SL-3 ) ( U6y I985 ) afforded us the
opPortunity to study the eff€cts of spaceflighl on
muscl€ massr prolein 6nd amj.no acids j.n groring
rats (190-250 g). Xuscles studied included the
soleusr plantarisr gaslrocneniusr extensor digi-
torum longus and ribialis anlerior. fyrosine ras
measured bec6\rse il is neither synthesized nor
degraded by [|uscle and thus serves as 6 qual-
itaEive indic6lor of chantes in muscle prolein
turnover ( 14 ) . AsparEate and glulsin:ine are of
particular inleres! because of their irporranr
roles in nuscle as a source of nitrogen for the
purioe nucleolide cycle (15) 6nd in Lhe reooval of
ni.trogeno'rs lrastet respectively. A previous strrdy
froD lhis laborarory shoved tha! unloading by
tail-cast suspension altered lhe me!abolisD of
lhese amino acids (16). Soleus muscles of adult
rals (360-410 g) floyn on SL-3 exhibited lorer
amounls of aspartale and asparaSine, tlutamine and
8Iulama!e, glyciner histidine 6nd lysine Lhan in
control muscle (17). The muscle ratio of glula-
nine,/8lut6mate used in this sludy to evaluaLe
poLenlial effec!s of unloading on muscle glutamine
meLabolism provides a qualiEarive indicalion of
glutamine production in muscle (16).

Because the fLight 6nio61s yere subjected !o
1I Uo 17 h of reloadint and food deprivati.on on
earth folloying the flighr, a study usint Lail-
casled suspended hindlinbs ,as conducted 6L lhe
NASA Ames Research Center by Dr. Enily Hollon
usint lhe s6me st.ain of r6!s and follouing a
similar prolocol to ,hich the fligh! rats uere
subjecled. Data for ouscles acquired from lhis
lalter study are used here 6s the ground-bos6d
sludy for coolparison.

XATEXIALS AIID ITETEODS

Flight ani.mals. Sir ma1€ albino rats (T6conic
Farms) flovn on lhe 7 day SL-3 mission r€re
specific palhogen freer caged in separs!e fi1ler
cap vivarium cages, and provided Teklad L 356 dier
as pelleLs or food bars (in-flighr only) snd yater
6d Libitun prior to and during flithr. Control
anirdals vere mainlained sinj.lsrly in siroulation
cages, Afler landj.ngr anihal.s yere florn to
l(ennedy Space Center vith access !o Bel-paks only
for I1-17 h be6ore beint decapitdled. The controls
rere transporled in a van but not io an aircraf!
and yere also provided onLy vith geI-paks for 1l-
17 h before being ki11ed. Ri.ght leg muscles r.ere
excised 6nd veighed by NASA techniciansr lhen
frozen in liquj.d ni.trogen and shipped on dry ice
to this laboralory HiLhin 24 h for processing th€
day of receipt. Flighl anioals initi,sl,ly ,eithed
197 +486nd241 + 9 g afler landing conpared to
conlrol values ot 2ll + 2 g 6nd 258 + 5 g. ltuscle
and 6nina1 reights rere provided by Dr. Christo-
pher SchaLte, NASA Projecr ScientisE for SL-3.

Suspended anih61s. A study conducled 6t NASA
futes Research Center by Dr. Enj.ly Holton siru-
latedr using lheir sodel of lail-traction suspen-
sion (4), lhe genersl condiEions to yhich lhe
flight animals xere subjected vi,th Ehe exception
of no transportation during reloading. R6! sEra:in
and size, cage conditions and food rere oalched to
fIi8h! conditions ss closely 6s possible. Croups
of suspended aoj.mals included those subjecied to
no recovery of 1I-I7 h recovery (reloadin8) prior
to kil1ing. The sequence for tissue di.ssecLion
paralLeled that used for the flight aniEals.

Compari.son of hi.ndlimb muscles of r6ts flovn
on Specelab-3or tail-!rsction-suspended shoved
that 11-17 h reloading post-flight miSha have
altered the !esults. Soleus atrophied. plantarisr
tastrocnenius and extensor digirorum longus grer
sloyerr snd tibialis anlerio! grei norma1ly. In
both flight and sj.nulaled soleus and pl,antsris,
higher tyrosine and Sreater glutamine/gIu!sm6te
r6tio indicaled negaEive protein balance 6nd
increased gluEsnire produc!ionr respeclively, re1-
alive Lo controls. Aspart6te yas loyer in these
rnuscles. Reloading Senerally decre6sed lyrosine,
bul increased 6spartaie and g1u!anine,/gIularD6Le.
These dala shoyed that st 1.2 h of relosding after
flight is chardcLerized by reversal to varying
exlenrs of effecLs of unloadinS.

Analysis of tissues from anio6ls subjecled to
spaceflighf provides an opportuni!y for under-
standin8 Lhe adaptalion of biological organisms to
Dicrogravi!y. Using models for hindlirnb unloading
on ear!hr in conj unction riEh sp6ce studies t
offers a me6ns for investiga!in8 furlher lhe
effects of unloading on nuscle and bone. tience
invesLigslors have developed taj,l-c6st (1,2),
harness (3) and tait-tr6c!ion (4) suspension
models. The real !es! of yhelher these unloading
models are useful for accelerating inveslj.gations
of the effects of unloading in microgr6vity is lhe
comparison of dat6 from nuscles unloaded by sus-
pen6ion and in spaceflight.

R6t hindlimb unloading by suspension or micro-
Sravity induces physiological and biochemical
changes j.n muscle. The soleus i.s nost responsive
of lhe hindli,nb ouscles (I,5r6,7). Nex! in respon-
siveness 6re lhe g6strocnemius and plant6ri.s nus-
cles, follolred by the exEensor digitorum longus
and tibialis 6nterior riuscl€sr vhich Day shoe
1i!Ele or response (Ir2,5t7). Hislochemistry of
Duscles fron flight or restrained rats shoved
simil6r changes and paLhoLogic developmenL i.n lhe
soleus (5.8). Comparison of the soleus of taj.1-
castedr suspended rsls (2) rith r6ts froE cosmos
936 (9) showed a diminulion in naximuD iso6etric
tension of bolh muscles. Distributi.on of isc-
enzyBes of lactic dehydrogenase in ra! soleus
ouscle shifted fron types I and II to types IV snd
V after 2 days flight on Cosnos 605 or after t5
drys of cage restraint (10). UnLoading by micrcF
gravity (1I,I2) or by suspension (13) 61so leads
to incredsed glycogen concentration in the sol,eus.
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lluscle
frozen ouscles rere veighed and thefl sliced inlo
reighed pieces for proLein and amino acj.d analy-
sis, Ralios of fresh yeight (provided by NASA) !o
frozen veight for each muscle yele used for
correctinS lhe veighls of the cut pieces in calcu-
lalint prolein concenlraEions. Tlssues rere homog-
enized in cold 0.2 N HCIOA (12 ro 20 Eg tis-
sue/m1). After cenErifuB,aLion (I0 min: 5000 x gi
40C), the supernaran! ras removed and neulralized
!o pH 6 to 7 usinS 2.5 N XoH, 0.1 H pi,perBzinedi-
ethanesulfonic acj.d. The protein pelle! yas yashed
once vilh IOZ (y/,t) lrichloroacetic acid and then
lrice uith €thanol:ether (l:1), and Ehen l{as
solubilized in 1 N NsoH (10-20 ng tissue/o1).

4!l3Jg, ProLein (18), aspartsle (19), glul6-
male (20)t glutamine (21), and lyrosine (22) rere
6Ss6yed by standard Procedures.

Stalistics. Significance of differences be-
lreen concenlrltions vere lesled by lhe unp6ired
Student's I lest or belreen rat.ios of Blulamine,/
glutanaLe by the lii.lcoxen Sum R6nk Test.

RESULTS AI{D DISCUSSION

Response of protej.n. Sj.nce i! is no! possible
to oblain directly initial muscle mass or prolein
cont.ent to calculate their changes during unload-
ing, an alternate approach has been used for eval-
uaLinB the lllagnitude of muscLe atrophy and troyth
inhibj.tion (l). Esfimated initi6l protein conlent
c6n be calculated from the initial body reightr
p1o!s of normal muscle reigh! versus body xeighl,
and ini!i61 prolei.n concentr6tion (1). Plots of
body vs. muscle veight vere performed for nuscles
of 22 6nim61s (185-260 g) used in the NASA flighl-
sillulsted studies yieldin8 equ6tions Bi.ven in the
legend to T6b1e l. Such anaLyses yere used to
compare Ehe changes in prolein conlent of hindlimb
Duscles during unlo6ding in space or by lail-
tracLion suspension (T6b1e 1). Controls for the
flight and suspended rats grel. by 21-262. These
delerminalions shoyed lhal only lhe soleus atro-
phied rhen unLoaded by either oelhod. In both
flight and suspended anioalsr the planEarisr gas-
ttocneniusr and extensor digitorum longus muscles
shored reduced grourh. fhe libialis anteriot gre,
more normally than other muscles.

TABLE I. COIPARISON OF PROIEIN CEANCES

Mus c 1e SL-3 Aninals SimulaLion Animals
percen! change from d6y 0

Prep6ration. In a cold (4oc) Response of amino 6cids. Previous york shored
a nunber of significanE changes in amino acids in
the unlo6ded soleus. The soleus of both flight and
simulaled-recoverin8 ra!s exhibited a greater
concenlralion of lyrosine (Table 2), lover concen-
tration of aspartaLe (Table 3), and a greate(
rsri.o of glutamine/gtutamate (Table 4),

Since fuharale is forEed an6plerotic611y froD
asparlate via rhe purine nucleotide cycle (15)i 

"ealso me6sured levels of fumarate I as re1l as
lnalate r j.n the flight soleus to delermine if
changes in these metabolites coincided rilh the
change i-n aspartale. Funara!e (0.25+0.02 nmoL/mg
protein) and malate (1,98+0.09 nmol,/m8 protein)
vere loi€r (P<0,O5) in flight soleus Ehan in
control ,nuscle (0.34+O.03 and 4.96+0.17 nnol./m8
proEeint respeclively). Therefore, Ehe lover
sspartate in fli8hl muscle Likely reduced the
anapleroEic formalion of funarate.

In the simul6lion study recovery dininished or
reversed the response lo un1o6din8. Tyrosine vas
ouch grester in the nuscles yithout recovery.
Tyrosine | ,hich is neither synlhesized not
deSraded by skeletal muscle, h6s b€en used in
vilro as an indic6lor of changes in net protein
breakdovn (I4). Thereforer lhe increas€ of Lissue
tyrosine l,ith un1o6din8 undoubtedly reflects lhe
neSaEive protein balance of the unloaded soleus,
Conversely, the f611 in nuscle tyr vith reloading
suBges!s a diminished contribution of protein-
derived anino acids to the general amino acid
poo1, yeL asp6rtste rose signific6ntly.

Aspart6te is imporlant in muscle in the pur-
ioe nucleolide cycle for the reamination of IHP lo
AtlP aft€r exerci.se ( 15 ) . Therefore, availabi.Iily
of aspartale in a reithE-bearin8 nuscle may be
essentialr vhile vilh reduced aclivi!y 6sp6rlate
becomes less irportant. EIeclrical siinulation or
exercise i,s 6ssoci6ted uith increased 6spar!ate
snd ma16!e (23-25). Follovint lelanic lrain, the
large j.ncrease in ,nalale is dinini.shed rhen flux
through adenylosuccrinate 1y6se in the purine nu-
cleotide cycle diminishes (26). Therefore, il is
possible th.t the increase of asparlate yith re--
loading and i!s diminu!ion vi!h unlo6ding could be
functions of chantes of rnuscle activity.

Ios! responsivevas the g1ut6nj.ne,/glut6m6te
ratio. There are lyo reasons ehy fasEer synEhesis
of Blutamine mlght be expected in relo6ded rD\rscles
of fligh! anioals. The ll|ild stress of unlosdinB by
suspension leads to increased Slutamj.ne synthe!6se
6ctivity, 1ikely du€ to elevated circulsling cor-
ticosleroids (16). Since unlosdint also leads lo a

Breater n6ximur, bindinS capacity of tlucocorticoid
receptors in losd-bearing ouscles (27)r glut6trine
synthetaser 6! least j.n the soleusr n6y be oore
responsive to any given plasma leve1 of corCico-
sleron€. Sioilar responses may occur in flight
muscles, as vell, The 12 h of reiSh!-te6rin8
posl-flighL mighl h6ve promoted suffj.cien! produc-
lion of aDmoniai vhich seeas liriting in unloaded
muscle (16), to al1oI for the synlhesis of a1ut6-
nine. Secondlyr production of tlutaEine seens !o
be especially sensilive !o re1o6din8 of lhe so1-
eus. Indeedr net release of glulamine by isolated
soleus ras near nornaL ,j.thin only 4 h afLer
reloading 6nd the Euscle ratio of glutamine/gluta-
male increased to control values rithin 12 h
(J6spels and Tischl,er. unpublished observation).
HeDce reloadj.ng n6y h6ve increased greatly the
ratio of glutaoine/glutamate in the flight soleus.

Soleus
Plant6ris
Castrocneoius
Extensor di8i-

!orur, 1on8us
Tlbialis anterior

-11
+14
+11
+14

I
I
I
:
++21

-18+6
+3+2
+ 2+ 4

+8+3

+10+3

The equa!ions for calculatint nuscle veith!r vhe(e
X = body reiSht ,ere: soleus: 0.43X - ll.8i plan-
laris: 1,42X - 85i Bastrocnemius: 5.75X -I75i
extensor digitoruo longus i 0.49X - 13.7i tibialis
anEerior: 2.OX - 32.
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TABLE 2. @IIPARISOI' Of TYROSIIIE RESPOI{SES T1o UTI'ADIIG A}ID RECOYTXY

lluscle SL-3 Anio6ls

leiSht-bearin8 FLiSht

Sioul6tion Ani.m61B

lJeight-bearing Suspended

nmollog Protein difference nmo1,/mg pro!ein
No recovery 12 h recovery

difference

Soleus
PL6nt!ris

0.61 +
0,80 +

0.03
0.05

+38!
NS

0,54 + 0,03
0,46 + 0.01

+r092
+ 872

+357

NS mesns nor siBnificsn!

TASLE 3. OOTPARISOX OF ASPARTATE RESPONSES To Urll.ofi)Nrc ATD RE@VERI

llu sc 1e SL-3 Anill|!1s

IeiSht-bearinB FLiSht

n6o1/m8 Prolein difference

Si,rou16!ion Aninals

l{eight-bearint Suspended

nllol,/rr8 Protein
No recovery 12 h recovery

difference

Soleus
PLanlaris

8.1
1.4

8,8 + 0.6
O.9 + 0.1

! 1.0
! o. r

-7 AZ

-267
-88:
-687 -3rz

1ABLE 4. @XPIRISOX Or CUtrAf,ILE/cLtnAI TE X-ATIO RESpOaSf,S m UmoADIXC I}{D RECOVERY

llu sc le SL-3 Anihrls

liej.Shl-bearing Flight

Simulalion Animals

L€ighl-berling Suspended

nmol,/mg Protein
No recovery 12 h recovery

difference

Soleus
Plantaris 7.0

+ 0.Ii o.:
+162
+31Z

2.3 + 0
5.0 + o

I -262
NS

+617
+ l4:

NS I,eans no! significan!

other responses !o teloadins. Other studies
in this laboratory have poinEed !o the potential
paobLeos yhich roay be encounlered yiLh relosding
even for sholt periods (Henrj.ksen ,nd Tischler,
Eanuscript subftilted). one of our oore remarkable
observations vas the Eriph6sic response of glyco-
ten oet6bolisn !o rel.ording. Iithin 15 Ilin
the 6clivi,ly ratios of Slycogen synihase ond phos-
phorylase rises significlnlly .nd over the fj.r6! 2
h there is a m6rked fall in lhe concenlr6tion of
soleus tlyco8en. Thereafter bet{een 2 and 24 h,
there is a sharp inctease in glycoten concentr6-
tion to 2 times nornal ( 'supe(compensali,on of
glycogen') follol,ed subsequen!1y by r return to
norllll over th€ next 48 h. Hence during the 1.1-17
h of le1o.ding fo11oyi.t flight it is conceivable
that Duscle glycogen decLined and then incre.sed
ltrin to the high 1evels reported previously post-
frtgh! (12),

There is also 6 considerable response of B1u-
cose uptrke !o reloading. After^3 days of un1o6d-
ints, bssal up!ake of 2-deoxytl,2rHl glucose (2-DC)
climbs !o 602 6bove control rithin 12 h of r€1oad-
in8 (Henriksen and Tischler, subEitted), There is
also a dioinulion during this tilue of Lhe enhanced
insuli.n sensitivi!y reporled for unloaded soleus
(13). Even 6fter only 24 h of unloadinBr reloadin8
for just 24 h enhanced 2-DC uprrke by 452.

Concluding relD6rks. These v6rious findinSs
poinl !o the potenti.al probleDs ve frce in inter-
pretling daLa fron ouscles subjected to post-
fl.j.tht recovery. Even the 20 oin of yeight-bear-
ing durinS re-enlry Eay produce soDe significant
chrnSes. Hence it is i.oper6tive to develop
research prograos \rhich rt11 61loy aore ettensive
experj.oentation entirely rithin 6 sp6ce 1sbor6-
tory.

s- 12

firol/mgprotein difference



X.E.T. is an EslabLished Investitator of the
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IY - OIEoUSSIa! :
Err6t result6 d.non.trat.d that th. crrdirc rnd
th. vascul,ar p!ran€ters dtd,at shor tha sallt.
€volution and did.nt chrng. 1n the sAn.
ampl i t ude on tho diff.!ent..t.onrutr.

IY. ! - Left h.art p!rlnot... :
Th. Ieft v.nt.!c1.. v61uD. in diartot. ( LyDy)and th€ cardlac output { CO) H.!. tncr.a.!d
du.in9 5 dlys oh alt.on.ut Ar rher.as for 15
3nd 16 th€3€ pa.ah€ters 3hored only . slight
inc...r. on fIight day on. foI1or,.d by a
sr9nrfrcant d€c.€ase ( aan. day) rnd r.oain.d
3t!bI€ during th€ r.st of !ho flight. For .oln.
m.ssuromenls th. heart atts incraaaopartrciplted to th. incr.a!. of th. CO but th.
v.rration of th. co x.r. at{ry. r.l!t3d to th.
vari!tion8 of lh. !trol. volun. rnd th. c..dlrc
caviti6B sir.. llon€ of th€ th... a.tr6naur.
did'nt shos .ny di!turb!nc.! of th€ cardiac
contract!1ity.
Itt€. I6nding the t.ft v.ntria1. voluln. 1ndiaBtole x!. docr.6s€d hox€v€r th. c!.diac
output uas atrong]y .I.vet.d on alt of th.3.st.onaut3. Th€s€ p!.aneters r.cov.rrd th.irbrral valu€ rithin approxin6tty 5 to rO day!,The blood Dr.Bsu.€ did not chaDg.signific6ntly.
F!nary, rt s..n. that for lno.t of th.
ast.onautr, re can hypothsriz. th.! th.r. t a. rtran.i€nt incr€!.. of th. c!rdiac volu.na .ndoutput rhich ..cov.r.d xithin on. day o. r f.tday8 and then d.crea!.d ( -10 to - 20 t). fhlsob8..v6tion iB in ag...mcnt t.ith th. r..utt. ofth. echocrrdiogr!phy.xp.riment p.rform.d in1985 onbo.rd the shuttr. ( SfS 5l E) oh 4
ah€.ican !6tronruts ( tt$ !UIGO, JB CHTRLES) rnd8od r6at !tudi.. ( 3. 5. ), fh. incr.as. of
cardi ac output could be r.1.t.d to th. fluirl
shrft torard th. cephrlic e..r ehtch silllulat.an hyp.rvolenia. the ad6ptrtton ot th. c..dlo
vrBcular 6yste.n silL consist in r t.anrf..t of
lrqutd f.om th. va!cular cofipratn.nt torqrdtth. int.rstitiat .r.a on th. upp.r prFt ofthe body ( lung. ?) .nd th. ]o.! of 1iquld byth. urrnary tract th. rhol. tot inducing !Dhypovol.lnir ( 6. 7. 8_ 9_ ).

IV.2 - P€rr ph.ral ci!cutation :
- On a3tronaut l1 $s not.d . stlght tncr€..e ofth€ carotid blood ftor. ( r tO I) dsrpito ama.k6d elovation of the ca!di!c output but atth€ sama ti,ne, an inc..!.a of tha c..abr6l
vaacular r€sistrnc.. th€ carotid btood flor ri.
s€3kl.y incrols6d on A5 rnd lG ( i 15 l) .I1cluring th€ flight d.!pit€ a d.cro!.. of th.cardiac output. lt th. raln. tiDa th. carab.rlva!cular r..i.t.no. d.or...... rh... thr..caa€a ahoe th.t r Btrong varo6otor ragulrtlonof th. c.r.brrI circutation .r!.t., th. COchang.a bolnE comp€ns.ted Dy th. rdJu.t.n.ht ofth. drst!I v!!cut.r ..ar!tanc€.
- The f.noral blood flor ra! stightty .t.v!t.d

ll rhen th€ CO increas.d horev.. th.vaacular ..3ist6ncss incr..!ed. On a.tronaut t6ue obs€rv.d ! slight d.c..!.€ of th. t.norrl
f lorr a..oclat.d r.i th ! .l.cr.!!. of th. CO and
6n incr.!!. ol th. vracul!r re!l!tano..- It
E.€mr th.t on thr inf.rlo. Itnb. th. btood flor.
.eoul!tion i! not .; lccuret. r. in th.
c€phalic 6r€! tha el.vatlon of th. re.lstanc.
ind€x could be r.1at.d to th. fLuid !hift lnd
thc r€lativ€ enptj.ng of tho llmb v.nou. !y.t.n.
- lfte. .oturning in oh. g gravity th. blood
ftor and tha vaacul,ar .esltt!nc. chrnEad
strongLy, on ll, A5 and l6 :

- th. c3rotid ind f€moarI flora rraaa incaar!ad
during aov..aL days and prog...i1v.1y
r€tu.n€d to the b.3!1 vllue,
- th. c.r.braI v.acuI!r r.alatanca l.e!
d.cr.r..d on l5 but ..orln.d quit. oon.t.nt
on l'l and 15,

day 1, tha f.Do.al raalatanoe rra
atronEly d.cr.!..d on lr and 15 ( lnf.rior to
th. b.sat val.u. and th. Ia.t in fllght valu.),
then shox.d targ€ oscillrtiona and ..cov.rad

de Biophysiqu. X6dicat€,
x6 dac i ne Tour! 37032 ?trxcE.
, Paris, TouIou!., fRtNcE.
d. P hy3 i ol oEi.. ?!cultl d.

Lyon 59373 PRANCE.
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lll - EESULIS :

th€ varlations of tho maln cardloveBcular
parlnetsas ar. €rpra!!.d !r tha p.rcantlga of
the brral valu6: cardiac Para,nat..s on figurl
1, caaotid paranet€rs figur€ 2 and l€mor!I
Darroe teaa f i gure 3,

Ih€ !!86!!h.nt of th. .ardiov.!cul!. functioh
p6rlorn.d by thc help of th. Space

Echogrsph ( XATnt) on!oard S.1j.out VII and th.
Sprc. Shuttle. Du.in9 Bhort fIight x. not.d.
moderat. rnc.€aae ( maximum + 30 t) of th. t.ft
v.ntrrcl. and th. c.rdirc output follored on.
day or 6 Csr day. I.t.r by th. d..r.a..
(darinum - 15 l) of tho.. p!rrn.t.r..
It th. r.me tlme. th. c.r.brr). ciraulrtion
r.m6r n.d qui t. 3t!bl. l.h.r.a. th. f.moral
circul.tion ch.n9.d xith the c.rdlac output.
Aft6r landing, most of th. ha.nodynilnlc
parametor! $.r. t.rn.i.ntty inc..!..d but
rhor.d l!r9€ o!ci1l6tion. r11 along th.
rscov.ry p€.iod. The c.rdiovaacul6r parrnatars
r.turned to thslr basal v.1u€ rithin in !
f.r days ( 6 day8). ths v.riations of th. a.in
hr€hodynani c parlmat.rs praa.nt.d a
p6.centag. of tho b!s!1 valu. rill b. comp.r.d,
proflight, infllght and port fllght.

r - LdISA9USITA! :

The asa.Elnont of tha nain cardlrc and vasculrr
pa.a6€t.rs h!v€ b..n D€rform€d du.inE spac.
flight! rith ultraiound lnethods. ( 2. 3. 11. 12. )
lt.o expari1116nte oere car.ied out onborrd
Saltout YII 1982, ( 7 d6ys fliqht) rnrt oDboard
th€ SD.ce Shuttt. : 1985 - (7 days fltght).
tha .!me dovic. (Ilfnl ECIIOGRIPH) rr. u..d rith
the BAm. protocol during thi! tro fl1ght. on
rhtch 3 r6tronrut! i,.r€ axplor.d.
Tha purpoa. of th.t etudy i. to corllprr. th.
evolution of th. diff.r.nt crrdlao rnd
vascular parafiatara durihq ahort arDoaura to

II - IIIEII.IL IUD UEIUgD :

- th. nain cardiac p6r.m€tarB aaa€raad ear. th.
l.ft ventricl. By!toIic .hd dir.tolic voIun.,
th€ cardi !c output ( CO) . th€ ho!rt rat., th.
16ft v€ntricl. diam.t.. shortening and th.
6j€ction fraction.
- 0n the p.riDh.rrI circulatlon, r. |nataua.d
the carotid and f6nor!1 flor (Q)' th. indic.!
of c6rebral and f€mor!l r€.i!tanc. (R).(! 10.)

c. N. t. s
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6ft.. ! Ionq€r d.l!y than for th. c!rdtrc orc..otrd p!r!,n.t6r.. on l6t th. f.hor!t ind.xras hi9h.r aftsr Landing than durlhg th. ft1ght
and r€mainod Bup€rior to th€ La!t inflight
val u€ du.ing !svoral d.y..
lhen ths a6t.onlut6 com€ back to th€ ona g
€nvrronm.nt th..e i3 a strong ftuid ,hift
tox6.d the tn!erior li.,nb.! th.r.for. one canexpect .n inc.€ase of th. varcuL.r resist!nca
on the inf.rior linb3 in ofd.! to oonp.n.at. apo8Bibl. hyDot.niion. ( 4) Ihi! ph.non.non i.(e1l ob8.rved on 16 rho ha! rto D.obt.m io strnd
up a lonq tim. o. rh€n doing. squ.t. up t.rt
( hypot€n8ron test). eB lhr qsalclry oD lt snd15, i,. noted thrt th€ f.moral. r.ri.tano. 1nd.i
after Ianding urr low.r thrn in flight.
IhiB xlB aasociated to the €rlatance of blqt.oubles to k..D th. stand up polttion or {h.n
doing the Bquate up t.st. Ftnaly th. fenor.I
.eaistancs tnd.x could b. con.idaaad as aI.ittns3B of the di!ad!ptstion of th. v..cuI.r
vas060lricity. co

fig
'I 23 a lt,

-10

-10

30

20

30
20

lo

3o

20

l0

30

2o

l0

6o

3o

30

2o
l0

lo
rt

lo
t*
6a

1

t\
to

-10
-zo

lLloSt POST

l2ta!az tis 2

.sz ,,1.

-10

3o

2o

lo

o

FLIGHI POST

(n

Tbe Physiologist, Vot.3l, No. l, Suppl., 1988

-t0

P8 E

1234567 Ii I 3 4Otf
f is 3

$r5

Eecaua€ of the 1!rg. individuat vart.tions ot
6.ch parlm.t€.s, it i! n.c.!.r.y to.xtond.uch
an expe.iment to a l,!rg.a numb.r of istronauta,
but ue h.v. to k€.p in miDd all the t.oubl.! se
have to f!c. noe!days to c.rry out .uch hunrn
intlisht sxp.ri m€nt.
Xor€ov.., tho 6tudy of th. 1.ft v.Dtrtcle
function and th€ poripher!t circul!tion rttt b.
compl€t€d by th. inv.sttg!tion of th. .lqht
he!rt, th€ d..p !rt.ri.1 circulction ( pulnon!ry
artory, .en!1 6rt..y, . . . ) .nd th. fotlor up of
ths mrin hoflnon. involv6d tn th. c!rdiovr.cular

iEjjrElll!
I -. rnSEtLLt ph,. rolclI t.. !!MI X,. .t .l
Irrror.rtoa of th. r.t.l ..!.!..1 blood rror b,dup1.r .loDDt.. - lln... ....y .y.r.. tn no...l.nd p.thologtcrt D..gll.6at... Ultr!.ocnd tnx.d. r Etol. 13, I.6, DD 32t-33t. t!!7.2 - lr, IOY! O. !U, .nd O.t, IOIBEXI.Ine..tig.ttonr of h..rt fu[.tlon ln long t.r.o.brt.l rttsht .. 6.!.!0tr.C by.choc.rdlotrrphtc..thod.. p.oc. tath ro.ttn;croup so.irtt.t count.l.. sDra. !tot. x.d. ussip. 3-9. r 985.
3 - EUNCO 8. t., CSttLlS J. !, th. hu..Dc.rdiovA.cal.. .y.t.D ln th. r!t.,ro. oag.ivlty. ( Ila - S5 - t!5) i9!5.4 - tuNoo. t{. 1., ct{ltlls, J. !., JO| iSOX, !.C,. Jn, C.r.[ov...ur.r .t..on.u!r6nlry dlrln!rp.c. flish! rn6 rh. u.. o! ..ttn. .. .count.rn.r.ur. ro o!tnor!.!l o lntol.!.no..rvr.tion, 3prc.. rn.t !.vtronr.nt.t l{.. cln. 55D. 9e5-990, 1985
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0. Eiken and H. BJurstedt

Departnent of Envi ronmenta'l lledicine
Karol i nska Institutet

I04 01 stockholm, sxeden

Several experiments planned for the coming
Shuttle/Spacelab flights will deal with physio-
logical responses to dynamic le9 exercise. one
factor that shou'ld be considered ,hen interpre-
ting such experinents is the role of reduced
blood flor in the yorklng nuscles rhich is to be
expected in the reightless condition. In ground-
based experiments, exercise performance is usu-
al ly assessed xith the subject conducting cycle
ergometry in the upright posture. In this condi-
tion the action of the nomal force of gravity
adds large hydrostatic columns to arterial pres-
sure rhich increases

'leg nusc les
perfus i on pressure in the
(Folkor et al. 1971). In theYOrkin

rei ght ess condltion, hoxever, gravitationil vec-
tors are non-exlstent, and muscle perfusion pres-
sure is consequently lo"er. This reductlon in
perfusion pressure rill probably lead to restric-
tion of the blood floi in the working nuscles
nhich, in turn, may influence the physiological
responses to exercise.

To facilitate the study of the influence of
reduced nuscle blood flor on cardiorespiratory
adJustrents to exercise, the perfusion pressure
ras further decreased in the present investi-
gation. This ras done by exposing the rorking
legs of supine subjects to a supra atmospheri c
pressure of 50 nn H9 (Leg Positive Pressure,
LPP).

l'lethods

The experimnts were conducted nith the sub-
Ject positioned supine in an opening to a pres-
sure chamber yith the legs inside the chamber.
Hem€tic sealing at the level of the crotch xas
acconplished by the use of a rubber diaphragm
xith tYo holes and short
the l egs. Shoulder supp
crani ad di spl acement of
of the pressure. Graded
ed on an electrical ly
Yith the axis of the p

he.rt.

The experinental protocols rere as follots:

In a first series of experinents 8 subJects
perforfled incremental-load cycllng xith and vith-
out LPP at 50 rn H9, The rork 'load ras lncreased
in steps of 30-50 I every 4 min untll the point
of exhaustion. HR. SAP, I,, P..Co^, t0. and blood
lactate concentration rdre'riea6ured'durlng the
'last min at every rork load.

In a second series of experinents ft'
dnd blood lactate concentratlon were me

duri ng constant- load cyc l l ng at 120 I
te porary application of LPP during a
period.

Resul ts

kulSa
ri th

5 min

Ilrr*ntal-loid ereirise: llork capacity ras
markedly inpdired bJ LPP, the peak load }hat
could be attained in this condition (mean:SE=

141:[ lt) being only 51 I of control peak load
(235:13 ll). Exposure to LPP augnented the exer-
cise responses for HR and SAP, the dlfference
betreen LPP and control values amounting to 13X
for HR and I9X for SAP at LPP peak load (Fig. 1).
At all rork'loads, LPP induced a greater exercise
Vr than in the control condition r.ith h'igher
yentilatory equivalent for 0, and lorer P.rCo,
values than during control exercise. ExefdisE
values for blood 'lactate concentration rere
increased by LPP, rith a 55 I higher lactate
concentration at LPP peak load.

EFFECTS OF LEG POSITIVE PRESSURE OiI

CARDI O-RESP I RATORY AOJUSTMEIITS
T0 DYtlAlllC LEG EXERCISE

I
1

Constant-Ioad ererclse: As Shoxn in Fi9. 2
tefiporary application of LPP induced increases in
{r and blood lactate concentration and d drop in
P:.Co". A sudden release of LPP induced a rapid
rEll zin t, and an imediate and sustai;ed
elevation 6f Prrco, in spite of a concomitant
increase in the bloo! lactdte concentration.

sel f-seal i n9 sleeves for
orts rere used to prevent
the body upon appl lcation
leg exercise ras perform-
braked cycle ergometer,
edals at the level of the

Discussion

The present results shoy that exercise per-
fonnance during supine dynanic leg exercise uas
severely inpaired by an experinentally induced
reduction of the nuscle perfusion pressure, and
that this inpairment occurred in spite of an ex-
aggerated pressor response, rhich to a large ex-
tent counteracted the LPP-induced drop in muscle
perfusion pressure. Thus, it seens that muscle
perfusion pressure is critical for rork perfonF
ance during supi ne cycling,

That the exercise-induced increases in SAp and
HR rrere exaggerated xhen nuscle blood floy ras
restricted by LPP may be explained by increased
activation of muscle chemoreflexes by accumu-
lation of metabolites. The increased pressor re-
sponse xou'ld then act to reduce the existing
blood-flor error (cf. I'li tche'l'l ! Schmidt 1983),

Exercise-induced responses of the pulmonary
ventilation iere markedly exaggerated by LPP. In
part, this effect is attrlbutable to a hunorally
nediated increase in respiratory drive resulting
fron the increased rate of lactate fonnation
consequent to LPP-induced restriction of muscle
blood flox. Hoxever, Fig. 2 shows that a sudden
release of LPP during constant load pedaling
induced a prompt and rapid fall in fr and an
increase in P--Co^ in sDite of a 'marked,
sustained incrEAsez in th; blood lactate level.

Heart rate (HR), breath- by- breath inspiratory
minute ventilation (Y,) and end-tidal PCo^
(P.,COr) yere recorded uslng standard techniques:
Syltollc arterial pressure (SAP) yas neasured by
the auscul tatory method from a brachial artery.
Oxygen uptake (YOo) ras detemined using the
Dougl as bag technlque, b'lood I actate con-
centration ras detemined in samples dravn from a

fi ngerti p.
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This finding strongly suggest that muscle chemo-
sensors play an important role in the development
of exercise hyperpnea in condltlons of flor-re-
stricted exerci se.
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Fjl:_ll. Effects of tenporarily (5 min) apptied
LPP at 50 m H9 on inspired minute venfil.tion(I, ), blood lactate concentration, and end-tltal
PCo, (PErcor) during suplne, constant-load
pedtl i n9' ' at'120 I. Initial values represent data
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Fig. 1, Comparisons (from above doynlards) ofheart -rate (HR), systo'lic arteridl pressure
(SAP), inspired minute ventilation (V.) a;d b'lood'lactate concentration at supine rest and during
supine erercise in the contro'l and in the Lpi
conditions. . l{ork loads are given in per cent of
the peakload attained in the- control condition
Ii!! !L 9-v representins o, ?3, 48, 61, 87 and
1001 of this toad and Ii i indicating thehighest load that could be managed in tie [pi
condi ti on. rp<o.05, **p<0.01, *r*p<d.001.
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Eii'l.ECT 0I' ACUTEITY EXPoSURING T0 40 mm Hg

IBNP ON CARDIOVASCULAR RESPONSES NURING
REST AND MILD EXERCISE AFTER 6 hTS REST
in l' uEAl Do[N Trl,TtNG (HDT)

-iects were Lilted at 5"head down for 6 hr3
ihereafter, they were acutely exposed to
40 mm Hg LBNP in the HDI untile breaking
svnoathEtic control. Immedi.ately after re-
a'ching the intolerance of sympalhetic con-
to1. ; mjlo peadlling exercise (about 40
ro VO2max) wai performed for a 15 oinutes
oerioa. 'itre criterions of determinlng the
intolerance of sJmpathetic control agaj'nst
LBNP in the present study were the same as
tte N-qSl criierions except for arterlal
Dressures. That is, the criterions of the
o."ssrr"" v,,ere that uelow 90 mm Hg systo-
ii" pressrre and/or below 20 mm Hg pulse
o""=iure were continuously recorded two
iimes, During the expcriments, V02 was de-
termined by i metabolj-c analyzing system
which was consisted of mass-spectrometer,
Eas flowmeter. and compurer. EKG and HR

iere contj.nuously obseived :y a ijKG moni-
tor. Arterjal bl.ood pressure in the I'et t
LDrer arm was measured by the ausculation
mEinol. caroiac output (C0) was measure by
means of a the tv len rebreath-Lng me thod .
F()re-arr. blccd- flow (FBF) ln the right arm
was measured tJy l{hytneJts mer:ury rubber
s!rangauge plethJsmogradh (:)' The experr-
mental piot-ocol was shown in chang.ir)g time
courses of the measurements in Fig. l,

J

+ Lab. of Hur0an Physiol' ' Tokyo womanrs
Christian Univ., Sugirami-ku' Toky o 'JaDan 167, ++ Tsurumi Unjv., +++ Rikkyo
StJ,larguerlte Womants Col1ege, ++++ Bunka
homan'-s Lniv., +++++Lao. Health Adminrst-
ration. Facultv of Med-cj-ne' Univ. of
Tokyo, Hongo' tunkyo-ku, TokJo' Japan I1f

To investigate the tolerance of sympathe-
tic control to 40 mm Hg LBNP acutelly ex-
posed after b hrs bed rest aL head dor'rn
iirrine (Hur) and the eff.ct of mild pe-
dallina (do io vo2max) on restorind car-
diovasaular functiona broken' 6 female
students participated as subiects. fhe
tolerance was determined by the crlte-
rions gilen in the study. The averaged
to1era5le time was 10 mln', which was 1i-
ttle shorter tha! it giver, by NASA pro-
cedure (12 mj-n.). At the lntolerance po-
int, VO. and iore-arm blood flow did iot
change, but pulse pressure was suddenly
fallen vjlth strikinslJ decreasing SAP and
llR from the peak values during 1,8N,. But
exercis.inE brought the pressur to reatore
over the control l-evels and further the
normal exercising levels in tBliP, altho-
ueh I{R increased and Sv, TPR' PBC dec-
rEased. LBNP tolerance might t'e due to
d"creasing sympathetic control, but it
should be-restored by 1j-ght exercise'

".1

",1

""""'-i'1'-r

Flg.l
.Experimentaf
protocof and
one case of
Changing time
courses of
card iov as cular
re sponse s .

oxJgen up take
( vo2 ) , fore-
arm blcod flow
(rBF), heart
rate (HB), sy-
tolic pre ssure
(SAP), dias to-
ric Dressure
(DAP), and st-
roke -r rrl.lrme (
sv)

il]

I

In the previous studies (1 ), cardiovascu-
1ir functions j-n woman were broke! the sy-
i".ti "ii"-"o.trol 

by average 44 mm Hg I'BNP

ai tt" IANP was gradually loaded gJ neans
oi lr"sl o"o""our6 after o hrs bed rest at
i' iiu"a-'aorn tiltlns (HDT), although the
iolerable LBNI could be above - 50 mlr rig
;;-;;;;;;';a io rBIr P arter '15 min' rest in
ile-i',ioine position. The tolerance tine
r,v'ji a"'p"ra in lean body mass as v'/ell as
maximum oxJgen uptake.' irrii'itro"r-i" t'herefore concerned wi-th
tiu-ioierai:"" of sympathetic control to LB

llp-in-"or.n as a 4b mm HE LBNP was a-cutel-
ii ;;r;;;;".f;"' o-i,"" oEo rest in 5'HDr,
l""r- i'ne efrect of mild pedalling exercise
on-reitoring the sJopathetic control bro-
["n-iit"" rEacrring the intoferance of the
cardiovascular functions'

In the control study' exposing LBNP was

.cco"dance with NASA procedure following
ini. ana as per.forming pedalling exercis
ioi'rl *in., LBNP was released at l0 min
po j-Dt.

e

Results and Discussion

Showin,{ in Fl'g.2, the averaged tolerable
rime of 10 minutes against acutety Loaoeo
irli ,i" not signifiaant difference from
iit"-r1-*i""t." [iven ty the control study,
ifihouen the tolerable presaure of LBNP

in the control Nas -44 mm Hg in average'

Me thods

Fig. 2
Tolerable ti.me
agaiDst acute-
1y exposing to
40 mm Hg IBNP'
and re spe cive
aEainst gradu-
ally exposing
to l,BN? (ave-
rage t,)fe rable
LINP; -i.4mm Hg)

six heal-thv female students parr'ic-lpaled.
.I-in"- 

"irO"u 
as subjects. Mean age' height'

we ieili, - 
ana" vo2max were 2r'7 years old'

iao-"r. lf.f Ks, and 42.78 mt/kg,/min' re-

""""iii"iv. Afier r5 mln. supj'ne rest in
a'LBNP boi: with a bicycle ergometer' suo-

916
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ln Fig.J, the ave.rage,l (1SE) charging va-
lues from the levels gj.ven durj.ng supine
rest in cardiovascular responses are shown
in th€ two experinental conditions. At 6
hrs poirt during HDT, tiere vjere not diff-
erent from the resting values ilr V02 and
ilE in the both corditlons, but SAP and nA?
were slightly increased and FBf was de-
creased. At intolerance point against LBNp
in each condtion, VO2 was not different
from tl-e resting 1evel and IBI decreased,
but Hi and DAP were significantly increa-
sed and pulse pressure (IP) and SAP were
decreased, Despite of s)'torter tolerable
time in acutely exposing condition tl-ar: in
the control the chan8j.ng vafues oi pp, SAp,
HR, and FlF were greater in the control,
s1ight1y, whj"le the changing nAP given at
the intoleratle point vras not different in
the two conditions.

t':< 1! el

L+-r----.

value s
tted at ti

HDT and
oleran (:e
nt against

to-
PT
vo-

n to
ese
pa-
e-

Fig. 4
-gxercj-sing
effect on llR,
mean arte rial
pres sure (MAP) ,
fore-arm v ol rune
conductan ce ( FV
C), and VO2
altered at in-
tolerance aga-
inst IJBNP af-
ter 6 hrs HnT.

Values; delta
values, and
mean+SE of all
sub jEcts .

ric. 5
Effect of LBNP
on card i ovas cu-
1ar re spon se s
during mild ex-
ercise.

Values; ratio
against the va-
lues given at
10 min. during
exerclse, mean
+sE of all sub-
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r0' 15'
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or 4

tiotr
l0' 15

ETERCISF

I

rig.l
Char,ged valu€ s
il] V02, HR, r'B
I', DAP, SAP,
PP fron the
leveLs g.ivel,]
durirB supj-ne
rest ,

the releasing or the non-releasing against
the values given at 10 min. in exercise.
By releasi.nS LBNP, HR increased and etroke
volure (SV ), total peripheral resistance(T
PR), and FVC were decreased, while mean
arterial pressu.re (lv,AP), CL, and VC2 were
not changed. These facts suggest that in
order to maintain arterj-al pressure and
C0 with the ob;ect of keeping V02 level
during exercise, TRR was decreased by in-
creasing peripheral conductance and ll.R was
lncreased with decreasj,ng SV by LBNP sti-
mufation.

fhe
p1o
hrs
int
poi

-a
lil,o

LBIi! were mean
+SE of sub j€ c-
ts ir each
condi tion.

'"')l
.',. 1

:::f

;I
these results shown j,n Fig, 1, and 2, su-
ggest that the tolerance agaj-nst l,BNp 10-
aded should be broken bJ decreasing sym-
pahtetic cortrol to cardiovascular func-
tj-ons, because desplte of mairta.ining a
higher DAP, SAI and HR were rapidly fallen
from the peak values given during LBNP and

'.[
,""I *.dl

'-l
t

thus ?P was suddenly lowered to ihe
leracle level. As assunj-ng, the fal
oay be due to decreasint central Lrl
lune and thus become less of adapta
baroreceptor actj-vity . According to
facts, IBNP tolerance reJated with
thetic control is probabl-y broken b
creasing central blood volune with

,. 
""r "il:l'"r':'Tiil toru"un"u asairst LBNp

should be due to the decreaseC syupathetic
control to cardiovascular functions. Espe-
cially, by failj-ng to ma.intain SAP and HR
with decreasing baxoreceptor activj-ty, PP
.is suddenly fallen until intolerable level
for I,BNP. However, the decreased or broken
sympathetic control might be restored to
normal leve1 bJ muscle contraction with a
light pedalling exercise ard further to
the normal gxercise 1eve1. That is, to ha-
ve and maintain blood pressure adjusted toexercise, baroreceptor activity maybe in-
crease in HR wjth decreasing SV and dec-
rease in TPR and FVC in LBN? condition.
Referen ce

in
1ed
ood
tio
th

sym
Jd

bining the both of the intensity of and
the exposing l-enght to LBNP given.
0n toL other hand, cardiovascular respon-

s€s at I0 min. durinF exerclse were rapid-
lJ restored with inc;easing V02 as sho-wn
in fiB.4. As comparj.ng with the values gi-
ven at the irtcferance point against IBN?in flDT, VO2, Hn, oeaD arrurial pressure
(MAI), and fore-arm v:1ume condictance(pV
C) given ar 10 min. during exercise were
about 400 ?:r, 15a %, ).2 %, arld. 10 % higher,
respec+-ive1y. The j.ncrease in cardiovts-cular responses due to exercise means thata ljght exercise made symlathetic contro-Lbroken by IBNP stimulation restore to thenormal Level even in lBNp condition. How_ever, the LBNP stj-mulation brought to in-crease HR and FVC during exerciie to oain_tain MAP, as observed wnen l,BNp was relea_sed on the i,vay of exercise.
-.In Fig. 5, the influence of releaslng lB
II- ?: - "":9i9y"scular responses during"eiercis. vras shown b, changj"ng ratios ;fter
Thc Phyliotogb! vol. 31, No. l, Suppt., l9E8

1 Torikoshi, S., et al, Effect of lean
bodymass and aerobic power on LBN
P tolerance in woman, physiolo-
gist, V01.lO, NoI, Suppt-,, z!,
1987

Whitney, R.J., fhe ,ieasurement of vo-
fume-changes in hunan fimbs, J,Physiol., London t2ltl, 7953
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J. hAL,rIir,+. s. ToRII(o
F,. rNazAYrA++. K. lTcH

^_.--_,:+++++ar,O I. SUZUK.t

nFFsCT OF STATIC HAID-GRU C0t\TRLoTIot\
(HUC) ON CARLIUVASCIJLAR RESPONST,S TU
CHAI.TOILO 1l HITRI SIAIIC PR SSIJR, lli *olriAl\

HGC in severaL hydrostatic pressure condi-
tions vrhere wiil be altered by water in-
mersion procedure in the upright position,

Ivle thods ;

Six femafe studenta perticipated to the
present study as subiects. Thej.r averaged
age, body height, body weight, and naxlEuD
V02 were 22 year old, f6] cm, 5J Kg, ar,d
42 nl/kg/nin, resp€ctive1y. These values
were included j.n Japanese standard values
of the same age woman. The subjects were
j-nformed the ai-m and details in the prese-
r]t experimerts, after taklng a light bre-
akiast at over two hours before experlmeDl
TheD, theJ clothed in g/im-suit and rest-
ed r'or 15 min. at each given condition of
five kinds of water imnersisn 1eve1 (l{I],)
in the upri8ht position. After each rest-
ing a sustainEd HGC of 1t % MVC intensity
was perforrned for 5 mln. period. lliIl iD
a bathtuL with a fI C water tenperature in
2A -17 C room tenperature regulated were
as foLlows ; apillary-lJl],, diaphratm-Wll,
os ilium-i'/11, patella-IJIL, and norr-WIL.
Ihere were two upright posltions in expe-
rimental condj-tj.ons. one was the standing
with the legs on thc ffoor of the bath (St
P), arrd other one was the upribht positioD
with freeing legs from the floor(Up-FlP)
wh.ich ,r,/as made by using a saddle chair so
that floatj.ng the 1egs, As compared, the
experiemnts trith the same protocofs and
m€asurementa rere alio performed 1n the su-
pine posltion. Through experimerrts, V02
was measured !.' a metabolic analysing sys-
tem vJhich was conslsted of a mass-spectro-
metcr, gas ffow-meter and computer. ijKo
ar,d HF. w€re continuouslJ obserled cr th!
\.Lsual face of iKG monitor and th€l. reco-
rded. Arterial blood preasure ilr 'i,, left
upper arn was measured bJ the ausculatj-on
miinoa. rore-arm blood ilow (r'Li') uas a1-
so measured j-n the left fore-arm LJ lir,-ens
c.l nhytneyts mercury rubber strail,Li,uB.-'
plethysmoErapll after measurir,t the blood
pressure, CU lras determj-ned tJ means of
athetylen rebreathinh methcd llith the mass
- spe ct rome ter .

++5t11 . I!. I Ul1,t)LAIlA
, I. IUIIA)E

+r Lab. of Ihlsicar r,ducation' Dunka
r,6man,s Lniv.-, f-Z:-1, \olobi, Shibuya-k-'
io'[ro, ,lupun i51, **; rokyo r'omar'rs chri-
s tian tlniv . . +++ : lsuru!]i i..rI.iv . ' ++++ I

Ri.kkyo S!. I!,a16urite '{onranrs CoIleEe'
****-*: "ao. of-HeaIth Adon.ixistrar-ion,
faculiy of Medicir.e' Univ. o-t TokJo, 

'-'l-i. ioir"o, ounkyo-ku, TokYc, Japan 1f'

1o investigate the cardioYascular res-
Donses to changing hydrostatic pressu-
ie d,rr.j-n5 rest ano HGC in the upright
position; o female studtnts were parti-
crpated as suoiects. The pressure was
aliered with v.ater immersion(Ili) in a
water bath with J1 C' 5 different wlls
xere api11ary, d.i.aphragm, os iliun' pate-
1La. aid non lvater po.ints' Through expe-
riments. mean arterial pressure (MAP)'HR'
VO2. cardiac output' and fore-arm blood
f1o; (IbF) were measured. During HiC wi-
th 15 h MVC, HR, ItiAP' and FBF at zero
hvdrostatic situation aSsuned by diaph-
riem-hlL were higher ln the standing po-
siiion than 1n the upright position lvi-
th floating legs. when changing in t!/I],
the degree of [ydfostatic pressure inf-
luenced so that MAP, HR, and total peri-
pheral resistance was gradually increased
ind stroke voLwne decreased with 1!crea-
sinE the pressure' and in special these
rEs;onses ltere more sj'gnificant at pate-
1la:vJlL and non t,l/IL in the standi-ng. So'
the cardiovascu]ar responseE to hydros-
tatic DresBure should be affected by a
nuecle'actlvitv and cet,rral blood volume'

In the previous s tudy (Ibfer), a Lidht -El I(about 20 mn hE) given oy a pressur. ti-
tshts blouBht to increase verrous !E turr.
iu.sested-oy stroke volume (Sv), tut mean
arterial pressure (lv,rP) was maintained al-
most the same leve1 as it ,ritr,out the ti-
Ehts during exercise, while heart rat"(HR)
was decreased \i/ith a little bit Io'xer car-
diac output (C0) in the tj.ghts. Thelr'
it was cansidered that the malntained I!,AF

should be controled by synpathetic reac-
tion due to baro-receptor activitJ adiu-
stina to exercise and LiJIIT as increasjng
in v6nous return and/or central olood vo-
lume with strenBthing muscle pump in the
effect of the tights. According to the
discussion, the increase in cetrtral venous
,."iar." and/or cenrral blood volume v'i'th
increasin* venous return nay be correlat-
ed with btro-receptor activity to mal'nta-Ln
the controled IIAP during muscle contrac-
iion. Because venous return and thus cen-
irii'trooa volume are strongly related.'
,iii, r,ra.ostatic pressure In hemodynamic

"nnitoi svst"m. therefor, there is inte-
;;;;;; i; the'relationship between arte-'
rial blood pressure and venous retrurn \Jv'/
ii-ir." - 

"i"oior.sc 
ular responaes during

Ir, Iid.1, I'.AF(= (systolic arterial pr, s-
sure(S,qt) - diastoric arterj-a.l prLssr.t!(D
AP)) / 1+ DAF ), v02, and H.R which were
averaged j-n tire subjects wcre shown by
comparing between rest and HGC, and bet-
ween three dlfferent conditions of zero
hydrostatlc pressure sit,uaijon. That is'

it. sults

'Eht lxt ]!t
jilltuitrlt
jlxlffifit

Fig.l
Averaged IvrAP,
VOz, ald HR
during rest
and HoC at
two diaphra-
gm-,tI],s i! St
P and Up-FL? 'and ln the
supine po si-
tion.

s- 18

ddr?i O.drti
!.-c rra rr-i

Values; mean
+SD in slx
3ub je cts ,



oiaphragm-rII is phys.iologicall) defined aszero hydrostatj-c pressure situation in the
hemodlnamic system as wel] as it in the su-pine position. Durj.ng rest, llR was sj.milarwlth each other.in the three ccnditions,but V02 and MAp were 1itt1e fower in Stpand Up-FLP---than in the supine position.Du-ring HGC, HR wa; tittle dEcreaied in U!_F!P below resting level and increased in'Stpbut Lts dlfference was not shown in thesupine positlon. At that time, V02 r./as 1i_ttle increased in Up-Ftp and srmi-tar iorhe.resting fevel j.n Stp. Al.so, MAp wass:.mItar to the resting it in Up_FLp but inrne other- conditions little hiiher.
.In r]'6.2, -lso, rhe avcraged Sl., FJF, andtotal peripheral resistance (Tfn = t,,qli Crj-were compared oetweelj rest and HL;C, anl b6_tween the three conditlons. l"rin!'reii,--

-rllD- Et x'r 
-xac

illt lxl {il
.i lnilctf,ijltfitlir

o.,'.oi o.,r.gi

"-n'n.* n*' s!'n

SV was ltttle 1c\,/er in U!-
other conditions, atsI \ras
both St! and Li!-IlI but ai
er in the supine positioI]
er. ald TiF. was lo,rer in :

th StP and Up-Fl,P, but the increment be
oe higher with lowering dI], during HGC

ca-
AS
waswefl

bitihe
than
ID F

_l

Di.scussion

as 1
rat
ln U
iE4

t durirg rest, and further j.t
pate I la-l.{IL and non-water in

!-FLP.
, also the averaged MA? atd SV

changed were shown as well as in Fig. ,

1,..

Fig.4
Averaged MAP,
and SV change d
from the dia-
phragm-Wll 1e-
ve 1s during
rest and HGC
in all of oth-
er WILS in St?
and Up-fLP,
respectively,

Values; mean +
SD in all sub-
jects.

Ir

fiE.2
Averaged SV, I
.tsF, and TFR
during rest ar,d
HdC at two di a-
phraem- lN ILs in
StI and Up-Ftp,
and in the su-
pine position, I

riP t
simil
out l
than
tI. A

res t
n up-

was
elow
on, h
e oth
e tha

Value€; mear) +
SD in six Suo: ,

jects.

han .in the
ar in the
t0 % hish-
in the oth-
s comparirrg
, SV was
FLP, whi 1e
s lightly
the re s ting
owever it
er c ondi ti-
n the rest-
o each oth-

d HR changed from
agm-tl/ll durin8
StP anC Up-!'rP,
to the 1evel at

reased during

Averaged V02,
and ILI changed
from the d iaph-
ragn',ri 1L le! -.lsduring rest and
H(;C in all of
other h/ILs in
StP, and Up-FL
P, re spe ctive-
1y.

Va1
SD
jec

s; m3an+
at1 su5-

FBI was gj-ven the pea
and HGC at diaphragm-
in Up-Il,P, and furthe
against the peak was
the two conditlons.

ifferent be tween

SV during the t'oth rest and HcC waa given
the peak vafue at dj-aphragm-WIl in StP and
alsc in lJp-FLI, and the changine manner
was similar in the two colditlons, while

was 1o!,Jer
increased

and HGC in
patel.1a-

r during the

L, but
nging
i.tions.
g rest
C a1s o
g degre e

during HGC the d?crenent in SV
an Up-FLP than 1n StP. MAP was
\dlth lowering l{Il, during rest
StP and also ln Up-FLP, but at
WII and non-water it was highe
bota rest and HGC rn Up-IIP th
TPR was increased with lowerin

k va1
I,/ll i.
r the
not d

there was not different in the
degree between StP and Up-Fl,P

cwr
cha

cond
ue durin
n StP an

changin

to the levels given during
litt1e higher during HGC i
in the other conditions it
1ower. FBtr' was decreased b
1evel. in the supj.ne positi
was rather increased in th
ons. tPR was i.ncreased mor
ing leveL in St?, but simi
er conditionsrvalues.

In the two upright positions, cardiovas-
cular respoDses during rest were not siu-
Dificantly dj-fferent at diaphragm-WIL j.n
spite of the slight difference, although
MAP and IBf were lower at the WII than in
the supine positj.on. 0n the other hand,
during HoC, HR, MAP, and FBF were higher
in StP than in Up-Fl,P, These differences
are probably due to the 1eve1 of sympathe-
tic activity to keep HGC and the body po-
sition, because litt1e higher FBF and TpR
with increasing MAP during HGC and due to
diffe ren
to be re
physj.olo

When ch
pre s sure

odJ posj.tions were shown 1j-ke1y
ed with each other despite of
a1ly zero hJdrostatlc pressure,
ing j.n WIL and thus hydrcstatic
ne cardiovascular responses areexactly influenced by the degree of thepressure. In fact, the influenc was shownin the increased Mtp, HR, and TIR and the

deereased SV wlth Lowering WIl. In speci_a1, these responses were mu;h clearli sho_wn in SrP. That is, ar patella-\r/Il a"na nonrl/lL lvlAP and HR increased and SV decreasedwere,,respectivelJ more 6reat during restand Hf,C in Stp than in up_Flp. In ionclu_sron, Lhe cardiovascular responses to thelevels of hydrostatlc pressuie should bearrected by nuscle activj.ty with HGC and
:ylpgltinc. the position and also uy 

"rriiie_rng rn central blood volune assur.-d by SV.
Reference; J-Nagano, et al,, Effect of LBpr,...., .t,nysr.o-Logist,l0_1, Supp1.,199?

In I'ig.l, averaged Vc2 an
the values given at diaphr
re6t ard liGC 'rere showx in
respectlvelJ. As comparing
diaphragm-' IL, VO2 was j-nc

!le
in
tS%"

M:P*
tb
1at
glc
a\g

+

!

I
rest at each other WIT, in Stp, but it wasinverseLy decreased i!] Up-FLp, while it
was -similarly cha:tged during HGC in the twoconditions except for the ctse of axilla_',{1r.._llR was significantly increased at ea_ch wII against at diaphrlgm_Wff in t[" OJ_
Thc Physiolotist, Vot. 31, No. I, Suppl., t988
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It has been suSgested that spinal cord transc-
tion could be used as a nodel for stud),ing the Ctyg
iological effects of reightlessness. This hypoth-
esis is tested in the present study by co,nparing
the effects of spinal cord injury and head-doEn
tilt (HDT) on body fluid shifts. A study on healthy
men and nen suffering fron trau,nati.c spinal cord
injury using a radioisotope technique showed that
in the stable phase after spinal cord injury there
is an increase of the interstitial space. Using an
electric iBpedance technique in anothe! study it
l{as found that the ratio Zl.5/2150, which is an in-
dex of the relative size of the interstitial space,
is decreased. A decrease in this ratio indicates an
increased interstitial space. Thus, the radioiso-
tope and the electric ihpedance technique give re-
sults {hich can be given the consistent interpreta-
tion that the interstitial space is increased after
spinal cord injury. In the HDT experinent heasure-
hents by electric impedance indicated a decrease in
interstitial space volurne. These findinSs strongly
suggest that body fluid distribution afte! spj.nal
cord injury and HDT change in opposite directions.

BODY FLUID SHIFTS IN SPINAL CORD TRANSECTION AND

SIMULATED MICROGRAV]TY

Spinal cord transection has been suggested as
a possible model for studying the physiological ef-
fects of weightlessnessu. This sugSestion is proba-
bly rooted in the fact that persons suffering fion
traunatic spinal cord injury present several phys-
iological alterationsl which are sinilar to those
observed duiing space fli.ght or sinulated gravity.
One of these alterations is the change in the dis-
tribution of body fluidss'9. lt is not clear,
ever, ruhether the change in the distribution o

body fluids in spinal cold injuiy and in weigh
lessness is the sane in both circu,nstances '

deternined using ladio sulfate (Na3ssoa), plasDa
volune (Pv) uras deterrnined using p5 I-HsA. Red
cell volune (RCV) was determined using )1Cr la-
beled autologous red cells. Radioassay for gaerna
radiati.on lras acconpllshed by pulse-height anal)sis
in a Packard Auto-GarBra InstTutnent. Beta radiation
was assayed by liquid scintillation in a Packard
Liquid Scintillator. The dilution principle-was
used in each case to estinate fluid volumesr.

Electric impedance ,neasurenents of the l{hole
body ljere done at the two frequencies of 1.5 kHz
(21.5) and f50 kHz (2150) using an input signal of
100uA, Tie recoiding instrunent utilized llas devel-
oped in the Department of Medical Engineering_of
the XaroI inska Inst itutet, Stockholm, Sweden l0 .

The power source of the instrurnent uas optically
isolated fron the subject. A tetrapolar technique
was enployed. Input spot electrodes were placed in
the paln of the left hand and the instep of the
right foot. Detector electrodes were placed in the
inner surface of the left wrist at the carpal-
metacarpal line and on the anterior surface of the
right ankle at the line joining the extemal and
internal nalleoli. Readings of inpedance (in ohes)
{ere taken directly from the instrunent panel. Sudl
measurements Bere taken after the subject had been
resting in the supj.ne position for at least one
hour. In the HDT experinent the readings were takql
irDediately after assuning the HDT position every
15 min. up to 6 hrs. and lhe plateau of the curves
thus obtained was used as the stable inpedance
reading.

Three experinents are leported. The first
consists of a conparison of body fluid heasurelcnts
in healthy and quadriplegic subjects using the
radioisotope technique. TIe second conpares elec-
tric inpedance oeasurements in healthy and quadrj.-
plegic subjects for the purpose of relatinS theD
to the radioisotope neasurenents. The third re-
ports the results of the HDT experiment on healthy
subjecl s for the purpose of comparing electric irn-
pedance chanSes between healthy and quadriplegic
subj ects .

Results

1. Radioisotopic neasurenentsl,2. The mean
and st.rndard deviation of a8e, height, and ueiSht
and standard veiSht of 12 healthy tnen and 23
quadliplegic nen are shoen in table 1. The mean
and standard deviation of TBI{, EC}J, radio EClv/TBw,
PV and RCV are given in table 2.

l rl. l. rdrclA.e. sr{r.
rr..rrrl..t ..ll-t.. o.!ur .r. -N..1 .

how
f

The purpose of the research here reported vas:
t) to cornpaie a non_invasive technique of assessing
Uoa, ftr.rli shifts sith the radioi sotopic technique
and 2) to study and conpare the body fluid shifts
in the spinal iord injured (sCI) person xith those

obs"rved'in healthy subjects submitted to head-down

til t (HDT) .

Methods

the tro techniques for assessing body fluid
shifts utilized in this study {ere the radioisoto-
;;;';;tih; electric imPedance techniques Total

i.a"-*","t (TBI) determinations r'rere nade using

i"iir*'"irii- firo). Extracel'lular water (Ecw) was
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2. Electric lEpedance Measurernents4. The nean
standald deviation of age, weight, height and stan-
dard weight of 20 healthy and 20 quadriplegic men
are given in table 3. The ratio (21.5,/2150) of the
inpedance &easurenents is also given in this table.

t!r. t. Lrd.-. s.'ir. r..r..r-..L a.o ..a tra&. '..r. .a
!..r.t, rd tdrrrr.rrc rltcE. IY.l,.. .F rd .
.r..rr ,or !t '.ti. ar.l rr III.,.

3. Head-down tilt study. The HDT experieent i{as
conducted on 6 healthy nen. Ihe mean and standard
deviation of age, ,eight, height and standard
weight of the group is given in table 4. The last
tvo colunns of this table show the initial and the
plateau values of the inpedance ,neasurenents (ratio
21.5/zlso).

results it nust be concluded that the alteration in
fluid distr:ibution that follows spinal cord injury
is not the sallre as the change in fluid distribution
that follovs HDT, It should be pointed out, hor-
ever, that in the case of the quadriplegic nen the
situation was a chlonic one, {hereas in the case
of lhe healthy nen it llras acute. Inpedance measure-
ments perforaed iDnediately after spinal cord in-
jury riould provide a nor:e appropriate basj.s for
cohparison and possibly a bette! understanding of
the dynanics of body fluid changes.
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Di s cuss ion

The radioisotope studies sho$ that the ratio
ECli/TBll uas higher in quadriplegic than in healthy
subjects. The extracellular space is then abnormal-
ly increased after spinal cord injuiy, Table 2
shors also that quadriplegic patients had plasma
volunes lower than those in healthy subjects. This
leads to the conclusion that the space i{hich is
increased j.s the interstitial space.

The electric iupedance studies shol{ that the
ratio 21.5/ZlS0 was lower in quadriplegic than in
healthy men. A lower ratio suggests a larger inter-
stitial space). Since ihpedance ,neas\rrements are
inversely related to fluid volures and the iEped-
ance technique uti.li.zed does not neasure fluids in
b1ood, bladder or the intestines,7,l0 a loner ratio
indicates an inclease in interstitial space. Thus,
radioisotope and electrical iapedance neasurenents
are consistent in suggesting that the interstitial
space of nen suffering from traurnatic spinal cord
injury is incleased.

The HDT expeiinent shoved a consiStent pattem
in a1l subjects. The ratio 21.5/2f50 increased
nonotonically irith tine tending to an asyrltotic
va1ue, practlcally ,eaching a plateau 2 1/2 houts
after in the HDT position. The nean increase in the
ratio after sir hours in HDT was appaoxinately
3.6%. Thus, this study shovs that in the stable
phase followinS spinal cord injury the istio
Zl,5/2150 is decreased suggesting a relative in-
crease in the extracellular space. This iesult is
consistent l.ith neasurenents of the Ecl{/TBl{ ratio
obtained with radioisotopes. The HDT experinent on
healthy subjects shor{s on the contrary, that there
was an increase in the 21.S/Zlsu suggesting a
relative reduction of the extrdcelltriar spice, and
nore concretely, the intelstitial space. From these
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THE STUDY OP BARORECEPTOR REFLEX
FUNCTION BEFORE AND AFTER BED REST

shen xianyun, sun Yazhi, xiang Oiulu.
Meng Jingrui, Xu Lihua, Yan Xiaoxia,
Yu Hefeng, zhuang xiangchang

Inst itute of Space Med ico- Engineer ing
Beij ing, China

In order to irvestj.gate ttE nEclEnisn
of ttE lo"erlng of orttEstatic to.Lerance (G'f)
after ereosure to Leightlessness (WL), ttE
chanps of baroleceptor reflex function (BRF)
of ttE t$,o groups, 2' head.dofir group (n=?)
ard sit-r.{) grorp (n=7), r€le studied befole
ard after the bed rest (BR). ltE otr)en-1oop
gain (G) uas calcu-lated durjng ttE tEnd-up
tilt (HUI) ard HUI plus LBNP (-5333 Pa) before
ard afte! BR. 'ItE freq-Ency slEctnrn changes
of R-R intervals (RI) \^e!e also cc(pared during
rpck positive pressure ard LBNP bet\ieen tt€
tlro group€. TtE result x,as that the changes
of c and RI and loliering of osT $ere diJferent
betlAeen tlE t}r! grolps after BR. thus it ir-
dicated that ttE declination of BRF, which
probably resulted frqn the clla ge of filttction
state of CNS, \dias one of the iJrportant causes
req)onsible for the lo\^ering of CSI after WL

or siJrr .Iated WL.

TtE tlEchani-snE of orthostatic irtolerance
(OSI) after WL have been stldied by trEny authors,
but ttE er.act biological nechanisrlE lEve not been
establislEd [1]. We clDsider that ttE state of
stirulation of baroreceptor may be ctEnged, if
the cordit ions of lack or decreaEe of }l]tllrostat ic
plessure and tlE cepha-Iad redistribution of irtra-
\rascufar fluid during UL or SliL are ftBirtahed
for a considelably long tijre, ard ttlat ttE dEnges
of the BRP rEy occlrr ard cause GI. So ttE pur_
poses of this palEr !€re: 1) to observe trE cbnge
of BRf before ard after BRi 2) to strdy ttp recha-
nism of os'f after vil, in order to offer ttE theo-
retical- basis of cowttefiEasures in future slEce
flights.

Ivbthod

14 ipatthy lotmg nEn. aged 18-22, $e!e divid-
ed ijrto trrD qrolps. Ebch consisted of 7 subjects.
ALI of ttEn 1€!e oo bed for 15 days. ltE subjects
in Gloup A r€{rEijled strictl-y in lying position
lrith 2' headdodn , wiriIe those in Gror.p B \re!e
pelnitted to sit r.{) for 50' and lie do*n for 10'
every iPur durhg day ti.IrE.

lbur kilds of Q.dnination 'ltre doDe pre ard

post BR ( Table 1). ltE leco!:ded irdices included
heart rate, b]ood plessirle ard cardiac output.
ltE opn-loop gain G, heart rate gi ard lEliplEral
resi-stance gain g, rrere calcu.Iated with lEj.rs
nEdet [2] hrhich was sq)posed to reflect ttE cbar-
acteristics of cardiovascular regulation of vari-
ous irdivjdua]s during Htn ard HLJT plus I,BNP.

Table 1. E)(ardnat ions before ard after BR

Tlre
Day of

er{amirEt ion

5333 Pa NPPi

-2667 Pa I,BNP

HUrr. 75'
HUr 75'+LBNP( -5333 Pa)

20'
20'

15th day ir BR

15th day in BR

lst day after BR

1lth day after BR

Table 2. lb.Lerance tijle of the tlo 9roqr6
(A,B) pre ard post BR (nin.)

fiesuft

l. (Elrtatic tol.erar of t.}E trc grqlE
IEe dd p6t irtpokirEsja. TtE tolerances of the
t!.ro groqE to tflrt and HUT+LBIIP \€re s€rlE before
hypokiJEsia, but different after different kiJrls
of hypokjresia ( Table 2). TtE toferance tire of
Cdoup A decreased significantly after BR, while
tlEt of Group B did not. It vJas c1e.r that jnflu-
ence of ttp BR, with subjects being in a strictly
Iying positi.on, on cardiovascular firnction vras
nDre rrBrked than that of tlE BR, !,ith subjects
alternating sitting lrith lyjng.

HIJ'I HIN + LBNP

pre post P pre post P

A7

B1

20
10

11,49 < 0.01
!'t .26

8.
!2

25
.96

2.n z,0.001
r1.28

20
10

4.32
i4.43

8.70
15.74

16
r4

a1
78

)0.1 ) 0.9

2. InfltElr of tlE tE tl,IEs of BX ar BRF.
After BR, in sirple HUI. r.rhich e,,as a light ortho-
static load, the G, 9|{, 9r of C,roup A incleased
significantly, v''hile ttlo6e of crolq) B dj.d not.
In HI,I+LBIP, '^trich was a lEavy stless, the three
ijdices of croup A decreased, uttj-Ie tho6e of Group
B increased. In order to c1a.rj.fy $tEttEr the
changes of ttE three irdices !c!€re caused by dif-
felent grades of st ijru]ation, ttE changEs of P
in wei's nDdel before ard after BR iiere cclltEred
betl€en the trrJo groups. In ttE nEdel, & i,ias ttE
va-l\E to be regu.l-ated by baroreeptor reflex.
ltE result was ttEt there i.,ere no diffelen@s
ir Pr both bet'.een ttE two 9roup6 ald withi, a
sarE grol{) pre ard po6t BR. 1t6t ryEant tlE differ-
ences in gains r€re caused by ttE legulation sys-
tern itself ard had nothhg to do with Pr,

Table 3 stFr,Es the changes of gBins befole
or at ttE tenLiration of exaninations. Just at
ttp temination, tbree gai-ns dec!€ased signifi-
cantly. It jjdicated tfEt the qmcoP of ortho-
stasis !,ras caused by tlE de(lease of legulative
capacity of tlE reflex slEt€rn.

3. ltE dErgEs ir! NPP d IEIP. ItE lrEjor
difference of cardiovascular irdices betr€en the
two grorD6 \ras ttE frreqtEncy distribution of R-R

ijttervaf d\rrbg NPP ald LBNP. After BR in both
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of tlp grotps, total slEctrun, C ard D eaves de-
creased, ald ttE trErcentage of A+B in total vr-ave€
increased. lbst of the lErarEters of Crlo\{) A
clEnged signijicantly, *rile tbo6e of Grotp B
did not .

no changes urder both srBl-I and Irediun interfer-
ences. G increased on].y urder big interference.

In a $ord, ttEre ttere [Eny factorE causjag
OSI durjng BR, It r€s a-Iso sho€d in this oqEri-
lrEnt that t]E disorder of C][; caused by the cep[r-
alad blood redj€tribution \ias the nD6t irrportant
factor. TIE cardiolraEcular decorditiojng in a
space fligtrrt rtsy be prevented j.f cephaLad bLood
redistribution is prevented, or if the barorecep-
tor stirulation similar to tlEt on the ear-th is
maintaired. !,le belie\re ttEt Chij}ese "Qigong" nEy
be used as a good courteErersure. ScarE e>qErjrrEnts
I3l t4l in Chirra have proved that ttE blood ledis-
tributj.on ard increase or decrease of blocd fes-
sure can be contlol.Ied by ttE person who is eraer-
cising "Qiqonq" with his nird concentrated jn
certaj! trErts of his body. It is possble to en-
hance the adaptation to WL and readaptation to
ttE earth gravity if blood is legu1ated to the
lo$er body during lll, and prevented frcm being
pooLed in tlE lor^ier IErt of the body on returning
to lc corditioo by using tle chiiese "Qigons".
!€a$rtiIe, "Qigong" can enhance the adaptation
of bcdy to external envirorrrEnt atd keep tte co-
ordjnation of regulat ive fllr|cti.on. Ihis kijd of
er€rcise needs no sl)ecj,al equigrEnts. So it is
conveni.ent to be used in a space f1ight. !€ sug-
gest that "Qigong" be an effective rrEttsure to
prevent the jnf\Ence of WL on caldiovascu-Iar
systern. It, tprEver, rEeds to be further studied
before it can be put into lrractica] use.

Concl\rsion

1 . ltE G.I ard BRF $ere inf lr.Enced by a
15-day hypokjiesia. TtE inflrEnce on cror4, A uas
stronge! than on Grorp B. It€ result sho€d that
ttE changp of BRF. eslEcially the disorder of
reguJ-ative function of CI,IS, lras tfE i-rportant
factor causing 6I after BR.

2. To clEnge tlE blood distribution or to
regulate ttE stijrulation to baroreceptor during
wL or StrlL rdght be effective trEarrs to prevent
tlE cardiovacular decqditioning during s[Ece
flight.
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Table 3. Changes of gajns before
or at ttp telrlinat ion

G 9x 9r

Before
At
P

3.23r 1.47
1.44r0. ?0

<0.001

3.2'7!2.20
1.6610.91

.0.001

0.8110.63
0. t910.48

20.02

Discussion

In order to study tlE jnfllEnce of blood
ledistribution on BRF. different twes of hypo-
kiresia i{ere used in the tl,o groulE of subjects.
TtE inflr.Ence of ceplEl.ad bfood redistribution
on BRF in hT, was siJrul-ated on Crroup A. Group B
r.ras allc(lrgd to fiEintain a stirrul-atlon of nollrEl.
lgrect posture on BRF for periods of tijre every
day.

TtE lesult shoEd that the OSf ard the ga.ins
of BRf jn both groups r€re different (Pig. I ard
Tab. 2). Itre decrease of OST ard tlE clEnge of
gains jn Group A Lere significant. Tbose in croup
B l€re not. TtE Pt valrE shc'vpd that the djJfer-
ence tEt!€en G i.n the t!4ro groups $7as not caused
by different st imll-at ions, but by the ctEnge of
ft nctj.onal state of the body. TtE ctEnges of BRp
stroied close relations with the changes of OSf.
this iJdicated tlE cbange of FBF \ias an jrportant
factor caEsing GI after BR. !,rany factors in BR
cou-Id jnflEnce the lErts of BRF ( receptor, CflS.
effector). ArDng these factors, ttp stjrrul.ation
state of baroreceptor ard ttE state of blain cir-
culation in the tvro groups i€re different. TlE
change in croq) A Bas llpre trEirked than jn Groq)B. ltEy r*Duld gi\re different jnfL(Ences on C}'tS.
It '.rouLd cause lllcre evidient incoordiation of
C!{S after BR ir crolp A ttEn jn croup B. It ap-
penrcd in &or{) A that after hlpokjiesia onlypcrrr strEctrLm of R-R interva.l- ShorEd clEnges
during a SIIEII local interference (NPp ard LBd).It lrdicated that CNS activity only iacreaseaslightly. Djring rcdirm interference (HUI), in_
creased c jrdicated ttE iJrce-ase of regu;tionof CNS_. Urder. a big interfererce (HUf+r.Blb), ae_creased c jrdicated hcooldination of tlE !egu]a_
t ion function of CNS. &rt in crolq) B there -r€!e

The Physiologist, Vol.3l, No. l, Suppl., l98g

, X.Y. Shen, S.C. Li, arrl X.C.
Pressol response (pR) in norlrEL
evaluated by a systern ana-Lysis
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THE ROLE OF PHYSICAL TRAINING IN
INCREASING +Gz ACCELERATION TOLERANCE
IN THE INITIAL PHASE OF AVIATION
TRAINING

Stanislan BARAiISKI , L€ch tARKIEwICz,
MlEczyBlan IVOJTKOIIIIAK, E uge nlusz
s0<otolvsKr

Inetl,tut€ of AvLatlon M6di.cine,
warsan, PoIand

group the tralntng was contlnusd for
thE furth€r 6 !teeks, to be follolted
by another acceloratlon to19 rance

the t ralntng, during
tgst, guch neagurehent
expi ratory thrua t time
force /FJ-sck's test -
P9ckard 1n9 t ru[lgnt ed

lncludlng /1C/ , vttaL
peak fLor! /PF/ and the
/naxlmaL voluntary ven

tt -

coefflclent, i.e. the ratlo betr€en
the valus of ventllation during the
Last 5 seconds and that of the flrst
5 geconds.

exsmLnation gerles. Before a after
lfuge
en a8:
Hg of

nd
each cent r
3 Were tak
at 30 m@
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The effects of L-1 and M-1
oaneuve13 depend on regular tral,nlng,
developing contractile force 1n certain

lt\
ii1-:1.3
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Fj.g.1. Exanlnatton plan

Physical t ralnl ng

The program lncluded 10 exercLseg
/Ff9. 2/, malnly lsometric ones,
devoloping muscular force 1n upper

and lo(er 1i0bs, abdonlnal muscIe6,
dorBal and femo16l exteneors, and
the thoracic musculeture. In most

of tha exerclses the subjects perforned
apnoea and explratory thrust upon
partly or coopLotely closed glottla,

The polnt of Exerclse 1lras
chenglng from upright atandlng to
upslde-donn po6ltlon, ln order to
trlgger the vasomotor rea ponsos
compensatlng for the orthootatlc
chanoes in blood oresaure dlstributlon.
This- exerclse produces muscle tone
in cervlcal musculature , spr,nal
extensorg and flaxorS, and in r6aplra-
tory muscle /nn. lntercostales and
diaphragn,/. In Exercise 2, apnoo6 1s
6ustalnd for 25 s€conds,/nlthout
thrust,/, causlng blood shlfts fro0!
csphslic and Pulnonary reglons, tthlch

groups of s keLe t
co-ordlnatiOn ri
This is connec te
and co-ordinatio
groups. creat ef

requi re
properl
rE9ime.
19A4/ ,
Tesch e
strengt

uscLes, ln
respi ratory man€ uvs r.

th developlng force
aome nusc u la r

, nece9sary to
ntioned maneuvers,

aI n
th a
d yri
n in
fort
e me

I

bovPerform the a
s subj
y orl,e
The e

Cets 1
t aL.
h and

ectlng the pilot to a
nted physlsal t raining
arli€r results /Ba].dfno
985, Epperson et al. 1985,
1993,/ suggest that
endurance exerclses,

improvlng the performance of those
muscles ihich are lnvoLved 1n Valealva's
maneuver, are qf psrticular lmportance
ln the Early phase of pilot tralning.
Slnce csrtaln 16spiratory lndlcas
,/lncludlng insplratory capscity IC/
p18y I slgnlflcant ro1e, it saened
necsssary to take also spironetric
m€ssursments 1n the subjscte undergolng
the reepective t ratning,

The alm ln vlevl nag to examlne
the sffects of se!.ected physlcal
exercises, perforEod in a regular
schedule, upon acceleratlon t ole rance
and certaln r6sPlratory indj,ces in
pllots durlng the initlal stag6 of
thelr t ralnlng.

Materials and l'4s t hods

The subJects ltere 135 Young Pllot
candj.datee, aged 19-20, who had nevsr
axcesded th6 liolt of 5,2 G in the
O.! G/s GOR progran ltlthout visual
dl6turbances durlng their en t rance
c6ntrlfuos s€1€ction. Th99e nen llere
sublect io physical tralnlng /descrlbed
bel6n/ bv daiiy schedule /Ffg.7/ 'throuoho;t a p;rlod of I tteeks. After
that ;erlod th€y had their acceleretlon
tolerance 6v81u;ted agaj.n, uP to tho
Uiact-out polnt. The iesults revealed
itrit zr srble"ts had not roseached the
limIt of 5.7 G, the classtflcatlon
rriniraf standard for high porformance
aiicratt ln our avlatlon. rn thls

s-24



is turn develop systsnic anaeroblc
rsactions.

Exerclss 7 develoPe the statlc
sndurance of gPinal axtonso16. In
Ei"i"is" I elbnents of tho L-1 lnd
tl-i ttnir""t. arc performod 1n ParalloI
rtih tenstnE skoletal musclgs' The
.rolr"t's p5strre anhances the thoraclc
,r"if"" tension and affords Possibili-
ties for producing high values of
ini iattroricic pre6sure' R6stlng the
i6oo"inaf rall sgainst th6 thighs

"."Ules to attai; a high incroasB of
int rg-abdominal presaure. In Exerclss
g the subiect had to hold 17.5 kg
reiotrts ,zin both hands/ with his knees
nali-uent, and then bend his kneos'
rhis devei.oPed the strength and

"nar"in"", 
both static and dynamic, of

ori!|arily f€morsI extensors. In
Lxercise lO, the M-1 and L-1 maneuvers
r.rere fu11v executed, and ths positlon
vras close to that of the pi1ot 3 1n
his cockPit.,8.

# Resultg

In the grouP of 13
to ohvslcal t rainlng fo
a nbe[<s, 7r4 /GrouP A/
tion toler6nce ranging
8.o G, nean 6.85 G. The
test result lrss 54.9 3.
nare also resulted in th
Hoiaver, 21 subJacts f81
tha tioit of 5.7 G. Thel'
/TabLe L/ x.re Ioner bY
acc6leratj.on t ol€ rance,
Flack's t6st, 8nd bY 17.

men subjected
I p6rlod of

alnad accelsra-
ron 5.7 to
oean Flack's
Hlgh IC v81ue3
ese subjectg.
1sd to raac h
r osan rea ul ts
3lX lor
by 2s.3% f or
8% for Ic.

5
r
I
f

Flg.2. Exerclses applied 1n the
p hys j.ca I training Prograln

In Exercise 3, a quick, deeP insplratlon
1s psrformed, to be folloned by alr
retentlon in ths lungs. The cycle 1s
rep6atEd sevo16l tLmes. Thls forced
oanner of breathlng d€ve!.oPs resPonses
typical for the L-1 manouvre nhich
coopensate for the conslderabl€ blood
prassu16 fluctustions in 1nt rathoracic
and cephalic vessels through subsequent
phases of brsathtng.

Exorcis6 41s basod on € possibly
fsst c han
horizonte

f ron the a uppo rt ed
/on aLL fours/ to standlng

eI
1

positlon and back again. It develops
th6 force and speed of abdoninal
ouscleg con t ract lon.

Exorcises 5 and 6, as proposad by
Balldin ot a!. /f/ , Ilere supplemBnted
in our trainlng prograo by reeplratory
6xorcis€s. lhen llfting up hlE trunk,
the aubject perforBe ths man€uvors M-1
8nd L-1, thue Loprovlng the co-ordlna-
tion of abdoainal qugcles and fsBoral
extensors vr1th the sp6clflc mode of
breathlng. Int6rElttsnt breathlng in
coBblnatlon itLth strong expiratoiy
trust produced p9rj.odlcal, breathing-
-condittoned increases of blood preisure
ln supracadlacally located va6c ula rregiong. Thls exerclse loproves the
functions of the diaphrago and venous
Punp.

The Physiologist, Vol. 31, No. t. Suppl., 1988

The rametnlng indlcas rlare rtstlatl-
cally lnsignlficant. although, 1n
cooparLson to the pr6-training tost
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Th6 presented data lndicate a
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CoI'IPARATM l4oRPHot,tETRy OF FIBERS AND CApTLLARIES
IN SoLEUS F0LLoI{Illc I{EIGHTLESS(ESS (SL-3)

AND SUSPENSION

x. J
r'i. J

. HI'SACCHIA, JOSEPH I.I. STEFFE'{, R. D. FELL ANd. mMERoIISKI

Depts. Physiology and Biophysics, Biology and
fxerc i se- Physi ol ogy Laboratory, Universiiy ofLouisville, Louisville, Ky UaA 40292

fron una'ltered DNA contents following the one yeek
of nicrogravi ty in SL-3.

To date nany of the experiments concerned Hith
muscle metabolism have used young, grou.ing rats.
l{e now propose the need for adu'lt anlmals in IBS
experinents to sinulate space flight responses,
particularly lf aspects of disuse atrophy are to be
extended to the human subject.

In brief, ue decided that there Yas not only a
need to do experifl€nts concerned xith cel ]ular
changes in adult rats, but also the need to pursue
experirEnts that assess the chanoes in fiber
morphometry. lle reasoned that ii our conten on
that disuse atrophy ras seen as a loss in mass,
i . e. , i ntrdcel 1 ul ar protei n, and not i n f.i ber
numbers, then morphometric studies lrould assist in
confirming this hypothesis. Another objective of
this investigation was to make conparisons between
ground based simulations i.e. (HBS), and f'light
experintents. Lastly, we initiated experircnts in
recovery from l,lBS in order to conpare results and
to predict responses followinq exposure to
mi croqravi ty.

I,'!ATERIALS AND METHooS

I'lale Sprague Darley rats (360-410qm flight and
flight controts and 350-400 gn for !,iBS and HBS
controls) were used. The SL-3 f'liqht lasted
approximately I week plus an additional lZhr post
flight period of loading prior to euthanasia.
Halothane anesthesia and decapitation nere used for
the f'liqht subjects and their controls. An
overdose of pentobarbital sodium (65mq/t009ml ras
used with the IBS and l{BS control subjects: The
soleus muscle xas surgically renoved, flxed at anin situ length (pldced on a piece of index card),
Hrdpped in aluminum foi'l and frozen in Z methyl-
butane cooled to the temDerature of liquid
ni trogen.

The muscles were prepared for frozen
sectioning by enbeddiflq in qum traqacanth and
sectioned at loum. The frozen sections were
treated xith ATPase stain adjusted to an alkalinepH. Muscle sections vere pre-incubated at pH 9.4
for fiber typinq and at pH 3.8 for capillary
staining. These methods are described in deta.ll by
oubowitz and Brooke (1973) and Sillau and Banchero
{'1917).

Crossrsectional areas (um'), fiber densities
( fi bers/m') and capi I I ary densi ties
(cdpillaries/mn') yere determined using a
computerized image analysis systen. Both s'lor andfast twitch fibers xere differentiated and datayere analyzed by t-test (flight exper.iments) and
ANoVA (XBS experiments). Ihen significant
differences xere noted by NoVA, appropri ate post
hoc tests were emDl oyed.

RESULTS ND DISCUSSION

This wor* is a continuation of efforts to assess
responses of rat skeleta'l musc'le to weioht'lessness
and earthside laboratory experiments wiih unloading
of hind linbs. The so'leus is a s]fi twitch, load
bearing (antigravity) musc'le. Both exposure to
xeightlessness (tl) and to the hypokinesia/
hypodynami a of rho'le body suspension {HBS) resutts
in soleus atrophy. Cross sectional areas of both
slow and fast twitch fibers decrease during 7 days
of ll, and 7 or 14 days of [8S, Density and area-
changes tended to reverse to control 1ive1s during
7 days of recovery (R) fo'llowing I8S. Capillary
density uas increased rith 7 dats of l,l, and 7 o; 14
days of IBS. During 7 days of R the capi'nary
density returned toward control levels, In
sunmary, the reduction in fibe
areas and increase in fiber an
support the hypothesis thdt in
disuse, i.e., H dnd tlBS, there
muscle cell mass and not in fi

ross secti onal
api llary densities
th forms of
a 'loss in sol eus
numbers.
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INTROOUCTI ON

The soleus, a sl ovr twitch load bearing muscle,
responds to conditions of weight'lessness (r,{) and to
the.hypokinesia and hypodynami a (H/H) of unloading
during suspension with a loss ir rnass and cellulaiprotein. In C0SiOS flights 605, 690 and 1tZ9 rats
were exposed to nicrogravity for periods from 15.5
to 22 days. Ilyina-kakueva and Portugalov (1977),
Gayevskaya et al {1979), and Rapcsak et al (1983)
reported losses in muscle mass and protein. More
recently, Henricksen et al (1985) and Steffen and
llusacchia (1986) reported that with one xeek of
exposure to microgravlty in the Spacelab-3 (SL-3)
flight there was also a signlfi,:ant loss in muscle
mass and protei n.

Jaspers et al (1985) and LeBlanc et al (1985)
using tail cast suspension and l(usacchia et al
(1983) and Steffen et al (1987) using wiole body
suspension (IBS) un'loaded the hind limbs for
periods for one lreek or 'longer. These
investigators reported losses in muscle mass and
reduction in protein content, The loss in protein
content has been credited to both increased
catabolism and to decreased protein synthesis.
Steffen and l.lusacchi a (1986) recently reported that
during a one week exposure to microgravity, the
relationship of protein to ce]rular DNA

concentrations suggested a loss in cell nass

Lithout a loss in aell numbers. This was deduced

Microscopic examination of the soleus from
rats that were f'lonn on the seven day 5L-3 nission
shored d significant reduction (30%) in cross
sectional areas of both slow and fast tlritch
fibers. This resulted in a signlficant increase in
density (30 and 60%, res9ective'ly) of both sloy and
fast tyritch fibers. tle interpret these results as
indicative of a loss in fiber mass but not in
numbers of fibers. In effect, there was a nore
dense concentration of fibers per unit of ruscle
after a xeek of microgravity exposure. The
capillarJes in the soleus also shored a signiflcant
increase in density (50x) after the 7 day flight.
The increased density of capillaries raises the
question of potential alteration ln blood floy to
the di sused muscle.
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The next question focused on the suitabllity
of an earth bound experilEntal nodel (,l.e.,
IBS)that could be used to simulate responses seen
in flight subjects. t{e also assessed the responses
seen after 7 days of recovery, following 7 days of
IBS. After 7 and 14 days of IBS, the soleus showed
a significant reduction in cross sectional areas of
slou tritch fibers, abqrt l4X and 26X,
respectively. After 7 dqys of recovery there was a
significant recovery of slow twitch fiber areas to
contro'l levels. Although the fast trri tch fibers
are fener in nuorber, there lras also a slgnificant
reductlon in cross sectional area after 7 and 14
days, about 20 and 40%, respectively. In fast
twitch fibers there was recovery in cross sectional
area to a level of the controls.

The densities of slor{ t}ritch fibers r.ere
significantly increased after 7 and 14 days of IBS,
(20 and 609, respectively) and after 7 days of
recovery there ras a reversal to control levels.
There were no significant changes in the fast
tnitch fibers after 7 and 14 days of }{BS. The
caplllary density i ncreased in parallel vrith slolv
twi tch fi ber densities.

These morphological changes ln the soleus
parallel and conp'limnt the changes reported
ear]ier in terBs of ruscle nass, protein and
protein/DNA ratios. In addition, cellular
biochefiical changes nay be used to predict changes
Jn ruscle fi ber morphomtry.

oubowitz, V. and l'1, H. Brooke, fiuscle B.iopsy: A
l,lodern Approach. Toronto: ll. B. Saunders, 1973.

Gayevskaya, l,l. C., R. A. Belitskaya, . S.
(olganovd, Ye. V. (olchlna, L. ll. Kurklna and Ye.
A. Nosova. Tissue metabol i srD in mixed type fibers
of rat skeleta'l rnuscles after fllght aboard C0SI10S-
690 biosatellite. Kosm. Bio'l . Med. 13:28-31, 1979.
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c0NcLUst0Ns:

lle concluded that weightlessness and l{BS
results in true ruscle atrophy, viz. loss in slo{
tritch and fast twl tch fiber cross sectional areas
and increase in fiber and capillary densities.
Also, there is significant recovery rithin 7 days
fo'l lot{ing relloval from ]lBS. Seven day changes in
rruscle morphorEtry induced by H/H of tiBS appear to
be conparable to those induced by space flight.
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sponses to a sustained handgrip were compared in
these two different postures. The effect of an
abrupt postural change fron lying to a 30' head-up
tilted position on the handgrip rihich induced
changes in l6l,iA xas also analyzed. The postural
change was carried out using a ti lt table.

4) Physiologi cal m€asurements
E I ectrocard i ogram ( ECG), e'l ectromyogram (Elilc )of the foreann and arterial blood pressure (Bp)

liere measured throughout the experiment (Fig. 1).

POSIURAL EFFECTS
OIi IiIJSCLE SYIiIPATHET I C I{ERVE RESPONS I VENESS

TO sUSTAII{EO I'IUSCLE CONTRACTION

Dept. of |Jork Physiol, Toyota Technolog.ical
Insti tute, liaqoya 468, and

*The Research Institute of Enviroflnental
I'iedicine, Nagoya University, Naqoya 464, Japan

ABSTRACT

To confirm the doni nancy of the effect be-
txeen postural change and muscle contraction on
muscle sJrnpathetic nerve activity (l,lSNA), l.lsNA was
recorded b€fore, during and after a susta'ined
handgrip exercise in a lying and in a standing po-
sition by means of mi croneurography, At rest,
16l{A nas markedly higher in the standing position
compared with that in a lying position. Hoxever,
during handgrip, ItSl{A did not increase in the
standing position, and significantly increased in
the lying positon, although flSNA l{as lower during
handgrip in the 'lying than that in the standing
position at rest without exercise. lt is con-
cluded that the gravity dependent postural effect
doninates the I'ISNA responsiveness to exercise.

INTRODUCTION

Previously, xe reported that muscle sympa-
thetic nerve activity, as an 'ind'i cator of autonom-
ic nerve activity, was reduced under weightless-
ness simulated by head-out ylater,iflnersion (l),
wh'i le being increased by head-up tilting from a
lying to a standing position (2). ilSNA also
increased by sustained muscle contraction in the
lying posit'ion (3,4). In this study, we attempted
to detennine the dominancy of lhe effect between
postural change and voluntary sustai ned muscle
contracti ons on IlSliA.

SUBJECTS AND I4EIHOD

1) Subjects
Five healthy male subjects aged from 19 to 41

years old, who gave their corsent to take part in
the experiment, were i nvestigated.

2) Muscle contraction
Sustained muscle contraction was performed

for two minutes using d handgrip, at a tension of
20-30I of the maximum voluntary contraction which
l{as determined before the experiment in a supine
Dosition. Ihe tension in the handgrip was rpni-
tored by a cathode rays osci I loscope (Fig' 1)
during this exercise to maintain a constant
tens ion.

3) Ch

1y'ing

s-30

Fig. l. Experimenta l setup.

5) tts A recordi n9
ITSNA (Neuroqran) Ilas recorded from the tibial

nerve at po'liteal fossa using a tungsten micro-
electrode (fig. t). The tungstin micioe'lectrode,
with a tip dia,neter of about Ln, a shaft diame-
ter of 100r.m, and impedance of Z-5 lil(L was in-
serted rnanual ly and percutaneously }rithout anes-thesia. l.6NA was recorded on a magnetic tape yiith
other s'ignals and analyzed after the expeiiment.
I'SNA was erpressed quantitatively as burst rate,
which means the number of bursts for one m.inute,
being counted from the peak of the full-wave rec-tified and integrated I4SNA trace recorded on a pen
recorder.

(a)
il

+,-i^3!r-./:+---,*-1.^-+'+!-'vrr!+\+-*.!\!\

1,. ,ll 1r

-

anqe in posture Fio. 2. Tyoical recordings of heart rate
in6 oostilr" of the subj€cts xas changed fron rcie. Erc ind tension of handgrip in lving (- 

io' sianoing using; tilt table. l'lsNA re- pinei; a) and standing positions (1ower pane'l

(HR),
upper
; b).



RESULTS AND DISCUSSION

1) NNA response to a handgrip exercise in both
standi n9 and lying position

ln a lying posit'ion, I'iSNA and heart rate in-
creased during the handgrip exercise (Figs. 2a and
3), though the resting value of the iGNA burst
rate ras c'learly lower as compared to that in a
standing positiont as sholrn in Figs.2b and 3. In
a standing position, the l.tsl{A burst rate and heart
rate at rest nere higher than those in a 'lying po-
sit'ion. After commencement of the handgrip,'it
showed a tendency to decrease slightly but theheart rate increased (Figs. Zb and 3). In both
pos'itions, BP increased gradually during nuscle
contract ion,

During handgrip exercise, l'lsNA burst rate in-
creased in a lying position, horiever, the maximum

value of the I'ISNA burst rate during handgrip jn
the 'lyinq position did not exceed that in the
standinq position at rest lrithout exercise
(Fi s. 3).
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The nuscle contraction }lhich stimulates the
peripherdl chenoreceptor might activate t'tsNA

during a lying position (4), but it could not in-
crease llsl{A to a value exceeding the resting level
in a standing position. These results suqgest
that IGNA during a standing position is too strong
to be increased more by muscle contraction.

CONCLUSION

ln conclusion, the muscle sympathetic nerve
activation to sustained muscle contraction in hu-
mans is influenced by the posture of the subjects.
The gravitational input seems to dominate IISNA re-
sponsiveness during sustained muscle contraction.
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2) Effect of abrupt changes in body position on
l6NA responsi veness during handgrip

In a standing position, the contraction of
the antigravitationai skeletal muscle in the leg
should occur. lt might also activate I'ISNA. In
order to exclude the effect of musc'le contraction
in the leg, t{e carried out another experiment, in
which an abrupt postural change from 'lying to a
30" head-up tilted posit'ion without support of the
both foot tas perfonned,

|lhen the position was changed abruptly dur.ing
handgrip from lying to a 30' head-up ti'lted posi-
tion aM from a 30' head-up tilted to a lying po-
sition, lr6NA was activated in the former ioniition
and reduced remarkably in the latter condition(Fis. 4).

The higher activity in the sympathetic nerve
to the skeletal musc'le during a standing than
during a lying position, which has also been re-
ported by other authors (5), may be related to in-
creased venous pooling in the leg by gravitationa'l
force. 0n the contrary, l,lSNA suppression during a
lying position seefts to be connected with ahe
cepha'lad fluid shift, activating the baro- and
vol ume receptors.
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Samples of femoral bone and skin of
male llistar rats, subjected to a 7-day
spaceflight on the biosatellite Cosmos-
-1567, were analyzed to reveal possible
effects of weightlessness on collagen
pepsin solubility and collagen type dis-
tribution. The analysis has shown the fol-
1o!4i n g effects of space f 1i ght as compa ! ed
wi th cont[oIs: in bones - the increase of
collagen solubility and the presence of
collagen type III; in skin - the decrease
of collagen solubility and a higher per-
centage of col l a gen type II1.
Material and Me thods

Speci f i c pathogen-free male l,/istar
rats, aged I00 days, t{ere used. Flight
animals l{ere placed 1n specially con-
structed boxes and kept during 7 days of
the flight under housing conditions
enabling a regular automatic loose diet
feeding, clear air supply and removal of
excreta. Synchronous control anima 1s tere
kept in model spaceship conditions. The
v i vari um contro I animals, kept under rou-
t ine condi t i ons in an experimenta I room,
rere also used. Four to ei.ght hours after
the Ianding of the biosatellite the rats
were ki.lled by decapitation and samples
of bones (femurs) and skin fEom a dorsal
depi I ated region xere taken for analysis.

Samples of both tissues, deep irozen
with liquid nitrogen, were mechanically
homogenized and subjected to a standard
procedure of pepsin digestion ( twice for
24 h, O.5 mol/I acetic acid with l mg of
pepsin "Boehringer" per 10 mg of hiet tis-
sue, at 4 oC). The i.nsoluble f ract ion was
subjected to cleavage
mide as descr ibed by Ep

with cyanogen bro-
stein E.H. (J. biol

2A

5K]N

determined as hydroxyproline
H.,
4I,

Ho e-Se Iers Z. h siol.
1958

!!gg-,- 249: ,225, L914). The cyanogen bro-
mide-liberated peptides were separated
using the " Fast Protein Liquid Chromato-
graphy" system. Peptides characterj'zing
type I and type I II collagen were j.dentj.-
fied and fot calculatj.on of the proportion
of both'collagen types the procedure of

The total amount of collagen (soIuble
plus rnsoluble fraction) per 100 mg of
lvet we l ght of bone decreases significantly
by about l5 per cent in flight animals
as compared to both controls. Ihe propor-
tion of pepsin sol ub 1e col l agen in bones
is significantly increased in the flight
group (Fig. l). Fig.2 gives the resutts
of collagen type analysis in both thepepsin sol ubL e and insolub le fractions.
As expected, in bones of control groups
collagen type I predominates, coLlagen
type III 1s absent (with the excep t ion of
two control, pepsin soluble samples). In
bones of the flight group the presence
of collagen type III uas demonstrated in
both f ractions.

Analysis of skin samples did not
reveal changes in the total amount of
collagen per ret weight. HoweveE, theproportion oi soluble collagen is sig-
ni f icantl y decreased in the fl ight group(fig. 1). As expected, collagen type III
is present in the ski n of control animals
in both fractions. In the flight group,
this type of collagen lras found in a
signiflcantly higher percentage (Fig. )).

The results have thus shown evidence
of spacefli.ght effects on the collagen
matrix of femoral bones and skln. A de-
crease of the total collagen content in
weight-bearing bones may be a sign of
complex Eeactions of this tissue to
weightlessness, addi.tive to cafcium loss
and condi.tioned by a suppression of the
proteoanabol i c processes a nd/or prevalence
of enzyma ti c degradat ion effects. Calcium
may be a factor stabilizing collagen
structures. If so, the increased pepsin
sotubility of bone collagen in flight

Hanson A. N. and Bentley
chem. tl0: l2 l98l) i,/as used. TTE-GiIiETE
iia ct Zone Precipi-
tating ChromatographY " according to Ehr Iich

ion was subjected to "

J. P. (Anal. Bio-

9: 40 7, 1979). Col-H.P. (Prep

s-32
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SKIN

type III is thought to comprise the reti-
culin fibres described by histochemists;
it was originally detected in fetal skin
and is a collagen of young, growing tis-
sue. FEagiIe bones of pa tlents with osteo-
genesj.s imperfecta, a disease character-
ized by defects in the chains of type I
collagen, contai.n collagen type III.
Thus it seems that our findings, indica-
ting an i ncreased content of colLagen type
iII in the bones and the skin of rats
subjected to a spaceflight, signalize
active remodelling processes and possibly
a pathological situation in the organic
ma tri x of connect ive tissue. The presence
of this effect in the bones and the skin
i.ndicates the role of some systemic fac-
tors, The signi f icance of these findings
for the physj.ology and pathophysi.ology
of man subjected to spaceflj.ght conditions
rema i ns to be further analyzed.
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animals could be due to calcium loss. The
opposite finding, i.e. the decreased
pepsin solubility of skin collagen in
flight conditions is interesting, but
the inteEpretation of this e f fect has to
wait for furthe[ expeaiments.

The main result of this work is the
evidence of the presence of collagen type
III in bones of flight ani.mals and an in-
creased proportion of col lagen type III in
the skin of these animals. It should be
ment ioned that s imi laE f indings, i,e. the
occurrence ot type III collagen in femoral
bones of pregnant ra ts orbi t ing foE 5 days
aboard the bj.osatellite Cosmos-I5I4, were
reported by ouEsel.ves earlier (PospiSilovd
J., Serova 1.V., Pospi5iL Il., ScEipta
nedica. 8rno, 59: 217, 1986). Collagen
type I j.s the major structural component
in bones, tendons and the skin. CoIlagen
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THE IN}'LUENCE OF A ONE-WEEK S?ACE TIIGI{T
ON TEEtH AND JAW BONES OT WISTAR-R,A,1S

(cosllos r5I4 AND COSMOS 156?)

box ( 55Ox220xI60 nm) on boerd of Sovlet
blosatellltes (l). Fife female ratE[
wefe 5 alays ln space durlrt8 the I3'l to
I8-" alay of pregnancy ln biosatetlltetrCoSMoS I5I4rr. Fife nale rats were ?

H, IYelnSart, M. Kleber, H. ceiaale
E. Wachtel..I(. Hecht. I, Denissove
L Sergej evr, L. Serova'

extracteal and cenent and. alentin were
lsolated accorillng to (5). The bio-
natelia1s were pulverlzeat during aperiod of 9O^mlnutes uD.der vacuum condl-
tlons and 40"C tenperatur. The tleter-
minatlon of carbonatapat lt concent rat ion
was carried. out by lnfrared spectroa-
copy according to ( l) .

days I
nc0$ro
lryIled1
the Ja

RESUITS

DISCUSSIONS AND CON CI,U S ION

n space on board. of blosatellite
S I667n. The rats were kl11eal
ately after 1and.ing, After that
w bonea were alenudated. the teeth

T

Medical faculty, Hunbolalt-Universlty
- Berlin, cDR'Instltute of Blonedlcal Problens

Moscov,, USSR

The carbonatapat ltconcentrat ion
of teeth s,nd. upper anal lower jaw bone8
of 5 male and 5 pregDaat rats ln Sovlet
biosatellites was neasured. lvh11e the
carbonat apat it c oncentrat ion 1n nale rata
during the flight significanl-y alecreased,
this effect was absence ln pregnant rats.

Unaler control cond.itions nale rats
contirDusly showed higher levela of
carbonat apat itc oncrntrat ion than preg-
nant rats. We didnt find signifisantly
alifferences between the carbonatapatii-
concentration of nolares, lncislvi andjaw bones in pregnsnt rats of both
groups. (Tab. I). In opposite to preg-
nant rats in male rats we founal slgnl-
ficantly retluceal carbonatapat it conc;n-
tratlons in all lnvestlgated b1o-
naterials.

INTRODUCTION

gosmical rnealicine and blology take
onl-y a smaIl notlce of the in-fl-uence of
hypogravitation on teeth up to now.
Erben (1985) lnvestlgateal fhe infl-uence
of hypokinesia on Jaw bones an(l teeth of
rats. Erben denonstrated that a 50 day
hypokinesla result in alteration of
grov{th-processe s of alveoLs,r bones,
Iollowing results were f ountl:
- osteoporosis and j.nhlbltlon of bone

grow-th
- red.uction of cenentocytes, osteocytes

and b1ood. veasels of alveolar bones
- reduction of the cytoplasna of osteo-

cytes.
lhese changes were founal in spite o
free flexible head of rat8, during
period of the 2 nonth hypokinesla.
resulta of these moile- experiment s,
was the ain to lnvestigate the lnfluence
of a space flight on teeth antl Jaw boneg
of rats.
IYIETH0DS

This results demonstrate, that
cosnlcal conalitions cause lnportant
changes of teeth and Jaw boD.es i.n male
animals. The red.uction of carbonatapa-
t it concentrat j.on j.n teeth and jaw bones
of rnal-e anlmal s can be discusgeai as an
exanple for the speclal sensitivi.ty of
nale organisn a€aiust nlcrogravitat 1on.
Sex depend.ent reaction on rats obtained
by Poppei and Hecht 1977 in atlfferent
functi-onB ln organisn ln conplete hlrpo-
kinesia injluenseil by chronical strela.
In thls case the male anfuoal s were more
sinsitj.ve a€ailrst stress than tbe
femal-e rats. The reslstance ol the
pregnant organisn against microgravl-
tatlon aD.d. the changes of ilentln and
cement is dlacussed ss an protective
nechanisn caused by relatlon between
honnonal regulation and nlneral neta-
bo11sm. The table reflect also thet
lower carbonatapat iteconcentrat ion of
teeth and jaw boaes of fenale rats ln
opposl-te to male rats. Iurther in-
vestlgations are necesary to find out
the mechenisms of these proceases.

fa
the
In
it

The carboaatapat itconcentrat ion of
dentin aDil cenent of molarea anal in-
cisivi anal of lower Jaw bone anil upper
jaw bone of male and pregnant rats waa
lnve st lgateit.R at s (two groups of 5
anlnals) existsunaler free noyement ln a

s-34



Table I. Carbonat apat iteconc entrat ion o
inclslvi and of lower and uppe(* 1n rnean)

+ control v€raus fllght p<0,05

eDtln anal cenent of noleres al1d
a,r bone of male and pregnant ratg

td

N

jaw bone

IO j7,j ! j,r zl,r ! t,) 4r,7 ! j,4 7j,5 ! r,z j2,5 ! o,5

nolares

cenent ilenti.n

male

control

flieht
'Cogmog
r667,1

fl ight
rrCogrnos

I5I4rl
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Figure I
and di.scussion

The term osteoporosis designates a
group of diseases with different aetio-
logi.es, all characterized by the dis-
appaerance of the nornal bone structure
as the main symptom. The f.equency of
this multifactorial bone disease is a
function of age and it is associated
with a great number of diverse disorders
such as maLnutrition and malabsorption,
various dysfunctions of the kidneys,
endocrine disorders and with changes in
skeletal nechanicaL factors. It his been
a Iong clinical experience that inactivity
may also leads to osteoporosis. As has
been shown recently in astronauts, weight.
Iessness can also result in osteoporosts
(f , 2). It has been repeatedly demon-
strated tha t rats flying on a spac ec ra f t
develop denj.ne raliza t j-on and disordered
growth of their bones (3, 4). In recent
studies eve have shown that plaster cast
imnobllization is capable of inducing
narked osteoporosis in rats (5,6, 7),
The aim of present experimenrs was to
study the effect of Ipri.flavone on the
osteoporosis induced by ifimobilization,

Results

Figure 2. shows the cortical bone of
normal untreated controL (Goldner, sstaj.ning, I30x)

-+.frs,1;+ -;'

Materials and meth ods
The right hlnd linb of 15 albinolvistar strain about 2OO g of body

weight yJas lnnobillzed by plaster cast
1n slightly flexed position, The plaster
cast was continuously checked and
strengthened or replaced when it was
necessary. lO animals recej.ved dailyIpriflavone, This new drug (7-j.sopropoxy-
-isoflavone) is product oi ihrnoin
Pharmaceutj,cal and Chemical Work Ltd.,
Budapest ( Fig, f). IprifLavone
suspension was prepared in the following
manner: 5oO mg Ip.iflavone was suspendedin IOO nI physlol. sodium chloride
solution containj,ng I m1 of Tween BO.
This suspension was admj.nistered to ratsvia a gastric tube at a daj.Iy dose of
40 ng/kg body weight for I weeks. Fiverats served as untreated control,s. Atthe end of experiment the tibia was
removed and halved in the midsagittalplane, fixed and decatcified in-Susasolution, a-IO u thick sections were
s tained with h aena t o xyl in-ch romo t rop,
Goldner and Azan' s methods, then quali-
tative and quanti-tat j-ve histomorpho-metric measurements were carried out.

s-.36

Figure 4. The structure of the bone was
al t e red, rarefication and osteocytlc
osteolysis_ was also prominent (G6Idner,s
s taining, 130x )
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Fj.gure 3. After I weeks number of Hovr-ship'6 lacunae f j.I1e d with osteoclasts
and-osteon disintegration ryere present
(Go.l.oner's s ta ining, I3Ox)
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perhaps acting through a direct or an
ind rrec t sti,nulatron of osteoblasts
thereby produci.ng a positive remodeling -balanci inay be important in attainment of
bone mass ind in subsequent rates of loss.
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Fiqure 5. After Ipriflavone treatment it
,ai can see Hov{ship's Iacunae without
appearance of osteoclasts, enlarged osteo-
cyiic capsules, vascularlzation and endo-
s t eatly osteoblasts (H.E.-staining, I3ox)

Fioure 6, shows an area of subperiosteal
osieogenesis in cortical bone (GoIdner's
s ta ining, 13Ox ) 'On the basj.s of histomorphometri.c
examinations of tibia the results of
Ipriftavone treatment are the follovilng
(see Table r, and Ir. )
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THE SIMULATION OF THERT4AL MICROCLIMATE IN
THE GARMENT SII4ILAR TO THOSE OBSERVED

IN THE WEI GHTLES SN ESS

L, Novdk, B, Uliiny, Z
Ba rdk , V. S. Koshcheeva

E. I. Kuznetsi E. v.
. WllheIm,
B. A. UtC KnLn,

Experiment y!a9 carrled out ln a
thermal chambef wlth the air temp6ratures
of 28 and 40,5oC. Seven tralned healthy
man were dressed in a pl10t clothlng vAn-tllated with the volume rate of 125;5I P m of air.

Ihe skln temperature was flieasured ln5 spots together with the rectal tempera-
ture and heart .ate in a five mlnutes
int€rvaI9. The local condltions of the
heat transfer by convection were measured
on the chest and the shln by means of
two mlniprobes of the electric dynamlc
katathermometer, nodel EDK-IK-2M'( 1) and
evaluated in the form of the operative
temperature To (a). The subJectlve fBeL-ings of therfial state were assessed
acco rdlng to ASHRAE scale.

Ihe experlment was divided j.nto threeperiods. In the flrst control perlod (C)
the subject rras -i-iin g in the chambei '
wlth the air tenperature of 28oC; airventilated into th€ c10th1n9 23oC. At the
beginning of the aecond perlod the sublect
changed its posr tl6i'-i6 nor 1-tzo1 and
remained in it until the end of the expe-riment Ln the 18O min, In the beginnlng
of the third period (9o-18o mtn)-the tEm-perature ol the chanber was elevated to
4O,5oC, so that the subJect was exposedto the thermaL st.ess (TS-HDT). The nean
and SO vrere caLculated fron data obtained
during the last 30 ninutes of each perlod.
The slgnlficance of dlfferences were
examined by neans of the t-paj.r test.
Results

As demonstrated in Fiq. 1 the HDT
body position decreases significantly theheart rate and the rectal tenperature
and incr6asis the temperature of the
fo rehead and the value of the mean skin
tempe rat u re calcL/Iated according toVittes' formula. From it followi the
significant decrease of the core-skin
thermal gradient and no change in thelongitudlnal thermal gradleni between therectal- temperature and the skln tempera-
ture in the shin. The subJective feelingot thernat state.emain unchanged.

The skin t€mperature on thi chest(rfS. ?) lncreases sj-gnj.ficantly and in
generaL itg average values are conpatlblewith those neasured by V, Remek 1n the
wej,ghtlessness, On contrary the skln tem-perature on the shln remained in the
average unchanged and its absolute value
is close to the values measured byV, Re,nek on earth, not to those measuredin weightlessnesg.

Conpatlble viith the changes of the
skin teoperature are the changes of the
operatlve tenperature (F19,2). The sl,9-niflcant steep i,ncreage of the under- -
clothing operatlve teDperature in the
chest j.ndicates the gubstantlal decrease
of the convective heat output Joinedprobably with the local changes of the
ventilated ai.r di.stribution nhlch could
be the sequence of HDT body poeition.
In the shln regi,on no slmilai changes
were observed, The reduction of th; heat
output by convectlon in the chest regionj.s expressed also by the increase of the

Oepartnent of PhysioLogy Med. Fac.
Brno, Czechos lovakia

xlnstltute of Eiophysics , Ministry
Health USSR, Moscow, USSR
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Deviation of thernal condi.tlons in
the chest region and the shin different
fron those observed in the real weight-
fessness are described in the experiment
with the HDT body position -12o which 1s
often uged on earth for the sifiul,ation
of weightlessness on the cardiovascular
systen. The metodical approach for the
possible lmprovenent of this inadequacy
1s discussed,

Introduction
In weightlessness, by the almost ab-

sence of the gravitation force conditlon-
ing on the earth surface the thermo-
boyance of the heated air, increases the
thermal insula tion of the surface layer
of the air attached to the s u rface of aII
bodles ( 2). Increased thernal insulatlon
of the air's surface layer impedes the
heat transfer fron the body by means of
the spontaneous convection. As denonstra-
t€d in the experinent Heat exchange-2
accompllshed on board of the Soviet orbl-
taL laboratory Salyut-6 by members of
the Interkosnos creyvs V, Remek (CSSR),
A. Gubarev (USSR), M. Hermaszewski (PLR)
and P. Klj.muk (USSR) there are signlfi-
cant differences between the values of
the skin temperatures obtained under the
terrestrial conditions and in the weight-
lessnees,

The values of the skin tenperature
in weiohtlessness are in a dressed man
aLnost-of 2 to 3oC-higher in the chest
reglon and about 2uC lower in extremities
than ln the sj.milar conditions in the
Iaboratory on earth surface (3), For the
sinulatlon of the influence of weight-
lessness on the heart and the blood c1r-
culatory system by neans of the head-down
tllt body position (HDT) applled in the
laboratorles on earth it foIlows, that
the experlmental conditions should be
completed also by the adequate changes
of the heat output. To verify the reality
lre exanlned the question: vrhat are the
values of the skin temperature and the
heat transfer conditlons in man under
HOT body pos i t ion?
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Stabi I i ty
various

of cel'l pol ari ty under
qravitational forces

Dieter voLkmann, Inge czaj a,
and Analleas Sieve!s

Botanisches lnstitut der lJniversitiit
Ve nu s be rgweg 22
5300 Bonn I FRG

- Application of centrifugal forces
(10J q) to qrowinq cress roots causes
separation of lipid dropiets and protein
vacuoles in meristematic cells and loss
of structural polarity in statocytes. CelI
division, however, is not affected. The
original structural situation in statocy-
tes is restored under 1g cond'i tions after
sone minutes, in meristematic cells after
severai hours, Division of meristematic
cel ls and structural polarity in statocy-
tes is, in general, not affected by hypo-gravity conditions (< 10-3 g). There iie,
however, renarkable effects with ljpid
droplets, protein vacuoles, starch grains
and ER membranes in meristematic cells
and statocytes respectively. The results
demonstrate the high stability of cellpolarity in a |iide range of gravitationa'l
forces. Furthermore, they show that hypo-gravity conditions are more effective .in
plant cells than hypergravity conditions
are.

I n troduc ti on

embryogenesis. If the external factor
gravity interferes ,.,/ith this process of
cel I and orqan pol ari zati on is unclear.
This paper investig.tes the stability of
cell polarity under various gravitational
forces during the development of mer.i ste-
natic cells from cress roots.

l.laterial and me thod s

l,leristematic cel ls and
under 1 g conditions

statocytes

l,leristematic cells of plant roots produce
a number of different cell types. In con-
nection with qravity controlted grovith,

Dry seeds from cress (Lepidium sati-
vum L, ) were activated on Earth and acce-
lerated at 10J 9 (hypergravity conditions)
or they lvere activated jn orbit and eul-
t'i vated at gravitational forces <10-3 g
(hypograv i ty conditions). The samptes
we re chemical ly fi xed for e I ec tron micro-
scopy on the centri fuge and in orbi t
respectively (for electron microscopy of
cress roots see 6).

Resul ts and di scussion

statocytes as the
and parenchyma ce
gravi response are
In meri stemati c c
cleus is localize

e of graviperception
as probabl e si te of
most inportant ones
(Fi9. 1a) the nu-
the center of the

ER membra-
Both cel I

statocytes

sit
lls
the

ells
d in

cell. 0ther organelles like proplastids,
endoplasnic reticulum, dictyosomes,
mitochondria, protein vacuoles, and lipid
droplets are randomly distributed in the
peripheral cytoplasn. Statocytes (Fig. 1b)
are characterized by a polar arrangement
of thei r cell organel I es. The nucleus is
always located at the proximal cel I pole
whereas a system of endoplasmic reticulum
(ER) is visible at the distai pole of the

cell. Starch filted statoliths (amylo-
plasts) are sedimented on this membrane
sys tem. Dictyosomes, mitochondria and
small vacuoles are mainly observed in the
center of the cell. Lipid droplets are

The establ i shment of cel I pol ari ty is
one of the nost important steps during
the development of organ polarity and
asynmetry. Up to nou it is xidely unknown
which molecular nechanisms are jnvolved inthis process. It is eyen unclear how far
and to what extend internal and/or exter-
nal factors influence cell polarity. Fron
zygotes of the brown al ga Fucus for exam-pie it is well known that cell polarity
can be induced by unidirectional iliurni-
nation, at least during some hours after
fertil ization. 0ne of the first neasurable
responses after onset of illum.ination is
an externai asymmetrical current pattern
of K+ ions (for a review see 9). H.i gher
pl ants are characteri zed by an extremepolar organization of their organs. In
c0nnection with this polar organization
roots and shoots are able to perform gra-
vity control led growth. In these organs
fleristematic cells are the basis foi dif-
ferent cell types, like statocytes or
parenchyma cells etc. which are polarly
organi zed. Th i s po lar organi zat.ion goea
probably back to the state of early
s-40

mos ti y in close connection
nes (for a review compare 7

type s meristematic cells an

to
).
d

were investigated under different gravi-
tational forces.

2. Meri stenati c cel I s
2.1 Hypergravi ty conditions

I2 h after activation cress seedlings
were acce'lerated for 18 h at I0J g jn
axial direction of the root. By this pro-
cedure the storage material, i.e. lipid
droplets and protein vacuoles, in meriste-
matic cells are significantly affected.
Lipid droplets are floating at the centri-petal cell pole rhereas protein vacuoles
are sedimented mainly in the centrifugalpart of the cel I (Fi9. 2, upper cell).
l,lith other cell organelles the situation
'i s not as clear'ly pronounced. However,
mi tochond|i a and ER membranes show a
tendency for floating, too. Acceleration
at 10J g has no influence on formation,
orientation and location of the new cel l
l,jall (Fig.2, lower cells). This result
indicates that the process of cell divi-



sion, i.e. caryokinesis and cytokinesis,
is not influenced by hypergravity but it
is strictly controlled by internal mecha-
nisns. Furthermore, it suggests that cyt0-
skeletal el ements like mi crof i I amen ts
and microtubules vh'i ch dre invo'l ved in
the process of cell division are not
affected by hypergravi tational forces.

The result of eell division during
accelerations at 103 9 are two cel I types
which are completely different in their
content of organelles. The centripetal
daughter cell is rich in lipids, mito-
chondri a and ER nembranes whereas the
cent.ifugai daughter cell is especially
rich in protein vacuoles (Fig.2, lower
ceils). If roots, after this treatment,
g ro,.J for 24 h under 1g conditions
further cell divisions occur and as a

result meristematic cells sholr a distinct
pattern of 2 "lipid cells" followed by 2

"protein cells" and so on. In spite of
these si gn i fi cant di fferences at the
structural level this pattern has disap-
peared after 4 to 5 cel I divisions. This
again proves the extreme stability of
plant cells toward hypergravi tational
forces (conpare also 1). In connection
ui th thi s stabi I i ty pl asmodesmata probab-
ly play an important role. The frequency
of these intercellular plasnatic connec-
tions is particularly high in axi al di-
rection of the roo t (4).

3. Statocytes
3.1 Hypergravity conditions

Cress roots were cul tivated for 24 h

under 1 g condi tions. Then rgots were
icceleraIed for 20 min at 103 g and chemi-
cally fixed during centrifugation. After
thi s procedure the pol ar arrangement of
cel I orqanel les as i t was described pre-
viously-is completely lost (compare 5).
The posit'ion of ER membranes has changed
from the distal ce'l I pole to longitudinal
cell walls. The nucleus is located in the
di stal part of the cel I . The statol i ths
(amyloplasts) are sedimented close to the
distal plasma membrane. The position of
other cel I organel l es I i ke mi tochondri a 'dictyosomes, and vacuoles is not influen-
ced by this treatment. If roots of this
structural charac teri sti c are further
cultivated under 19 conditions reesta-
btishment of the polar orqanization
starts approx. T min later and it is com-
oleted after 20 min in 1q environment.
irris reestablishment of cell polarity,
horever, is prevented by the additiondl
treatment of the roots with drugs like
cvtochalasin. From these results it has
b-een concluded that microfilaments play
an important role in the establishment
of cell polarity in statocytes (10; com-
oare also 3). Simil ar resul ts were ob-
tained with lower values of acceleration
between 1O and 100 g (10). These results
prove that hypergravi ty forces affect
tell polarity in root statocytes drasti-
cally. The effects, ho ever, are rever-
sible under 19 conditions. Thus one can
concl ude that cel i pol ari ty in statocytes
'is distinguished by a high plasticity
probably due to the cytoskeleton of the
cells.

3.2 Hypograv i tY conditions

The potar arrangement of cetl organelles
is principally reali2ed under hypogravi ty
condi tions (compare 8). The nuc'leus is
oositioned it tire proximal cel'l pole, ER

membranes are located at the distal pole.
Statoliths are not sedimented but distri-
buted at random as it was expected. This
resul t demonstrates that structural pol a-
rity in statocytes is determined by inter-
nal factors. Hypogravitationa'l forces,
however, cause remarkable modifications
on amvloDlasts and on ER membranes. Amy-
lootaits shour a more roundish shape,
s tarch qra i ns are less clearly pronounced
and smailer, the amount of membranes
|i ithin the statoliths is increased. 0n
the other hand ER membranes are runni ng
'l ess parallel, they are more 'loosened'

The overal'l quanti ty of ER menbranes
is increased. These results indicate
aqain that hypogravity shotis a more pro-
n6unced i nfl uence on cel I structures
than hypergrav i tY does.

Conclus'ion

2.2 Hypogravi ty condi tions

Dry seeds fron cress were activated 'in

orbit (space'l ab missjon 0l) cultivated
for 26 h in a humid chamber and were than
chemically fixed (compare also 8). It be-
comes evident that ce'l I division, espe-
cially formation, orientation and loca-
tion of the new ce'l I wall is in general
not affected by hypogravity conditions
(Fi9. 3a). The number of irregular cell
olaae formation, however, are remarkably
hiah. Sometimes the orientation of the
nei cell wall is chanqed bY 90', a si-
tuation ,.rhich has never been observed
under 1 g (Fi9. 3b) and hypergravi ty con-
ditions. Eetlreen 2 and 3l irregular
oriented cell walls vJere reported for
microspores from Tradescantia if they are
activated in orbit. Ceil wall orientation
has changed exclusively by 90'(2). These
resul ts indicate that hypogravitational
forces interfere more effectively with
the process of celt division than hyper-
gravitational forces do.

Furthermore, smal l liPid droPlets
show a clear tendency to confluence to one
or two large droplets. This situation has
never been observed under hypergravi ty
and very sel dom under 1 I condi t ions.
This reiult indicates changes in the hy-
drophobic/hydrophi'l ic interface by hypo-
gravitational forces.

Finally the mobilization of storage
Droteins from protein vacuoles is obvious-
iv enhanced. This is indicated by a higher
n-umber of snall vacuoles in comparison
to 1 g contro'l sampl es.
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- cytoskeletal elements like micro-
filaments and microtubules play an impor-
tant role in the establ i shnent of cel l
pol ari ty.

- hypogravi tational forces are more
effecti ve on cel I structures than hyper-
gravitational ones. Especially lipid drop-
I ets, protei n vacuo les, and starch 9ra i ns
are affected by hypogravity. This might
be important for further developmental
steps of plants in a hypogravity environ-
ment.

- at present it is completelY un-
clear rhether the influence of hypogra-
vi ty affects the plant cel l at the membra-
neous, the cytoskel etal , the metabol i c,
the energetic or the regulatory level.

Ex per i nen ts under hypogravity condi-
tions (spacelab mission D1) were finan-
cially supported by the Bundesminister
f ijr Forschunq und Technologie, Bonn.

a

PO

Fig. la and b. Schemes of a meristeflatic
cell (a) and a statocyte (b). ln meriste-
matic cells organelles are randomly djs-tributed except for the nucleus which is
l ocal i zed in the center of the cel L Sta-tocytes show a polar arrangement of celI
organel I es, N=nucleus, ER=endopl asmicreticulum, A=anyloplast (statol i th),
PP=propl astid, PV=protei n vacuo'le, L=t ipi ddroplet, I'l=mi tochondri um, D=dictyosome,
P!=plasma menbrane, P 0 = p I a s it o d e s rn o s ,14T=microtubule.
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b

Fig. 2. ilerjstematic cells after 1g h ofcentrifugation at 103 g in axlal drrectjonof the root, Ac ce'lerd ti on causes a sepd_ration of the storage material. Lipiddroplets are floating in the centrjpetalpart of.the cel i, protejn vacuoles ipV;are sedimented in the centrifugal pirt.
Cel I wal I fornation {arrows) i i noi affec-ted by hypogravi ty. The resul ts of cel Idivision durjng acceleration are two cell
lypes. 0ne daughter cell (DCl) is rich inlip'ids, the other daughter cell (DCZ) jsrrch tn proteins.
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Cell moroholooical units
(membr'anes.-cvtoskeleton)
cit ttre tSfU tvo-e I and tr with
feedback (se'dond order)
regulation

l,l . Briegl eb

DMR - Institute of Aerospace l4edici.rE.
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Dedicated to Prof. Dr. Xarl-Ernst t,fohlfar-t}l-
BottenrEnn, Bdm, FRG, qr tle occasion of hi.s 65th
bj.!'$day

Scfie miniflal es of ffects on
c€ 1s

l,ltren cqlsidering the possibilities ex_istiiq in a
Iaboratory on tle grorrd to study t}le effects of
gravity cat ell structur:e aJd functioo it seqls
useful to define scne IILinirBl physical principles
for intelactions betrreen gravity ard tlte cell. In
eallier lEpers, I have proposed to use tlle -i.-t
"sEllest functional units" (Szus (l, 2, 3)). For
uderstarding gravity effects in organisrG the
application of SFUS has an heuristic value, even in
ecophysiol€y (2, 3). tile can speak about a direct
gravity effect if tlte interacting nuss or t_he
prirEry rec€ptor is located inside an SFU(tlpe I);
tE can speak about alx irdirect effect of gravity if
the jnteracting rlEss of the organisn is located
cutside an SfU (type II). this definition can be
used for analyzing gnavity effects in fiulticellu1ar
arrl cllular systens as r.811; here I iould li*e to
@ncentrate cn single cells ir'tEre I have defined
the lespecti.ve Szus as "infra-Sms', (ISUP I, II;(3); see Fig.I), A cell rEy be defoE€d or flatten-
ed b'y its qdn r€ight; I will call this f*prrcnenon a
direqt effect st ttle shape of t}le @ll ( shape taken
as a slEcial Szu (3)), ttds reaction nEy be an ac-
tive or a passive crle. If t}re ceI1 i*Duld try to
cqpensate t}le flattering effect, it ,.puld have to
IlEasure rEctEnical forces and r€uld react actively
witn the aid of its SlIs II (discussion of an exam-
p1e in (4)). The basis of the reactj.on nlay be tlte
qatoskeleton together with other functional e1e-
rents of ttle ce1l. Without using a specialized 9-
receptor, t}le cell tleoretical ly has - afte! a oer-
tain crfiputation - inforlrBtion about [Eqnitude aJd
direction of gtravity! - ReaL gravireceptors can be
fowd ir crrtain free-livirg cells of tlle fardly
Iot(odidae (ciliates); acording to tlte definition
these receptors are lszus I (s€e Fig. 1). Ol t}le
ottler hard. ttEre rEy er<ist also rnspecialized or
unploved specialized Szus I for acti!,e g-reaqtions
(geotaxis in Physarun (4), or tlp centriole (2,5)).
- Sclletfues the discrimiJtation between an actlve

or lEssive leaction 'r'i11 be diffiolt. TiErefore, I
reuld like to prolDse ttle follo^,ing definition: An
acti\re reaction is t-tE attsrpt of t}le cell to re-
gain a disturbed (actual) value of a regulated
structure or function (with feedback, se@rd order
regulation). h a passive reactiql, tle cell i.s not
able to IIEke a correction of a dErged or disturbed
actual valire of a regulated strusture o! firnction
(tditllout feedback, first orde! regulation), also

s-,{4

stimulating
tr

indirect)

bra$e

SchqrE of a ce1] l,fiich r:Ey pe.ceive directly
or irdirectly the forc€ of g. Ttre g-inter-
acting nEsses rEy be located inside (direct
influence) o! oltside (irdirect inftuenc€ )

of tie seisitive c.el1 nEtrix. For direct
effects tle prirEry recEptor nBss tEs to be
nDre abnse than the rest of tle e1 I ,
iriereas for ijrlirect effects t_tte density of
t}te jrteracting rlBss is of no irportance.
In both cases t}le sensitive nEtrix fiEy be
an actively regulated configuration of the
cfoskeleton/fisbrane systqn lrhich,,feels',
rEdlanical stress. If tie cell o pensates
such a stress it sjrultaneoilsly has infor-
lrEtion about direction ard nlagnituale of
gravity. See also (16).

contact surface
of interacting
masses fof

Fig. 1:

because the ce1l will qet nc infonnation of t.tlat
distur:bation .

There ray be also direct or: i.rdirect effects of
gravity qr ttre "rnilieu externe', (enviroruent) of a
cell. D{allples for such envirorfiental dilect arll
idirect effects trr cells suspenied in a liquid
nedilrn are: deisity @nvections in t-tle vicjni.ty of
cells caused LV IlEtaboli.c trxocesses (direct effect.q! the ervilornEnt), hydrostatic pressure, and
stratification in t}le liquid mediun (irdirect
effects cn t}Ie ervirorurEnt ) (3).

In addition to t.t€ lnter:action of gravity wit}l Szus(I and II) t!€ other llrinirEt physical principles
are of interest:
- the relative incqrpressibil j.ty of liquids and

cells bry r€ak hydrostatic pressures; this results
in a relative r€ightlessness at least fo! tie
shalE of suslFJrd€d @lls;

- -,,11e existenc.e of a ttEeshold fo! an acceleration
sensitivity of every ijrEgirEble abiotic process
and regul-ated functidr ir a livj.ng c€Il. In cells,
accElelatj.on influerces biich can anly be effec-
tive on dense particles ( includinq ions), organ-
elles, ard cc.I[)artrF-nts, fEle to be taken illto

eptor

SFU
rect )

mass
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accDlrnt. Stokers 1aw, (describing the scale ef-
fect in tie microscopic lange! ) ard Blo,nian
tlDvellEnt of such dense elsrEnts allou the ca].cu-
lation of tlEeshold values, belcr, $tich tltere ex-
ists a fungtional og-state (6, 7). For tlle "rechan-ics of soE11 elqrEnts of tl1e c€11 Lhis th-reshold
!a1ue rEy be in tlp range of Lg or even higher
(8).

EARIH-BORNE MEAHCDS FoR' AMLYZI}.]G C-FFECTS

Bearing in mind the above-rrentioned rltinijrEll physi-
ca1 principles of g-effects it is relatively easy
to defhe cell e'aperirFrts wirich nay reveal or fir.ty
be helpful in analyzing g- or og-€ffects. theoreti-
caI1y, gravity nlay erhanqe or iihibit different cell
functions. Therefore, bry changing t-tle jnfluence of
9, beneficial or detrijrEntal. effects should be ob-
served. At least t\^D differert nEtllods of dEnging
the g-influence dt ce1ls can be used:

- Variation of t.tle hydrostatic pressure (Veldhuizen
(9): Reactions of bone cellsr)

- variation of t-lte directidr of the g-vector or
increasing lts nBgnitude.

Concerning tlle last poirt a systqn of experifEntal
corditions my be established (cf. Fi.9.2):

A. Observation of oel1 cultuies o.l free surfaces
ln 1yjr9, hanging or !€rtj.cal arrangqiEnts.
1. Observation of celIs on a lDrizontally posi-

tioned substratun before and after an up-
sj.de-dorn turn; a vertically tiltable light
dlicroscolE will be weful (Todd, cited in
(9): Orientation of the mitotic aFrFEratus;
Block et al. (8): Ctrange of clontraqtion
rhltllln ijr PhysartIn) .

2. observati.on of surface olltules ql a velti-
cal1y positioned substratun during its turn-
ing - perfor:[Ed in intervals - about a tDri-
zontal axis; tiis can also be perforlEd bry

lrsing a holizontal microscope, (tlolke et aI.,
ci.ted irt (4): ceotaxis of Physan-m) .

B. Orse^,'ation of freely $rirming autonoDusly
rrpving €lls.
1. Cells contaj-ned jn a vertically tiltable test

tube with j-sotropic corditions eJ(cluding
qravi.ty (Jennings, cited in (I4)r C€otaxis
iJl ParanEcia).

2. Use of a horizontal microscope ard its turn-jrg in intervals about its optical axis
{Fenchel et al., cited in (I4): Geotaxis ir
Ioxodes ) .

C. Investlgation of correlated gravi- and CDto-
taxes b!.' adjustiig an organisrn - Fossi-bly with
tlle aid of a thir:d taxis (rheotaxis ) - fo a
vertical position. During stimtlation t ith light
frc.n alterrEting direc{ions in a horizontal
plane, g,eo--ar!l phototaxes are decor.rpled.
1. EeerirEnts conlucted with fish (voo fblst,

ci.ted in (10): Dorsal-light reactlon; Seibt
(10)r Cj.rcadian rhytlm of perforrnance).

2. Attqpt to apply tiis principle to ciliates
(aId Physarun) .

D. Dq)eri.rrFJlts perfonrEd dr continuously rotating
platforllls.
1. Platfor[E wj.t}t vertically positidEd r*leels.

a. Plant seedlings qr a horizontally posi-
tiqted disk (Knight 1806: Ploof of gEavi-
tropi.sn) .

b. Cells attached to a horizontally posi-

6ilvtly ttLrrtD ttpttt,tcils pttfoa,ttD ot tNt 6toutD

turns rn rnrervals ol rne soeclien.ndlor suostratur

,'.)
A

A.B

F =- - - <

sready lurns or the sp€crDen and subslratui

D

I
t)-

I -,t9

c
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J

Fig. 2: SchenE of possible variations of t}le influ-
enc€ of olter accelerations ql g-sersitive
(ceLl.ular) syst€rrE. An eJ<ception is sllorn
in C wtEre there is rD relative rD\renEnt of
tlle g-vector Uith respect to a g-sensi.tive
tuming systsn. See also text!

tioned disk ( free surfac€) or susperrCd
in a orvette; investj.gatiqr of a prefer-
ence belEvior of rlDtile cells withh t]le
acc€leratioo gradient (Vlohlfarth-
BottenEnn (11): Dperimerts rith
Physanln). Cqrbirlatiql witi 2. !

c. Conventional orvette centlifirges (Schatz
et aI., cited iJl (2): Eigh g-tolerance of
qrbryogenesis of Ascaris; @oIi ( 12 ) :
Lytlphoqate activation) .

d. I-o, and iligh speed c€ntrifuge microscolEs
(Kuroda et a1., cited in (14): C€otaxis of
Pararecia; l4oloz (13), Brieqleb: Techni-
cal proposals).

2. PlatforlE witi horlzontally positioned wtleels
= "ClirDstats"
a. "Slcrr-rotating cliro€tats" (Pfeffer 1897:

Elimination of glavitropisnt tbnsel et
aI., cited in (8)t Destruction of stato-
^+6c 

\

b. "Fast- or rapidly-rotatirg clirpstats"
(1tu11e!, cited in (7): og-siftulation for
the \restibtlar fiDcticn of the hurEn;
Briegle-b et a1. (1): Clinostat micros-
copy, aryhj.bian q$ryogeresis, gerEtics
of jnsects; Block et aI. (8): G-sensj.-
tivity of Physarun, EsnrErsbach et aI.
(14) : G-sensitivity of PararEciuh;
@oli. { 12 ) : hhibiti.ql of lFplEqfte
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Out of the abol,re-iFitioned techniques or llEthods
t}le tittable or turnable microscopes need the
greatest oerti.on. To date it sesrls tlEt !.or1d-+,ride
t tiltable !€rtical m.icrosclpe does not erdst;
until rpw rpt a single centri-fuge miclosco[E seens
to exist in Europe ! Por preparing celt experijrEnts
in space ard fo! performirg t}Iqn ir space 1ct"r-speed
centlifuge microscoiEs appear to be extlglely
necressary. I have proposed tie construction of a

lo^,-speed centrifuge [dcroscoP to the Gentan
qEce authority. rn my laboratory t",o cl inostat
microscopes and different clvette- or test tube-
clinostats llave been construsted 'rhlch are horking

'.,e11 since several years.

activation; Scbick, cited in (2, 4):
Thresholal for geotropisn and correLated
ce1l. structure; shortening of mitotic
phases ) .

c. Clinostats w-iti several nfieels (Gordon

et a1., cited in (15).
3. CqrbinatioDs of D.1. ard D.2. (Goldon et a1-,

(15): Threshold of geotropisn).

tjrcse cj.rcles will approach zero. sijtultaneously,
t}Ie rs^, unidirectional or radi.al vecEor of tle
centrifugal force t ill drive the particles to the
periphery of tlle container. this folce, ',{ttich &-
perrfl or tne slEed of rotation ard the distance of
ilre particles frcrn the rotation axis, trEy be glEl-
ler tl1an t9 at ttle Priphery of the contai'ner ard
- at any speed - it will terri to go to zero rEal
the center of rotatioil. So, ji a certah area
$irich depends on tlte physical clEracters of ttle
suspension anl tie lotatlon speed, the ceitrif\.qal
forces wi.Il be m.rch snaller than tlte forc€s of the
tierlEl activity of the liquid. In such an area, rP
c'oncelvable g-sensitive pl@esses, filay t]ley be
abiotic or biotic, can be affected by gravity or
can "lErceive" a gravity effect. consequently, the
diarrEter of a rotating cylinder, in Hhich tiese
corditions are fulfilled, deperrls on the ac!€lera-
tion sersitivity of the observed systqn. For cellu-
lar systsns, wtrich have no nDrpholcgj-c speci.aliza-
tion in tij.s respect, the diarEter of tie cYlinder
wilt be a few fidl lirEters (8). For specjjrEns with
specialized g-receptors, e.g' qnbryos of verte-
brates, tie Og-sifiulatron on a fast-rotating
clinostat is rather fuperfect, but ti'ny nsnatodes
nlay be of interest. On tlle contrary, nearly every
kini of cell culture can be exarlined i'n thin tubes
on tlle fast-rotatiig clinostat.

The fast-rotatinq clinostat

Because of tlle great interest tlte fast-rotating
clinostat }las gained today, I ,nDu1d like to give
- in qualitative teftrs _ a short survey of lts
physical princi.ples and its appl ications; tie re-
slEctive fiEthqrEtical calq]lations'dere lrEde by
schatz (7) and silver, cited in (8). I !.,ould like
to start with t}le folloring statqrent I

urder ideal corriitj"ons ttle cl inostat produces a
condition of perfeqt functlonal leightlessness.

Hc do I define functional vreightlessness? It is
achieved, r.rhen an observed function behaves theore-
Lically ard bv cbservation in the sanE rEnnel as
under real v,eightlessness. - Her:e r have to make
trro assurptions: rn a living cell, the j.nfluenc€ of
gravity only leads to a certain relati\re displace-
IIEnt of different dense particles or: cqrpartlrEnts,
i,hich ftay result in pressules, tensi.ons, or a
dEnged topology. Both practj.ce and calculations
dsrDnstr.ate tiat tlle fast-rotating clinostat can
prevent tllo6e dislocations rtrich otieneise rrculd be
above a ttEeshotd of perception. As already Ilen-
tioned every irEginable process @currirg w'ithin a
c.e1l llas an acceler:ation tlEeshold given by the
ttlernral activity of its c},tosol. - A second assulp-
tion j.s nBde: A functional og-stnte cn the clino-
stat is only achieved, if r.eak hydrostatic pres-
sures vrill not influenc€ ce1l functim. ltrn, also
tlle shape of a sultrErged cell is rlot j.nfluerc€d by
gravity. tlcrJ, if there is any effect of gravity on
the distribution of dense particles irside t}le ce11

above the ttEeshold gi\,en by the ttlemat activity
of the qatosol, tie clinostat rri)I elimirEte this
ef fect.

Ec*,/ does the clinostat lroik? The lrlai-n precondi-
tion for: the functioning of tie clinostat is tllat
the cbserved system can be descri-bed as a suspejl-
sion. ltle conte,nts of a cell may also be described
as a suslEtrsion. If a susPnsion is kept in a stiff
and her[Etically closed container and is rotated
about a horizontal ly positj'oned axis, tien parti-
cles ia'iti a density higher t-}lan tllat of the liquid
of t}le suslEnsion will start to fiDVe ard will
fo11@,, tlte g-vector. lf the densj'ty d.ifferences
bet!.reen tlte particles and the liquid are snal1 ard
t}le l.lquid has a certajn vj.scosity, ther, at a lcrJ
levolutiolr speed of ttle clinostat, gr:avity will
folce tlle sedirEnting particles on cilcular [Eths.
If the rotation slEed increases. tlle d.ialEters of
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For exaninati.ons of c€lls in the clinostat nicro-
scope r{e have de',eloped speclal chanbers which
alto,, nearly all kinds of cbservations under condi-
tions of functiorEl r€ightlessness just as in tie
norrial \rertically positioned microscoP. - witi ttle
aid of tie test-tube clinostat as rrell as with the
cLinostat nicroscope l.e IEve found certain changes
of functj.ons in dj.ffereit t!?es of cells lli 4, 8,
14 ) . l.4ost of tiese effects i.'ere rpt &tli.IrEntal and
in case cqparable ejqEr:fi€nts tEie [ErfonrEd in
spce, t}le effects t,,eie of t}le salle quality,
e.q. (12).

$ro tFical objections repeatedly are brought for-
rard against ttle fast-rotating cLinost-at:
- sedjrEDting partj.cles should be accelerated in

sinusoidal intervals! This i.s not the case as
Iong as the particles sediJrEnt with a steady
speed w'ithin tie liquid of t}le suspension. Only
if t}te particles still nDve on circlllar paths
(s]o^, rotating clirDstat) ard if they llDve near
the !€11 of the cu\,€tte a sinusoidal acting forc€
produced by sulErposition of gravity atd tlle
c€ntli.fugal force is pressing tlern to tl.le t€11.

- Cells jn suslEnsion will not rotate ,r-ith tlle salre
velocity as tie liquiall This is only true for a
fraction of a secord after the clinostat has
reached ies firEl lotation speed; t}lis sj'tuation
can be a little bit changed deperding q! tlle
density of the c€lIs ard the liSuid.

Conclusion: The fast-rotating clinostat has - for
physical reasons - the sarrE exceptional lDsition
for investigating certain abiotic ard biotic speci-
trens as a real spac.e fIj.ght. Gravisensitivities of
cells fiEy be revealed by using tle IIetMs in the
above{€ntioned systsn of nEthods including t}le
sl.crr-r:otating clinostat; but tjle behavior of c€1Is
in ( functional ) rteightlessness can qlly be investi-
gated qr the fast-rotatirq clinostat or in space.
Gravisersitivities detect€d wit}l fiEthods other ttEn
these latter ones have nothing to do uith a pos-
sible g-deperdency of cE1l functions, in case ttte
cell rEy function quite rlormally in uEightlessness.
- For investigating the effects of g on evolution
of c€lls only f1q,n and experijlEnts dl tlle fast-
rotating clinostat are useful.
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OOES VECTON.FREE GRAVITY SIMULATE MICROGRAVITY?

FUfiIC'IOI{AL AND MORPIIOI-OGIC ATTFIEUTES OF

CLINOROTATEO NENVE ANO MUSCLE GROWN IN CEIL CULTURE

Rspha.l Grurncr aod Glen. Hoeger

oepartmcnt o, Phy5rology
Unrver3ity ol Arrzona Coll6ge ol Medrc.n€
Tucson, AZ 85724

Cocullured &!gg!! neutons and lnyocytes were subiecled
lo non-veclorral grav.ty by clanosttl tol.taon to
determrne rt mrcrogravrly. durrag space ll,9hls, may

aftecl cell developmsnl and communrcattonS.

Clrnorolaled cells show?d changes consrslanl *rth lhe
hypothesrs lhot cell drflerentratron, rn mrcrogravrty'
rs altered by rnlerlerenca wrlh cyloslalclon_relaled
mcchanrsms We tound: ,ncrease! rn lhe myocyle dnd rt!
nucloa, area, "tragm€nlatron" ol nucleolr, apPearance
ol nsuolrc "aneurysms". decleascd Itotth 'n tha
presence ol "lrophrc" faclors, and decraasad yolh
ulilrz.lron The ?lfects were most nolabl.6l l-10 rpm

and deg.nded on lhe onsel and duratron ol rotatron.
Some pdramrters ralurned lo ncar control velues wrthrn
48 hrs aflcr cessalion ol rot.lron Cells trom
culturas rol.led at highar spcods (r50.pm) appeared
compa,sble to controls. Compcnsalron by ccnlrltugal
lorcc! ma, accounl fo, thrs ltndrng Our dala arc
consrslent, rn pr.nfiplc, vrrlh ellects on other,
llrghlod c.lls and suggesl thal "vector-tr.e" grav.ly
may srmulalc ccrtarn aspecls ol mrc,og.avrl, The

drstribution of ac?lylcholrne,eceptor aggre96les, on
myocyles, *as also altercd Thr! rndrcates lhal b,arn
devalopment, rn mrcrogravrly, may elso be arfccled.

larva at slagca l7-21 end grorn rn culturc as

praviou3ly dclcribad (Andergon a Cohcn, 19791 Gru'n'r
€i al l96O: Gruencr. 1985). Call5 warc 6llowcd to

altach to collloan_co6ted gla!! covar3lip!, which
compriso the tloors or thc chambers, lor 4_6 hours
prror to clrnololalaon Cells rrore grown in plat'ng
medrum contarnrng se.um or in dclined mcdium
(l-echlettor a Gruen.r, 1985) wrth rnd withoul
supplem€ntati06 wilh lrophrc subslanc6! [cmbryo
e)(lracl (Hartus .l al., 1985)t lemrnin (lranthropc et
al., 1983; Landcr €t al., 1985)l Microorlvrtalional
srmulatron is crr ed out using cllnorotalion aboul
lhe hoizootrl plana rl spccds ol ranglno from I lo
1OO r9m Colls rot.t.d p.rallcl to th. vcclor ot
gravily *ere rnda3trnourshable from statronary
conlrols, lnd scrved !3 mollonrl ard vlbralronal
controls. E)gosure lo clrnorotetron laslrd from 16_60

hours. Ihr5 trme is sullicrant to allow cells lo
p,ocecd lhrouoh thcrt onlogenelrc malutatron rn

cullure. groduce slrralrons or neurrl€s and develop
lu.clronal syoaplrc conlacls (Xr(tokoro a Gtucner'
1979). cells d,e observed rmm?clr!lely slter removal
lrom lhe clrnoslat usrng phase-contra3t vldao
in'croscopy Oala wcre obllrnod from at lc8!t l20
experimontal runs and sampl6 srz?' tor a grvan

condrlron, etcoaded 600 lor morphom€trrc analysrs.nd
8O for assessment ol synaptrc contacl lormalron To

delermrne rhether development ln veclor'free gravrty

allers synaptrc developmenls the lollo*rng tagrme w.s

used. Srr hours alter seedrng ol lhe myocytos on

collagenated coverslrps. drssooaled sprn!l neurons

were added and allowed to procluce neurrtes for an

addrtron6l 6 hour5 Al lhrs lrme, neurrlrc growth was

normally not suftrcrenl lo rasult rn ncrve-musclc call
contacl Th. s€aled cultule dr3hcs wera then mountcd
rn the holder ol lhe cl'no5tal and rolated al erther I

o, lO rpm for a perrod ot 2{-60 hIs Eecausc Ihcsc

calls are rrchly endowed wrlh yolk f,lalelets, wnrch
grovrde lhe cells *rlh met6bolrc encrgy' cell gtowth,

maturatron and functronal rnte16ctrons 16ke placc

under vrrtual snac.obrc condrlrons al room
temperalure Aller rotatron, cullurcs were rncub6led

wr lh rhodamrne-labeled c( -bungalotoxrn (Collaboratrv€

Rasearch, Eug?oe. OR) Acetylcholrne receplor
a0gregales, rn hol spols and rn nerve rnduced palches.

*e,e vrsualrzed by lluorescence mrcrosaopy

Ouanl,tatrve morphomalry tas a(compl'shed by us€ ol
comp'Jter-ass.5ted soltwate (Sroquanl"t n & M

Bromelrrcs. Nashv,llc. TN) Slatrslrcal srgnrfr.ance
wa! ass€ssed by srngle and mullr_varrale ANOVA and by

Studenl. I lesls

Resulls
The lollo*rng changes were consrstonlly obsa,ved

subsequenl to clrnototalron: rocreas€ rn cell and

nuclear area, "lragmenlalion" of nuclaolr. appearance
ol n€urrt'c "aneurysms", decr€ased neurrte 9rowlh
desprle the presence ot "trophrc" taclors. rnd
decreased ulrlrzalron or yolk Wa also found lhal
clrnorotalron of non-rnncrvated musclc cells ts

associaled wrth a marked reductron rn lhe presence ol
fluorescently labeled c_bungarolorrn srtes. ln

addilron, rnnerv6led myocyles were only sparsely
labeled rilh lhrs probe tor the Acelylcholrne
receplor, at lhe contacl raglon betreen lhc nervc and

lhe myocyles.
Thcse cffects werc most pronounced 6l low

rotalron ratc! (l-10 rpm). and depended on lhe trmc ot
ons.t lnd tha duralron ol rotatron. lnlcrestrngly,
some paramel€rs appearcd to ralurn loward control
values wrthrn 48 h.3 attcr cessalion ol rotation
Table I shows chan0es rn cell attrrbulca 6lter 2l hrs
of clinorotalron.

lntroductron
I!!9!g! nerve and miJscle cocullures were grown

unde, coodrlrons ot veclor-tra. gravrly by use ol
clrnoslitt rotalron Ho.rzontal rotalron, ol culturcd
cells. resemble5 mrcrogravrty encounlered rn space
bec6usc ot lhe c6ncellalron ol the !ector ot gravrly
consequenl lo conlrnuous averrgrng. Ihus, lhe
3ubstrrlc-allached cell surlaca, normally exposed to
lhe unrdrreclronal lorce of gravrly, no* expar.ances
thrs rorae as a veclor-tree rreld- lva used thrs
preparatron lo determrne whelher lhrs 5rmulatron ot
0rrcro0ravrll mrchl sflecl cellular developmenl and
cell-coll communrcalio s bel*een neurons and the
largct ce lls

Our sludies shox/ lhal clrnorolatron rs assocrated
rith srgnilrc6nl change5,n cylomorphomelr rc

attributes of emblyonrc sprnal nourons and myocyles.
Compari3on ot th.3. resulls lo publrshed dala on other
ccll types, atler orposure lo real mrcrogr.vrly rn

spacc lli9hts (e.9. Cogolr, Planel, Brregleb,
Monlgomery, Talas), reveal many srmrl6rilras aod are
con5rsl6nt wrlh our woatrng hypothasrs lhal €xposure
ot dovoloprn! c.ll3 lo m,croqravrty 6llers lheir
develogmenl by rnlcrleftng prlh rnt.a- and t.ans-
ccllular machanisms whrch may bc madraled via

Oravitational perlurbations o, the cyloskelelon.

Mater rals Bnd Msthods:
Nrrv. and muscl. cells were ,50lat.d lrom I9!9-e!S
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Trblc l: Etrcctr ot Clino,olation on Call lorphotElry

Ncl Arlr
Nrt LnCl
Anr Frcq

50rpm
3 630

302

9t

dotcctablc ncrvc-rndqccd patcha!. Srmilarly, only 35l(
of such myocytea, frod cultorc! rotrtcd at lorpm had
ncrva-induccd pllchca. A parrllcl rcduction in tha
rrca of lht AChR prtchcs 116 also !acn. Norvc-iducrd
patch arc!!, in myocyta! trom lrpm and l0 rpm
culturag, wcra raduc.d lo 32* .nd 4l* ol conlrol
vrlua!, ra!p!ctivcly-

ctr
3673

307
36

l3a
I

ll.p!
a05l

337
4t
96
21

l-9l.co
a{lE

376
41

r05
t8

!n2
rm2
v.,3

Nolc thrt rotrtron rt 50 rpm 3howrd virtrrally no

!ionificanl chlngcr rn ccll rllribut.s whcn comptrld
lo cont.ol!. Chlngca in thcac ccll 6tlributa! wcrc
liokod to thc limc of clinorolation, rl ! !ivcn spccd.
For cxrmplc, tobla ll shows ch.ng.! in myocyte rraa a!
! funclron of the durdlion of rotation, and rs pcrcant
ot lho time-matchcd conlrol volur3.

Myo:myocylat l{uc:nuclcuJi l{cl:nuclrolrrt Nrt:nauita
Anr:anaurysmi Lngt=lcn0th; Fr.q:tr.qucncy.
CTL= control

Tabla ll: Effocta ot Dlrrtion ot Rotation on
llyocytr Ar.r

lrpm
l0rpm

108
:10

't 1t
112

124
128

Data ara sho*n as parccnl ol control vrlua!

Similar trcnd! wera ob3erved fol other
paramatcrs. Foa erampla, tht lraquancy o, anGurysms
(larqa, irrcAuldr varico!ilie!) along neurrlic !h!fts
increalcd from . valuG ot l29x ol control afla, lohrs
roialion lo a valua ot 381* aftlr 4ohr! rotation !t
lrpm. Addition of trophic factor! (a.C. xanoou! cmbryo
cxlracti llminin,20!M) did nol prcvcnl lhc changas
induc.d by rot6tion ol call3 rn thc normal platrn0
medium (coolarnrnC 5* serum alonc), ln conlrasl,
allowrng cultur05 to,acovar from rotatton by l6avlng
lhom !l!tionary for variou! "aest" pcarod!, aflar
cossation of rolation, rpPear.d to parmrl tha relurn
ol allrred coll atlribulcs toward control values Thrs

?ffect is sholn in l!blc lll lor myocylc ar.6,
Cullura! *erc rotatcd tor 36 hrs and gx6mrncd allet
the "rr3t" p€riod indicated.

Ttbla lll: Myocyl. Arcr in Rolltcd lnd Rcltcd
Cullurcs

Di!cussion
Our rcaulls damonslalta lhrl clinorol6tron, rl

low 6pc.ds. i3 a!!ocialad wilh changcs rn c.ll
morphom.try and in th. ability ot myocyt6! to
adaquatoly rclain synaplrc rcccplors and lo accumulatc
Such r6c6plors noar ihc synaptic zonc. Thcs6 chanCa!
indicale lhal c.ll grorth in a vcctor-lrcc ?nvironmcnl
altar! cGll struclurc dnd tunction and ats
intarccllul6r interaclion!. lf clinorotalron is
accapled as a laithful model ol lnicroCrrvity, thcn rt
is prcdact6d thal c.lluh. proccaacr (luring
devalopment may b. scv.raly afrcclcd consequcnt to
erposure to microCravity. For alrmpl!, oirr frndan0s
concerned wrth th. distributaon ol acelylcholine
r€caplor patches rn both rnnervated 6nd non-rnncrvalcd
cell5 rarsa thc porsibillly that lhc !brlrty ol musclo
cclls to inscrl such r6captors In lharr mombrlnag rrll
bc rcduc.d and th.ir ability to raspo.rd to nauronll

cu.3 to accumulala such rcceptors at lha dcvcloprnC
SyMpsc mny also bo compromrlad. lt i! also possrble
lhal lhe clpdcily ol nourons to ihduct rcctplor
accumulalion, lo tha pornt o, ncrva-muscle cootact,
may !l30 be imparrod ll is nol.wo.thy, horevor, thal
for th.se c.lls, clrnoroldtron al higher gpaeds
()l00rpm) and "restrng" ol cells atler rolat,on,
permrls recovcry ol some of the sllered morphologrc
paramclers lo near normal values Thesa findrngs
succest that the "mrcrog.avrty-rnduced" eftecls, wc
obscrved, are revcr!rble Such trndrngs ar€ consislenl
rilh the attrcacy of mu3clc erarcrse aooinst a load
virlu6ll, elrmrn6ling the alrophy observed In llrghl
crew allcr prolongc(, exposure to mrcrogravrty rn

space.
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IN VITRO INIERFERON PRODUCTION BY HUMAN

I,YMPIIOCYTES DURING SPACEI'IIGHI

1. Microbiologj,cal Research Group of the
National Instj-tute of Hygie[e, Budapest,
Hr.rngary. 2. Medi.cor 'ivorks' Budapest ' Hun-
gary. l. Institute of liied.ic o-bi ological
Prob1ems. Iuoscow, USSR.

Tbe experinent xas carried out during
th.e Hurgarian-Soviet spacefLight anat re-
peated by the Roumaniatr-Soviet cre$
aboard the space station Salyut-5. Hu[ran

lymphocytes seperated fron blood, o!
heaLthJ alonors ard irterferon inducers
nere placed separately into a special
equipment. Interteron induction lras car-
ried, out by the coffnonaut in the space
laboratory. Interferon titers of the
llight sa.mples proved to be 4-8 tlmes
higher thar those of the slmchro-
aoua ground, collt3ols. ],lrnphocytes iso-
Iated fTom cosmonauts after spaceflight
Bhoxed alecreased act j.vity.

Introd.uc ti on

Materials and. nethods

The equipBent !,Interleroarr xas corEt-
ructed by,rlvled,icor Works rt. nlnterf eronrl
equipmeat conslsted ot a sma1l Betallic
box yij.th a metallic reck where 10 pLes-
tlc tubes nere placed. Eight tubes rlere
prorrided with head-reservoirs and plun-
gerB, two tubes lrere closed by acrew
caps. The heBd-reservoir was seperated,
from the tube by a one-way valve opening
j.nto the direction ol the tube by rota-
ting the p lunger head.

The experimeats were perfoflned. unaler
speceflight conditions and on the Earth
sinultaleously (grourld control) uslng
neteriels of Ldentical origj.n.

Seven hours before launching the tu-
bes of ,,Interferonri equipments nere fll-
1ed with hunan lymphocyte suspensions,
and. the head-reservoirs uith interferon
inducers. The flight equj.pment lraa tra[s-
ported to spece laboratory Solyut-6 by
the cosmonauts, Interferon ind.uction was

carried out by the cosnoD.aut in the
fj,rst hour foUowlng arrival to the spaoe

laboratory, end synchronously on the
ground. Interferon ind,ucers nere ad,d,ed

to the lJrmphocyt e guspensions by rota-
ting the plurger head.s. Thea rlnterfercntr
equipnents were kept in therrnostats at
l7oc, in experiment 1 for 5 days, in
experimelt 2 for 4 d.ays. As the fli.ght
thermostat was switched off for 8 hr
daily (period of rest of cosmonauts),
the ground devj.ce was switched olf at
the same time.

After 6 d.ays eboarai Solyut-5 the
flight equipment vJas brought to Earth.

l,Jrmphoc yt e separation was accompU.s-
hed ac c ordj.!.8 to A. Biitrumi (Scand.J.CIin.
Leb. Invest.21, Supp1.97, 51-75,1986) .

CeU- viability was controlled by the
t4aan blue exclusion test itr a haemocy-
t omet er.

1 M.I61as1, I.s. r.
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L. Hiros-
I. Mozgov

the follouing lnterferon inducera rie-
re appu.ed: polyriboinosiLic-polyribocy-
tidylj.c acid (po1y I:c) ( calbi ochem ) -500

The study Eas baseal on the hjrpothesis
that speceflight condj.tions, i.e. Iowgr,"a-

vity, may change the functlons of cells
and thus modulate interferon production.
The effect of cotrpler cond.itions of spa-
ceflight on interferon productj-on ,,in
vitro'r by human lJrmphocytes isolated fron
healthy dor.ors was investigsted.

tr\rrther, the effects of extreoe con-
illtions of spaceflight on the iaterferon
proalucing capacity ar1d natural ki1ler ac-
tivity of blood lynphocyteg isolateai
lrom cogmonauts before and after space-
llight rere studled. These erax0inations
render a besis to estlmate non-specific
reslstaJr,ce o! .the orgardsm in general,

m
al1d especially vlral inJections.
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oscolr ) -500/ug,
rus, Uv-inectiva
NDV, Hertfordslli
ted by Uv-rays (

for 4 mj.n.

and Nencestle Disease Vi-
te.r (NDv-w) -1o7 ')t oro/nt
re str&in, ras inactiva-
100 W, 32 cm d.istance)

/,ugi p olyrib oguadlic-polyrj.bocytid,yli c

acj.d (poly G:C) (Instltute of iUacromole-
culer Cornpormds, USSR)-500/,ug; purifed
protein derivative (PPD) of tuberculi.n
(Institute of Vecci.Ires a.Ird. Serum control,

tubes. these results yrere confLmed by
the experimert carried out in the second
spaceflight ( Sovi et-Roumenlan) .

Interferon production ln vitro of 1yltr-
phocytes of cosmonauts nas iavestigated
before and after spaceflight. One day af-
ter landj-ag a alecxease of ind.uced inter-
feron prod.uction wa6 obEerveali ln Bamples
of both cosmonauts interferon levels were
fould to be merkedly lower than before
fUght. Six days after retur:n to Earth
one cosmonaut's llrnphocytes showed. a ten-
de[cy to D,omelize interferoa producti.oni
elmost the sane level of interferon pro-
d.uction as 12 days before flight could be
observeai. Llrmphocytes of the second cos-
monaut produced 1ow quartities of inter-
feron 5 d.ays after flighti the saJne 1eve1
as I day after landj-ng wag measured.

Natural klller actlvity of the cosmo-
neuts' llrnphocytes isolated before anal

after spaceflight showeal individ.ual dif-
ference8. Comparing the natural killer
activity 1 month before orbital flight
and 1 day after land.ing, an about 4 times
lovier value !,ras observed. in both pilot's
sajnples after flight - independently of
the Ievels before flight.

fhe experiments perlomed proved that
hunan lytrphocJrtes are sensitlve biologi-
cal objects to stud.y low gravj,ty elfects
on a ce1Iu1ar 1eveL. the results obtained
show that factors of cosmic flight inf-
luence interferon production by human
lympb.ocytes.

ID,terferon induction itr c osmonaut s'
llrmphocytes ,,in vltro" was carried out
aa follows: venous blood fron the cubital
vein of the cosmonauts was taken twelve
days before spaceflight, and I and 6 days
after returIl.ing to Darth. A suspension of
5xloo/m1 lymphocytes 1n Parker's med.iur
c or.t aiLing 2% toetal calf seru.m r,ras prepa-
red. NDV-UV was used, as inducer in a dose
or to5 ' lr,n,oltoorur.

Assay of lnterJeron: antiviral activi-
ty of lymphocyte supernatants was carrieal
out by the adapted cytopatllic effect-in-
hibition test described in detail earlier
(iri. Benczur, et aI. Clin. brp.Irurunol. 39,
557 -562,1980) .

Natural killer (NK) ectivity of lymphe
cytes iraa deterdned by the method of Ry-
kove et a1. ( Irnmunol ogiya 1,17-2L,1981).

Result s

Assay of antiviral activity of flight
Bnd ground,-control sanples showed. that in
every tube wbere inducer wes ad.ded inter-
feron production could be demonstrated.
Comperj-ng the antiviral activity of figbt
samples to that of their correspondiDg
ground controls, an increased interferon
production ia the flight s8fip1es cou1d. be

observed. Interferon titers of the fligtrt
saJtrplea were 4-8 times hi8her than those
of cortrols, i[dependently of th.e inducer
uaed,

Visbj.lity of lymphocytes of lLight
samples on the Ist dey after land.ing nas

5A/,, in the slrnchronous Sroulxal controls
70%, il comparison to 98% viability of
cells in suspe!.sion before fiUj,ng the

The Physiologisr, vol.3l, No. l, Suppl., 1988 s-5 r
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Teble I. Eukaryotlc ceII cultivatlon experl-
ments tn apace,

CELL BIoPRoCESSING IN SPACE! A?PIICATIoNS 0F
ANAI,YTICAI, CYIOLOGY.

Abst!act

CeLl bloprocesslng itl space consista of
the plepaaatlon, cultlvation, purlflcation and
,.nvestiSatldr of cells and thel! ploducts in
th6 rDlcrogravlty envilon nent of orbltal space
fllght, Itreltlal acceleratlon la used as ar
lndepeldent varlable to explore the 1lrlts of
speclflc bloplocessln8 furctlons, such as cell
growth aad secletlon, glavlty-dependent pheno-
,nena ln ceIl bloreactols, ce11 fuslon, the ln-
fluenc€ of therInal convectlon on ptoceaaea et
collular dimenalons, th€ electropholetic sep-
aratlon of ce11 subpopulations and subcellular
pa!tic1e8, and two-phase paltltlonln8 of ce118,
blopaltlcles, and maclonolecules. Analytlcal
cytoloay tecfmlquea are under developlEnt for
on-olblt appllcatlon to future cell growth and
aeparation experlmenta, such a6 tho6e antici-
pated in the Space Station e!a,

CeU bloploces61n8 ln space consists of
cultivatlng cells h vltao and sepalat1ng su6-
pended cella lnto subpopulatlons having valloug
functions (see Ab6tract, above). In both
caaea, auch foatures es nolpholo8y, aecletLon,
vtab1l1ty, metabollsn, aynthesls, and gao!,th
ale 6tudled before and after proceaslng.

Revl,ew

Eukaryotlc cell8 that have been cultured
In space or separated In 6pace have, to date,
undelgone rather little quantltatlve evaLuatlon
on the Blol.Erd p!lo! to fli8ht and no evalutalon
In space prlo! to processlng, End-polnt evalu-
atlons, often lirlted, have beeo perfodned on
the ground after fll8,ht, in ,nary cases also af-
te! a storate perlod. In the antlci.pat€d cell
growth expellments on 1olg-duratlon olbltln8
craft, auch analy6es v111 have to b€ dolre on
boald. T.bIe I li.sts eukalyotic cell cuLtl-
vatlon expellments performed to date sho!,hg
pre-flight and poBt-fLlsht arlalytlcal €nd-
polnts, Table 2 llsts eukaEyotlc ceII sep-
aratlon experlretrts pelformed to date shorl,nB
type of ce1l BtudLed and separatidr exp€ll-
ment objectlve.

There Ia a need for on-board cell ana-
lytlcal capabllltle8 that are sufflcl6rtly
vGraatlle to aerve expellnelrt8 of the type6
llsted Ln Table6 1 eDd 2 aad of rnore advanced
experlnents, such a8 cell fusion experlments.
Uethod8 ale therefore unde! developmelrt that
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explolt the polrer of flou cytoDetry aa a tech-
nlque for rapld, seml-autonatlc quantltatlve
analysla of lalBe numbera of speclhens of 6us-
pended eukaryotlc ce116 and bloparttclea. Some
teaulta of curreot experlrnenta arc th€refore
pleaented belo, and follosed by a discusslon of
in-space ce1l aralysls requlrolents.

CELL TYPE END POINIS REFERENCf,

human dtploid
flbroblaBtB

(1)

l.
K.

Althou8e laboratory, the PolrnaylvaDia State
Utrtversl,ty, Unlvsrslty Pa!k, PA 15802, USA,
atrd :Uohnaon Space Center, Houston, TX 77058,
USA.

Stol.'th, nolphology,
cytogenetica, Slu-
cose conaurlptLon

Paaameclrrm
au!el1a

grovth, rnorPho'l.ogy,
den8lty, rnetabollsrn

(2)

hurnan lymphe-
cytea

blaatogenic lesponse
to,nltogen

(3)

htlloan lyrphe-
cytea

lnteafelonploductlon (4)

rat pitultary
cells

SaoHth hornone and
plolactin release

(s)

human kl,dney
cullures

attachnent to beads
rTrorphology

(6)
<1)

Table 2. EukeryotLc cel1 sepalatlon expeElmenta
ln apace,

CELL TY?E OBJECTIW REFERENCE

teat reaoLutlon

teat leaolutlon

lsotachopholesig

frc6 flow test

frmctlonal tests

furcttonal 6eparatlon

f r,IrclloEal separatlot!

( 8, 9,10 )

(8)

( 11)

(12 )

(8,13)

(13 )

(13)

!1atellals arrd Method6

cel18
Ht,Iran d.bryonlc kldney (HEK) cell cultuEea

a.nd lat antellor pi.tulta::y ce1l auspetraloas
were used In these studles, Culture nethods
ard treatrenta eere aa descllbed la earlle!
publLcattons olr cell ptoceaslng i.n space
experlments (13, 14, 15).

Cell Separatlon
Cell aepelatlon expetlmentE utlllzed the

Contiluous Flow Electrophoresls System (CFES)
of McDonnell-Doug1as Astronautlcs Co, (13). In
the caae of HEK ceII6 flactlons rele collected
lnto 10 hl teflotr bags durlng Space Shuttle
fllght STS-8 (13), pLated at 30,OOO cetts/cnl,
and Bubcultuted onc6 befole belnS subjected to
anelysla by flo(, cytoriletry, ID the case of rat
ant€rior pltultary cells fractlono ueae col-
lected dultng grormd-based sepalatlon and flx6d
lrlth fofinalln for Btalnlng L'l,th antlbodlls.

Introduction

errthrocyte
lrixture

lymphocytes

lynphocytes

lf[phoc]-teE

hutran kldney

canlne pancleas

rat Pltultary



Flow Cyton€tly
AU expelhent8 wele performed usLng a

Coulter Electrollca, Inc. "EPICS V" floe cyto-
,netet equlpped with a 5-W argon-ion laser tuled
to 488 nn and trorrnally operated ln the 50-300
nW lange. Two-palamete! llght scatterlng ex-
perLments rrere perfolr€tl on llvllrg cells sus-
pended by cnz).Inatic dLgestlot! as prevlously
descllbed (13,16,17). Collectlon angles for
foF.a.d-aug1e llght 6catter (rALS) aad pet-
pendlcular lLght scatter (PlS) tnlenslty
rneaaurenents llere, respoctr.vely 2.5-19 and 70-
110 degrees. In addltiotr, the vt dth of the un-
lntegrated PI,s slgnal pul8e ("the of fltght"
(Tof)) sas used aa an lndlcato! of cell di,a-
neter (18). Rat anterior pltultary cells lrere
atalned fluoreacently vlth antl.bodles agalnat
glovth hornooe (CH) or prolactln (PRL) uslng
the rnethod of Hatfleld and HynEr (19); ir aome
caBe! the aan€ cells uere stabed ljlth p!o-
pldlun lodlde to ldentlfy th€n as DNA-colr-
tai.nlng ceUs (20),

Results

Functlooal Stainlng of HEK Ce116
Floe cytonEtry can be used to identlfy

plasmitrogetr actlvator cotltalnlnB ce116 by uslng
a fluore6cent Btalning ,nethod develop€d by Do1-
b€are aJrtl co'workers (21). The fluoroSenlc
6ubstrate CBZ-g1y-g1y-ar8-!trethoxynaphthylamlde
(obtalned fron Erzyme Sy6tem Froduct6, Inc.)
wae rnlxed vlth HEK ceU6 of Etlaln "1593" (ob-
talned from MA Bloploducts, Inc.). CleavaSe of
the arglnyl arnlde bond r€Ieases 4-methoxy-2-
naphthylamlne, lrhich can be stlnulated to
fluoresce by the 488 !!rn llght from the algon
lon 1a6er. Fltroaescellt 118ht t.a6 detected
through a 590 nm band pass ftlter. Distrl-
butloos of ce1l nunber vs. fluorescence ln-
t€lrgIty revealed subpopulatlon6 of stained and
uistalned ce116 ( Flgure 1). Unstalned cella
ln control and stalned populatlons had appaox-
t i4tely the same lntenslty dlstltbutions (Fi8-
ure 1, top and botton patrels), Incubatlon ln
serun-free "productton medlttrn" ( 13) decreesed
cell fluoreacence, paesrnably due to the ae-
cretlo of plaanLnogen actlvators Ln thls
nodlum (Flgule 1, nlddle pu.l).

Ll,ght Scatterlna by seperated HEK Ce116
the lntegrated PLS lntetrsity !ef1ect8 the

int€fial structure of celLs, lncludlng Stan-
ulatlon, nuclear 6Lzc, and shape. For example'
glanular ce116 scatte! mole ltght perpendlcu-
latly than do aon-gEaDula! ce11s. FALS lntetr-
stty ls a neasure of paatlcle slze and, to a
1e6ser degree, refractlve lndex. Sln8le-cell
suapenalona obtalned flon 7 electlophotellc
fractionB aftei one subcuLtlvatlon from the
kldney cell saparatloB experfurEnt on Shutlle
fllght STS-8 lretc analyaed for thei! Ught
scattetln8 patterns wlthout flxinS or stalnlng.
Blvallate histogla&s set1e obtalned using ln-
tegrated Pls v6. ToF, lntegrated Pls vs. FALS,
and lntegrated Pls vs. PLs. HlstoSlema flon
tro auch fractlora are conpared ln Flgure 2, Ia
uhLch intetlat€d PI,s (granularity) and ToF
(dlan€ter) ts dlBplayed for each cell. Tlte
ce1I fractlon oa the left has nore 1ar8e, Statr-
ular cell., vhlle the fractlon on the tl8ht ha8
more lalge, non-Sratrul ar cella.

Llght Scatteri.BS by Pttultary Ce118
C]'toplasnlc gxanulatlotr conatltutea a

doDl,nant feetut€ of Dltultary ce113 (8), and
thia feature catr be uaed to edvantage vheo

acattErlng of las€a ll,ght 16 us€d as a probe.
AB ln the pr€vloua 6ectioi, FALS a,rd PI,s

hte[rsitles sere 
'leaaured 

for €ach cell and
plotted agatrat each other ln contour plota
such a5 that l! Flgure 3, vhtch t8 an lsorEtric
dlaplay of the dlstrlbuttotr of two-para.oet€r
aignals produced by the total mi.xtuae of llv1ng
pltultary cel1 types. Hh€'l the rldge8 Dalked

and aubaequertly atralysed by sntlbody Etalning,
1t lras folmd thal 822 of the "C" ce1ls con-
talned GH, 702 of the "8" ce1ls contslned PRL,

cella rere folllcula! cella, eacrc-
phag.6, o. €odothcllal ceUs (16,17).

NUTRIENT MEOIUM
r28

5l?

SECRETION MEOIUM

256

FLUORESCENCE INTENSITY/CELL

F1gur6 1. FluolalctoaG lntrnrlty d1!trl,butl@!
of cultured HEK ccllr rtatrcd for plasnlDoS.d
actlvator *lth fluorogaolc aubstaatc after
culttvatlotr ln compl€te medlum (top pa[el) o!
after 3 days In ser@-flee "productld D€dfuim"
(rddd1€ panel), compaled wtlh uutalned cells
(bottoD panel ),
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TOF CHANNEL (CELL OIAMETER)

FI8rEe 2. T\ro 6€ryIa! of bl,varlatG coDtotE
plots of cel1 nunber vs. lntegraled us (gaanu-
1arlty, vertlcal axls) and ToF (dlarEter, horl-
zotrtal axls). Left: loe-Eoblllty ftactlotr
(cFEs li91); Rlghtr Htgh DobUlty fr.ctlon (cFEs
#113).
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Functlonal Stalnlng of Pltuitary Cell8
after Sepelatlon
Reaulta of prelLml.nary €xpelLrnenta in

whLch the potenti.al of the flos cytometet ln
alalyzln8 pltultary ce1ls afte! CFf,S Has in-
veatigated a!€ shol,In ln FLgutea 4 and 5. Ihe
electrophoretlc moblllty plofi1e of the total
celI population Is shoun ln Fig. 4 (top),
Cells that statred xith fluorescent antlbodleg
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F18u!e 3, Isonetrlc plot of cell nunber (vertl-
cal axl6) vs, FAI-S (horlzontal axls) aad Pl.s
(30 deglee ax16) for freshly dlspersed cellr of
rDale lat antellor pltultary. FAIS was meaaured
tn the 2.5-19-degree angula! lntelva1, and PLS
was rneaaured in the 70-110-degree lnterval.

Concl,uslon

BloprocesslnS experlment6 of the type
deslgned for apace lesearch ale aerved by flow
cFonetry a6 their central analytlcal tool.

It 16 aaauned that cell bloptoce6slnS
experirnents of the type descrlbed above or
slmlla! one6 ulll be performed on the lnter-
natLonal Space Statlon. If so, an advanced
cytoheter vill be a vltal part of the Space
Statlon on-boald aaalytlcal capablllty. Ihtg
important, expenslve capablllty Bhould tlot be
reserved for a snaI1 trumbe! of bloplocesslng

5rot52025
CFES FRACTION NUMAER

Fl8ure 4. Top panel ! Distrtbutton of ce1l! ln
flactions after sepalatlon by CFES, Mlddlc and
bottom panela: Dl8trlbutlon of per cent GH

cells and of per cent PRL cells, respectlvely,
ln fractlons after CFES, as detErnlaed by
cotllrtln8 30,000 cells by flotr cyt@letry.

CFES GROVJTH HORMONE CELLS

I ?:.1!

FRACTION 5

l{l:--!

FRACTION 19

FLUORESCENCE INTENSITY/CELL

Fl8u.e 5, Blvarlate contout plot of dlsttl-
butloo of ce:.ls ftloro flactlon 5 (top) and
frectlon 19 (bottom) vs. FAI-S (vertlcal axls)
and fluorescelrt GH antlbody staLnlnS latelrslty
(hollzontal axls, log 8ca1e), Cells rere
obtalned flom flactlons descrlbed In Fl8ure 4,

experlrnelrta bul should be nade avallable fo! a
Lide vallety of appllcatlons, 6ome of whlch aae
llsted ln Table 3.
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BC

agalnst CH te[ded to be found ln tuo reSlons
(fractions 11-15 and 16-20, middle parel),
shl1e cells that stalned L"lth antl-PRI antl-
bodle6 $eae fo(md in lose! electrophorellc
nobllity fractlons (6-14, bottot! panel). Ftg-
ure 5 reveals lnfohatlon concernln8 the re-
Latlonships betveen homone content and ce1l
oo!pho1o8y. A contou! plot of the forwald
anBle llght acattelln8 (FALS) lntenslty of each
celL count€d vB, the loSarlthD of lts gre€ll
f luoleacence Intenslty (]-PCFL, ploportional to
coateot of aatlbody to CH) 18 6hoifi for f!ac-
tlons 5 and 19 from the profile at the top of
FlB. 4. The cel1s uere also stained '.rith pro-
ptdlun lodlde, and only palticles rlth red
fluorescence (ehouLn8 that they contaln DNA)
uere counted by the cytoDeter. The pr€donlnant
difference betreetr GH contalnlng ce1ls in frac-
tlons 5 and 19 ls that a ,najorlty of CH cells
ln flactlon 19 are large (hlehe! FAIS lnten-
slty) and constitute a ve1I deflned populatloa
(contour area marked by arrow) whereas snaller,
lesa intenaely Btained GH cells are co!!'non to
both flactlon6 (tdentlfled by '.).

Discusslon

i
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Table 3. Appllcatl@s of a flow cytoneter in
1on8-dulatlon space fllghts.
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THJ II{M,UJNC,J 03 T,TIGIiTIJESSNESS ON
C.tI,l SI&r'LntO,\

B.B. dgorov, N.L. Delone, V.V. Antipoy

anat 1'isicule' provldes structural base of
netaboliBm, etc. ('lo). cytoskeleton is
oae of the most important parts of cel].
gome ostasj. s.

therefore if in tbe conalitions of wei-
ghtlessness the form and sizss axe chang-
ed, swells are fornred, nucleus d.islocatl-
on anal spindle turn on 9Oo are regj-stered
that leads to genom activity change and
cel,1 differentiation, yro have, obviouslyt
evely reason to assert that this factor
has s.rl influence on celL skeleton.

It naturally e,ri,se s a question &bout
not only possibLe rdechenizms of this in-
fluence, but also the approaches ln the
research of this difficult task which is
closely connected with tho problem of
ceu adaptation in yjeiSht1e ssne ss. Some
oplnions about possible rnechanizm of wei-
ghtlessnesa influence on oell level ere
loown (1) but they d.id. not concern the
role of genetic cell apperatus in this
process. In our paper such hypothasis is
suggesteal end discussed.

The aralysis of results of researches
for 30 years slnce the flight of legeada-
ry Laika, the launching that opened. the
era of blol,oglcal studies in prolonged
ryeightlessness has showed that the best
results wele achieved. in the fi.elal of
i,nvestigation of ne chani-zm of ad,aptation
to weightlessness on system and orgarlizm
Level anal, certainly, Less ones were achj--
eYeal on cell end subcsll loveIs.

0n modern ste8e of developnent of apa-
ce bj,olo$r end mediclne this leve1 seens
to be the most important.

Mn short-t€rm f light adaptation ls
mostly realized on system level and cell
level turns out to be in the background 3

in long-tern f1i-ght ce1I level is ir] the
foxeg:'ound. It is necessarJr to underline
that this problem hes not only blomedical
aspect but is closely connecteil rvith fun-
damental researches and solutions of a
nurxber of practicaL points of space bio-
technolosr.

It is knoYrn that for 30 years poriod
in spece flights a great number of vario-
us exDeriments has been carried out on
diffelent types of cells - of proca.rJrotic
and eucaryotic urdcellular organizms,
cel1s of plant and a.rrinel origin ln cultu-
re and cells, fuctioni-ng ryithin one mul-
ticell orgeLizm.

Hoyeever, as it was stated above, the
effects ol iyej-ghtle ssne ss on cell leveI
were diccovered only in scverel experi-
ments (3,4,5). They \vere not found in the
majority of flight experiments. Thi.s can
be connected. with the fact that adequate
objects and research nethod.s for solving
rather d.lfficult rnethodical task werenrt
always qhozen and necessary conditlons of
fught Irot sustained.. Hardrvare leve1 of
biologicaL experi.ments vresnr t rather high
eithsr.

It i-s necessaxy to underline that the
effect of r?eightLessness was found. in ac-
tlvelJ. rnetabolazing ceIls, cells undergo-
ing d ifferentLation. It is obvious thai
cell form, ceI1 size, organell size and
subcelL strlrctures pl8y s, certain role in
its reaction to iveightle s s.e ss. [hus, suc-
cess ln findtng veightlessness effcct
mostly d.epends upon the choice of the ob-

Institute
Ins titute

of Biome d.j,cal technolory ,
of Biomedical Problens ,
trloacow, USSR

ttre infl-uence of lreightlessness ou.
cytoskeleton expressing in ceII cheng-
ings in form and size, redislocatj-on
of nucleus and vacuolies leading to
d.isturbance of genom activity and ceI1
d.i. f ferentlation yres discovered i.a ex-
periments on nj.crospores of TTad,e sca,n-
tia pelud,osa performed aboBrd space-
ships 'rvostok 3141516, Voshod. 1 ,rrcosnos 1]Of, rrcosmos 358tr, Zond 5 .
The quantity of such cells wes Lory but
it grew lyith incleasing of flight du-
ration. It j-s suggested that this is a
result of genome work ascording to new
pxogranme conparing rylttr norna. Direct
and indirect roots of weightlessness
influence on genetic apparatus of a
ceIl are consid.ereal.

Recently the increased interest to
6tuEy of biologi.cal effects of epace
flight fectors and, first of elt weight-
Iess4ess on ceI1 level has been marked
(1 ,2) .

Ihe action of this factor on cell Ie-
vel has been exposed. even in the first
experiments performed onboard satellite s
and merured spaceshi-ps. In paltj.cular it
has been shoryn on microspores of trailes-
kantia thst weightlessness may cause the
changes in forxr and size as well as some
disturbe.nces in nechalrizm of llli-tosis in
srr8ll amount (2-fr) of ceus ( j,4, 5) . A1-
though these d.ata ?ras supporled in the
last experiments (5,7,8,9) they rvere the
results of single observations. IIow, bas-
ing on the experience of genetic resear-
ches during spece rn-issions tve suggest
that this ploblem deserves apecial atten-
tion.

Ihe analysis of collected faots from
the point of view of rnodern conceptions
of celLsr architecture pernrits us to ma-
ke soine conclusions on the effect of !yei-
ghtlessness on cytoskeleton. The last one
includes a whole complex of those struc-
tuxes 'rhich are respcnsible for spatial
cell organization. It defines a ce1I forxr
takes part in ceII replacenents, determi-
nes the process of its alivision, pertici-
pates in intercetl transpoxt of oiganells
s-56



ject and research meth,odiques. 'Ie agree
lyith A.Cogolirs opinion (1) that ln the
coadition of neightlessness I'lontgonery P.
O.B. et all (11) d.idnr t recelve na.rked.
chenge s in such j,ndices as proliferationt
mobilityr morpholo6rr etc. of hunan enb-
ryo lung ceIls because these cells are
not suitable objects for Investigatj,on of
this factor as they grorY on substrate anal
rrnable to differentiate.

Ou.r researches 'aere performed on Tra-
d.eskantia paludosa nicrospores. lJe th.ink
it is rather Euitable obiect for welght-
lessness effects study on cell 1evel. Al-
low me to di-scuss its chaxacteristics in
short.

^t 
cellst division in nicro sporegene sia

this clon DractLcsII] tloesnrt forn sponta-
neous chro'rnosomes aberrations and genome
mutations. ;7e heve stud.i-ed in details tll.e
rvay of misro sporegene si s at + looct
+ 1loo, + 2OoC, rlooC, r35oo. The optimal
temperature was + 3OoC lvheD. the cel1 de-
velopment cycle ls lasting for 7 days,
while at + 20oC it increases up to 10 da-
ys, e tc.

,lhiIe watching mS,crospore deve lopment
u.nder + 30oC we describe 15 stages rvhj-ch
lrere distingueshed norphologicaLly r the
d.uration of every stage lvas defined, a
forn of nuclei, chromosones and their po-
sition i cell Yele discribed.. gonsiderab-
Ie d.ifference between stages accoraling to
these peranetres Yrere dl sc overod..

l.g. compare ssrly interfase and eerly
profase. Duration of the first ono ls 24
hou.ra, of tlre second one is 4143 hours.
the cel1 Iength in early interfase is va-
ryin6 from )2 to 34 rnlsnr nuclei diametre
is 10-12 nknr cell len8th is incresing
to 52 mkm in early profase, nuclel djie-
metre is 25 mkm.

It is known that accoriltng to e number
ol reasons 1t is impossible to measure
the length of chronosomes ln interfase
but one can suppose 1t will be conBialer-
ably more than ln netafase (10-14 nlolr).

Then hametogenese scction was divided
into 5 fases from formation of tleo-nuclei
poIlen to the rlpe one.

Such detailed information about the
object iras necessery to plan flight expe-
rinient anal analyse received. data, ln par-
tl,cular, to evaLuete what fese waa effec-
ted. by launching, landin€ factors and
rveightlessnesa in each caBe.

The experinents were performed onboard
of space appaxatus nvoatok 3,4,5,61t, tt\os-
hod 1'r, rrcosmos 110't, 'roosmos 368 and
nZorLd, 5n, Jlther plant or cutdom aten
r'rith inflorescence were taken aboard.. The
duration of the fligbt varied. from 1 to
22 days. i,lore detai.led. d.iscription of con-
ditions and riethodlques of experiment con-
d.uction is given in our r?orks (4, 12).

Sone resultE a,re shown in table 1. This
table alemonstrates that in aLl flight ex-
periments the aIlelysls of mlcrospores in
profase, metafase arrd telofase, ti?o-nuclei
pol}en discovered ce1ls differed from nor-
nal by form and sizs. These are gigartic
one-nucleus, two- &nd multl-nuclel cells,
reth-^r little cells end cells ldth $veIIs(fig. 1). ldarry cells have sveLls, especial-
ly one-nucLeus ones. Gigantic celIs are
80-101 mtm in length, lrhich is thrice no-
re thar the len€th of a normal one being
in eBrly interfase and tr'rice nlore in early
profase. Ths length of sweIIs varied from'1 mkm to l7 mlm.

lable 'l

Arnount of cells with altered shape in Tradescantia paludosa
(experiments aboerd ships rtVostok-5rrr rrVoshod-1n, rrcosmos - 110'r)

Gicantic cells
Sldp,
time of
flight

'S an-
:pIes

Tine
of

fixati,on

Arnount
of

ce11s

:mono- :
:nucl,ei:

with 3 two- ;'multi-
s\,relLs:nucLei ! nuclei :% !^

Smal"L

Cel,ls

: Nr. % :i'Ir. % zLlr. To iltr. h i llr. 1b

Vostok-6
72h
Voshod-1
24}r

'I 4r 5 efter 100O
landfng

1 I,5 before 1000
landing

2 2 lt 15 min 1000
a.1.

J O,JO+O,22 2 O,2O

1 O, 10+0,10

5 or25!o,'11

1 011010110 - -
.1 O, 10+O, 10 i O, 10

2 Or2O 'l OrlO 1 0r1O

1 Or10 - 2 O.2O

2 O,2O!O,14 1 0'10 1 0'10 -

2000

'r o00

1000

4 0r 20 1

1 Or10 - 1

Cosmos-11o 1 48 h after 2OOO )3 1165!)12A 10 or50 7 O,35
1antlfule

52A b
2 1?O tt a.L. 1921 28 1t45!ot27 13 0167 - -
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15 0,78 -

or'lo

1 80,93
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'14 0,7o 2 0,10 17 0,85

In:
aI1:

) 2+ YL a.L,

4 48 h a. r.
5 12o h a.1.

oro5 -



L .-''-. ented spilrdlo metafase anil a number of
cells of abortlve polle[,{ith undavelop-
ed Eenerative c61ls was discovered
(tab.2) .o

) ,\ S"
3472 56

7

7 8 9 ,o ,i
Iig.1. Disturbancea of forn Lnd sizes of

cells in Yre ightle ssr1e ss.
1 - four-nuclei cells; 2- one-nucleus cel,l
with a s}|ell; J - glgaD.tic tr'ro-nuclei po-
Llen of wrong form.

CeLl, developnent in the first postmei-
oti,c mitos insid,e poIlen-sack goes so slm-
chroneously that finding even seperate
ce1ls d.ropping behind or passing ahead in
the developmeat is regalaled as dj.gressin
frorn normal. dspeclally as the celI ale-
velopment of speclal form and sizes
trhich are not net Ln the control is cer-
tainly to be pathol.osr.

Flns.lly, degenerating abnormal se11a
fini sh their d.evelopment by abortive pol-
Ien, eIj-minale !vLthout giving nen genera-
tion.

fhe flEther examination ol the nateriel
draws attention to at least t\r,o circums-
tances. !'irstly, only soveraL oells wore
registered, second,ly, the nu0rber ol s-uch
cellB is increasing ryith ilight duration.
At the sa.me tine laboratory experiments
on stud.y of the illfluence of vibration on
trad.eskantia microspores sho\7ed that these
factors in studied parametres did.nrt cau-
se such changes of cell forms and, sizes.
Ihis aLlorvs us to suppose that weightless-
ness is the factor which can cause chan-
ges of celL goneostasie.

It is nece ssary to mark that all abnor-
Illal ceLls have not only foxr,ts and slzes
liffered fron nornel but special nuclei
posj.tion. lhe role of thls circumstance is
vi,vidly displayed. in turning spindls on
90o during the process of tredescantj,a
d i-vi sion.

A.s it is ksown the first postmelotic
mitosis in nicro sporegene si s 1s a bright
illustration of di fferentiati.ng mitosis.
Vegetative and generative celti resuLt
fron this nitosls. In this process an
axis of spindle is strictly oriented to-
wards thickened. zone of ce1l, caosute(iig,2). In R number of flight ixperlments
the turn of spi.ndle on 9Oo wes registered;
lt ryas also registered in S parro',r A. r ex-
perj-ments lately (14). .Besides a good.
cooform:ity of a number of cells with ori-
s_58

tr'i8.2. icrosporegenese acheme at frades-
cantia paludosa.

1 - mol,her ceIl of polloni 2 - diade;
I - tetrade; 4,5 - inte;'fase ln ,nicrospo-
rei 6 - mctafase; 7 - anafase; 8 - tvo-
nuclei pollen after fornatj,oni 9 - two-
nuclei pol,len a ala,y aft€r formation;
1Or 11 - ripen poLlen.

This can be presented schematically as
following. Because of reorientatlon of
n'dtotlc spind.Ie on 9Oo, t',yo-nuclet po1lenj,s forned, yrhich at lirst goes along the
Iine of sone differentLation of these
nuclei, holyeyer alelay in developroent ta-
kes place alld generative cell doesnrt
form then ( fie.l) .

6

J

4

7

2

5

I

Fig.3. Scheme of microspoles a-nd tyro-nuc-
Iei poll€n ryith nornal development
&nd after spLndle reorientetlon.

112 - metafase in microsporesi 3r4 - trvo-
nucl,ei polfen after formatlon, !,5 - two-
nuclei pollen ivith differentiating gene-
rative nucleus, 7 - two-nuc1el ri.pen pol-
len \rith developetl generative ceI1ig - abortive pollen.

Naturally, a question appears holv in
the cond.ition of treightlessness aluring
mlcrosporegeue si s abovenentioned. ceIls
come into exj.stence. Certainly thj,s is eresult of genome actlvity on e nelr prog-
Tarme conparing with the norm&. Letis
examine possible mechanizms of this phe-
nomonon.

oo
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Table 2

Amount ol ni-cro
Bnount of ce IIs

generativs

spores yvith d,isturbed spinalles anal
(two-nuc1e1 polten) wlth undeveloped

cell, ln tradescantie paludosa

Analysis of ne taphase in
mlcrosDores

Analysis of
Dol

two-nuclei
1enship,

time o.f
llisht

Iime of
fixetion disturbed spindlos und.eveloped generatl-

ve ceII s

l.{umoe! 7o

nd.
In
al1

In
aI1l{umberi % ,1+

Vo st ok- 5

120 h

Vostok-6
72]r.

Co smo s- 1 10

528 h

Cosmo s- 358
144 h

12
te

af- 1032
tart

45 h e.fter: 2249
landin6

48h

oh
rs

1)

23

1t26 O,35 lOOo 11

1,O2 O r21 1000 11

1,28 o,18 2ooo 25

1r1 Or12 0136

1 ,1 O,12 O r24

't )25 0106 0,18

't,5 0, 15 0,48

7o3 9

31 ba.l.

-lote: r,rd. - reliebility of difference betrYeen iI
netaphases ard lu two-nuclei pollen.

There is a \.^rhole hierarchy ol re3u18,to-
ry syste:is infl"uenslng the rvork of every
genome. Bcsid.es slecific mechaniz|r of ge-
netic activity regulatronr elrccryot i:r
contreat to procaryot have mecha[iz,T of
unspecific regulation the essence of lYhich
consists of teklng down condensation
blocks fr:om chromosome areas. Taklng d.olYrl
he terochrornatine blocks with beterochro-
matic euchromatin brings lead-in additio-
naI nunbel of genes in polygen systen j,n
the statg when transcription occurs. I's a
result stimulatior of processes in celL
takes p1ace. Howeve!, for all thisr genes
y,rith hanmful mutetion could be lreed from
he terochromatizatioa end imperfect chan-
ges appear in such cells.

He terochromatine j-s a Iabile component
of chronosones. Its lerge are&s can be
ellminated and then restored.. But there
is e li,tdt lrhen the logs or another po-
sition of heterochromatic locuses along
the length of chronosomes prove to be j-r-
reverslblo and then irreversj.ble changes
take place in a celL. Probably 1t is r18h-
tfuut to speak about B type of mutations
!,rhLch donr t effect genes and ul:Lique sites
of chronosone, but mutation rebuilding
Iocuses he terochromatine into chromosones;
locuses acting es unspecj-fic gene regula-
tor6. I{e terochror0atizatlon of chromosome
aroas and then taking dolm heterochroma-
tine block is an ind.ex of ed'aptation in 8.

cell or organizm to this or lhat factor.
Scb.enatlcall:r adaptation of the pro-

cess to extreme fa,ctors at this level may
be descri.bed as follolvs. At first there
are no chenge s in nuclaus, an additional
reproduction of he teroclEonatine and in-
t6nsi.fied. heterochrometiza.tion of euchro-
matic ereas take placo owing to which Bta-
bilitv to unfavourable factors is increa-
sing.- Ilore prolonged influences Iead to
the-fact th;t he tarocbronatine begins to
exbaust &nd free from hetorocbronatizati-
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on additional genes in poly g€netic sys-
tems, howevorr then nutagenetic ganes caJr
be fieed. Such nucleus reaction to stress
mobilizes a cel1r but makes its chromoso-
mes more sensitivg to stress.

fn optimal cond,itions of organizm de-
velopment cell nuclei of certain tissues
heve' Deculier Dosi-tion of condensation
ol""u!. Variot-l.; differentiation is mainly
caused by this unspecific epparatus of 8e-
netic reEulation.

At th; same time nucleus chromatization
ileDend s on its position in cel"l. ']e intro-
du^ce e term "nucleus posltion effect'r at-
tachlng great inportance to nuclgus topo-
lorv li ienrlation of genetic activityt
o"Elesses 6f di fferentietion' ctc. Itrs
imorm for a long tlme that various dif-fe-
rentiated cells have specific sizes, ce11
forn. Dosition of a nucleus in itr orgs'-
nell'position. etc. , otYning distinctive
features for 6ach di ffercnti3tion. A
rrnucleus position effectrr i-s a necessary
element for celI hemo staei s.

In \velpltlessness a snall part of cells
acquired ipecific formr position of nuc-
leds and. functions ivere changed. They rve-
re unable to divide by xdtosis. Ltost of
them benan to grow and looked like round
ctganti; ceIl tYhich had swells. One cen
iiioose that due to i'Ieightlessne s3 31]
.eiis of TradescarLtia mlcrospores got arl
imDulse to chenge forri. IloiYever' their
rr"io"t""i" in m5st of the cel'Is contiiru-'d
owinn to nornalizing effect of va.rious
reeuiu'bion syEtems.-Itrs krown that ceLl
ho eostasis iepends upon the ord.er of 8e-
nes transcription and 1s forried by reser-
ve comecti6n bet\Yeen a nucLeus and cy-
toolasna. and intercell aild organizn re-

"lliiio.". 
The seme ceII whj-ch escaped

:ilo"r"r 6sgatns to fol1ow the nciv structu-
re-functional "{aY 

at onco.-- A""o"ai"e to ihis generel discussion
we can issde as one of possible mecha-

$s9
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dsms of appearing of abnormel, cell a me-
chenl, sm connected vrith 'rremoval ofrr bloc-
ked he terochronati,ne by weightlessness aJld,
further change of genome rvork. It a number
of cases thj,s can be expressad. ia the atrF
pearance of mutant ce11s. Apparently this
effect is co[nected l?lth the change of
nucleus positlon i,n a cell, thl.s ryas the
primery event.

Tb.e explaaatl,on is certalnly simplifi-
ed. anal schematical in reeLLty wei8httess-
ness effect is presented by nulti.canal
systemE ol influence.

dxa.nj.ning different roe charrism of 'treig-htlessness acti.on on csll genom, it is ne-
cessaxy to take ln account a cel-1 typer
its sizg, form and fi.mction. Th.ere are oonF
non rxonents in these ne cha[i sms peculiar
to al1 types ol cel1s but there is e ili f-
ference mainly connected with clifference
ln systems regulatin8 g€netic activity ex-
hists.

rYe carr speak about direct enil indirect
effect of weightlessness on the ceII.,i.9. Po[ard. J. (15) consiaera that the
cells the size of which exceeds 10 m]m in
diernetre must be the target of neighiloss-
ness. According to this calculatiotls, it
is cleer that nuclei, vacuolies ard other
bLg organoiils exceeding this meBsueize
Eust elso react to wei8htlessness, trades-
car:.tia microspores useC in our experiment
hB,ve the size of nucleus and chromosome
nore tha,n 10 mkn, end, helce, lf we sup-
pose that Pollaril B. is right in his caL-
culations, rrre canrt exclude their d.irect
interaction with ryeiBhtle ssne ss.

Je have better understarding of the
necharism of i.ndj.lect weightlessness ac-tion on the cel1, genorn through replace-
mentsrr caused by this factor in phy;ico-
chemlcal and othex paranetres of environ-nent. rrdnvirorlnentl is not only natu.ral
habitat of one-celI opganisms but a rruI-
ti-ce11 orge[ism as veII vrhick Is a media
for exi.sting of every sep&rate celL tis-
sues and oxgans of thj-s orgar].ism.
. The- cllarge of menbrene perrDeability,
ion :'elations, more or less intense j.ii'i-gation leads to replacing of structures
in ceII a,nd nucLeus, hence, cLsnging the-
ir fL.mction as eatlal nuclous position in
a cel1 anal genes j-n nucleus plays a cer-tain role in their functioning.' ..

Dlspls,cementa in exchangj-[g Ca", nrar-
keal in the cells and tissues ot orgilism
being 1n tho cond.ltions of reightlessness
pxesent special interest. ris trclolvn thj, s
element forms a part of chromosomes altlplays a great role in their integrity.

In nulti-ccll organism these proci:sses
&_re rn a conslquence of cha.nce s in fwrc-tions of sorne regul1to:'y systens and or-
gans cauaed by weightlessness and in this
case y7e ought to spe ak about andirect se-
condary actlon oI the factor on the cel1.
Population of genes ic an extrenely in-portant lin-k in general chain of events
taking placc in cetl. llovever, genom un-
dergoes e reverEe influence froi the or-ganisn and guch a reverse connection ne-
a.ns^creation of an orgarri sn as a ulity.

So, dlscovered influeEce of weighties-
snesa to ceLl skeleton in Tradescsltia
rLlcrospores expressed by a nen form nuc-
Ieua and vacuoly dislocation and loadinr!to change of genon activity and ceII dii-
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ferentiation nay be rea.lized lnd,irect1y.
At the same time rye canrt exclude tli.rect
influence of ryeightlessne ss, e.9., with
cytoskeleton t{hlch can be consiilereal as
a gravireceptor 1n this case.

Itrs quite clear that both first anal
second ways neeal to bs pro]red.

Concerning further study of necheni sln
of y.eightlessness effect on ce1l, mecha-
nism of its s.daptation to this fector lYe
rmrst underllne advisibility to use conp-
Iex approaches taking i,t]' eccount a1l ty-
pes of ceL1s, their forms, si.zea and. fun-
ctions. Side by sid.e ryith genetic methoda
consldereal in this peper, j.t is necessa,ry
to seaxch for interceLl organells, sen-
sitive to gravitation, analyse mechanlsm
of biochenical regulation of ce11 behavi-
ou.r, i-ts morpbolosr d,uring gravj,tation
stresses. Itrs expedient to coutinue the
study of nrembrane permeabiU-ty, ion in-
terrelatlon &nd albumen biosJmthesis.
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EFFECT OP SPACE FLIGIIT AND HYPOKINESIA ON
PI,AS!.'A HORI,IONE LEI"EI,S AND LIP]D METABOLISIi{

IN RATS
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Important changes of plasDa levels of
hortrones involved in the regutation of Ire-
tabolic processes ( catecholamines , cort.i-
sol. growth hornone, insuLin and thyroxj.ne)
were observed in crew nErnbers at the end
of space flight (1,2). Therefore t'he aim
of the present experinEnts r{ras to study
the effects of space flights on pl-asna hor-
mone levels and on metabolisn in fat tis-
sue of experilEntal aninals. Since hypoki-
nesi.a rras used as a Eode] for simulation
of the effects of stay j.n nicrogravity (3)
the changes in lipial netabolisn were in-
vestigated also in rats after the exposure
to hypokinesia for various period.

Material and Methods

Re s ults
An increase of plasma corticosterone

concentration was found in aninals subjec-
ted to space fl.iqht for 7 and I8,5 days
(Fig. I). This increase r,as due to state of
weightlessness, because in rats exposed to
arteficia] gravity (1 9) aluring the space
fli.ght on a board of biosatellite no such
elevation of plasma corticosterone level
was noteal (Fig. 1) .

An increase of plasna insulj-n 1eve1 was
found in flight aninals (Fig, 2) after
short and longe! space flight.

An augnentation of epinephrine and nor-
epinephline plasma levels \rere noted in
rats after space flight in weightlessness
and also in arteficial gravj-ty in conpari-
son to intact control and rats in model ex-

0,1

CFrcSMSCA
Fig. L. Plasrna corticostelone Ievels
rats. (C, A - controls, F - flight;
936, rC - flight in (1 g), Sl'{, SC -
experinent . p<0,05 to C, r* p<0.05

Ln
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tnode I
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Ai9. 2
sPace
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. Insulin plasma levels of rats after
flight (P) , in model expeliment (s)
contlo1s (c1; c2) (cosnos 1667).
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Fig. 3. Norepinephrine pl.asma levels in
rats exposed to space flight (F) , in arte-
ficial gravity (F+C) . C, AC - contlol gror{E
E2l sM groups (cosnos 936) (6).

since these hormones are involved in the
regulation of the metabolism in adipose tis-
sue the changes of lipolysis were studied
in rats exposed to space flights. only sli-
qht inclease or no changes in the release
of NEFA from adipose tissue vele observed
in the first hours after the space flights.
Horever, the stimulation of liPolysis by
nolepinephline !,as lower j.n fllght aninals
(Ta-ble t) and this lowe! response uas ob-
served in fllght lat's also after 6 and 2I

v

,r,I
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Adult male Wj-star rats (body nass 330-
-350 g) were devided into three main
groups: f. intact control rats (C) , 2.fli-
ght rats (F)-group of animals subjected to
space flight on bi-osatellites Cgsnos se-
ries for 18.5 days (Cosr0os 935 and 1129),
or 7 days (Cosnos 1667), 3. rats in model
experitnents (sl.l) , simulating the conditi-
ons of space flight but rreightlessness (4).
A group of rats (6-8 animals) ?as saclifi-
ced at the landing site of the biosatelli-
tes, 6-10 hours after landing, the blood
was collected, the epididyDal fat pad lras
removed and the slices of fat tissue wele
imnEdiately incubated without and with the
addition of norepinephrine (NE lO-5 and
1O-3 noI l-1) and the release of free fatty
acids (NEFA) uas determined (5) ,

The concentration of corticosterone,
insulin, epinephrine and norepinephrine
was deternined in plasna (6).

In experiments with hypokinesia the ani-
mals i{ere inmobilized in special adjustab-
le cages for l, ? and 60 days, the Iipoly-
sis in fat tissue was determined (5) and
the bj.nding of 12 5l-nonoiodoinsulin was
estinated (for references see 5,?).
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days of recovery period.
The marked j.ncrease of lipolysis was

found in lats exposed to hypokinesia for
short (l--7 days) and long perj.od (60 days)
(Table 2) . Sinilarly as j.n aninals after
space flight a decrease of the lesponse of
adipose tissue to norepinephrine was forhdj.n rats exposed to hypokinesia (Table 2) .

Table 1. Stinulation of li.polysis by nore-
pinephri.ne (NE) in rats afte! space flight
(18.5 days) on Cosmos 935 (expressed in t
of lipolysis without hormone) rp<o.05,C : F

adipocytes sholred that in rats eq)osed to
hypokinesia for I day the binding capacity
altd insulin receptor density is decreased(7), no changes l{ere found after 7 day hy-
pokinesia, hovrever an increase uas alenon-
strated in anirnals immobiLized for long ti-
me (60 days) , In agreement with the result
in adipocytes also the binding capacity of
insulin receptors in liver is simitar in
contlo1 and 7 day-hypokinetic aninals.Simi-
larly in aninals after space flight for 7
days (Coslltos 1667) no changes in insulin
binding in liver irere observed (Fig. 4).
Di.scussion

NE
O lO-5 lnoL l-1

NE
I0- 3 rnol l-l

Cont!ols
F Iight

100!7
10 0118

405169
12 5t 16 *

6501230
150J20*

The studj.es of the processes of lipoge-
nesis in aninals exposed to hypokinesia sho-
wed that unde! basal conditions there are
no significant differences in the rate of
incorporation of glucose into lipids after
I and 7 days, the si-gnificant increase was
found after long term hypokinesia (5) . The
stimulation of lipogenesis in adipocytes
uas lot er in rats exposed to hypokinesia
for I day, no significant changes uere ob-
served in rats j.Nnobilized for 7 days, ho-
tever in anihal.s after 1on9 tern hypokine-
sia an increase of stinulatory effect of
insulin was noted (Table 3) .

The resultg of present experinents sho-
wed an important increase of plastna levels
of hormones also in rats exposed to space
f light. Hypercorticosteronaenia is follored
by activation of several enzymes involvedj.n the metabolism of aminoacids in liver(9).
Further the changes in the hornonal regula-
tion of lipolytic processes in flight rats
we!e noted not cnly innediately after ftight
but also duri.ng the recovery period. Also
the changes in stimuLatory action of cate-
cholarines on lipolysis and of insulin on
lipogenesis lrere found in hypokinetic lats
suggesting that hypokinesia and space flight
have important effects on the processes of
hormonal regulation of lipid netabolism in
PFA) in rats exposed to hypokinesia (HK) .Table 2 Stimulation of lipolysis ( urnol 9-I of

Days of hypokinesi a
Con t rol s I ,7

60
Basa 1
NE IO-5 mo1
NE 10- 3 InoI

4.3J0,3*
+r.910,5*
+2.6J0.3*1- t

2.1i0.3
+4. 210. 5
+7.3j0.8

3.210.45*
+3.310.4*
+5, Ito. 7*

t0.25r
10.4*
10.5*

+0
+2

9

l
Means i SE; . p < 0.05.

Group Insulrn 1,0 mU

Table 3. Stinulation of incolporation ofl4C-glucose into lipids by insulin after
hypokinesia (in g of control) ,*p<0.05 C:HK.

adipose tissue, The lesults of our previous(5) and present experiments shorred that the-
se changes could be partially contEted withthe changes of binding of hornones to spe-cific receptors in adipocytes.
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EFFECTS OE HYPOKINESIA ON HOR.T{ONAI REGUI,A-
TION OP INSULIN RECEPTORS IN RAT ADIP€ITES

H. FickovS, L, Macho, S. Zdrad

Institute of Experitnental Endoclinology
CPS SASi, Blatislava, Czechos lovakj.a

AduLt Wistar male rats (300 g body mass)
wele exposed to hypokinesia for 24 hours
in specj,aL adjustable cages. control ani-
mal.s were allowed to move freely in stan-
dard cages. In one gloup of animals cate-
cholamines were elimined by nedullectomy
and by subsequent treatment of the anitnals
with guanethidine (IsrElin Sulfate, Ciba)
in the dose 3 mg per 100 g of body r.'eight
for 5 eeeks, stalting 18 days after the
surgery (gloup MEDEX+GUAN) . In the other
group of rats corticosterone i.,as eliminated
by adrenalectotny perforned 14 days before
the experiment (g!oup ADREX) . rsolated adj.-
poc),tes ,re!e PrePaled fron epididymaL fat
pads by coll.agenase digestion (Collagenase
cruda, SEvAc, Prague) according to RodbeLl
(8). The binding studies were based on com-
petition of unlabelled monoconponenc insu-
iin (llovo, Dennark) to 125r-monoiodoinsu-
lin. The binding capacity lras calculated
by computer fitted nuLtilinear regresion
curve according Deueyts and Roth (9) . ( I'lo-
del of one binding site with negative coo-
perativity). Detelmination of plasna no!-
epinephrine and epinephrine was according
to the nethod previously described (10) '
Modified protein binding method for the
pLasna colticosterone estination was used
( 1r) .

Results

The plasma corticosterone level of contlol
rats subjected to hypokinesia is by 3 tj.rEs
higher in cohpalison with i.ntact rats (Fig.
lA) . Adlenalectomy decreased corticostero-
ne leve1 in intact rats and this low con-
centration persists also after hypokinesia,
what proves correct surgicaL elimj.nation cf
adrenals in this expelihental group. Rats
without endogenous catecholamj.nes had sig-
nificant highe! corticosterone level under
basal condition and hypokinesia evoked fut-
her slight elevation of hornone concentla-
tion. Hypokinesia significantly .increased
plasma norepinephrine levels in control
aninals (Fig. 18) , while in ADREX group
both basal and stinulated concentrations
are elevated in comparison with control
lats. Surgical rerhoval of adrenal medulla
in conbination uith administration of gua-
nethidin resulted in undetectable values of
norepinephrine in intact rats and slight,
unsignificant increase after hypokines j. a
was observed. These lesults give the proof
of a successful" surgical and chernical e1i-
,nination of endogenous catecholanines.
Plasna epi.nephrine is elevated in controf
rats after 24 h of hypokinesia (Fj.q. Ic) ,
while in ADREX and I4EDEX+GUAN groups low
concentrations rmder basal conditions are
r.rneffected by hypokinesia. The uppe! part
of fig. 2 shc&rs the insulin binding capa-
city of isolated adipocytes. In control
animals hypokinesia signifj.cantly decreased
insulin blnding capacity. The sane effect
of hypokinesia is observed in adipocytes
of rats without endogenous catecholanines,
hovever, adrenalectomy plotected the decli-
ne of j.nsulin binding after hypokinesj.a.
calculation of insulin bindj.ng capacj,ty in
telns of the insulin recepto! numbe! per
I lm2 of cel.1 surface area (density) is
shown in the lower part of fig. 2. The ten-
dency of changes are preselved after hypo-
kinesia, it neans declj.ne of insulln recep-
tors density in controL lats and in adipo-
cytes of animals without endogtenous cate-
cholanines.

Dis cuss ion

It is i*,ell kno!.vn that insulin receptor nun-
be! is negatively regulated by plasma insu-
lin concentration. In our experinents we
did not find any changes in plasfta insuLin
and glucose (data not presented here) , nei-
ther as the lesult of hypokinesia, nor the
effect of surgery. Thus the fa1l of insulin
receptols as the effect of hypokinesia must
be the result of other factols e.g. insulin
contraregulatinq hormones. The in vitro
decreasing effect of catecholanines and
glucocorticoids on insulin binding llas ale-
sclibed 14,5,6,'ll . Pernanent elevation of
the above hornones during 24 hours lasting
hypokinesia Ied us to investigate the role
of catecholamines and corticosterone in
regul-ation of insulin recepto! in vivo. De-
creased insulin receptor nuhber in adipo-
cytes of aninals with high concentration
of corticosterone and eithout epinePhrine
and norepinephline is identical with the
fatl of receptors in control rats after
being exposed to hypokinesia. on the other
hand, no changes of in6ulin binding were
observed in adrenalectomized aninats after
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tiypokinesia is an experimental modet for
the study of the effects of movernent res-
triction or diminished notor activity of
animals and is used for the sinulation of
the state of vJeightlessness j-n laboratory
conditions. previously l{e had reporled
changes in lipolytic as well as lipogenic
activity of adipose tissue as the result
of hypokinesia. One day lasting hypokinesia
decreased lipolytic response to norepineph-
rine stinulation j.n lat adipose ti.ssue (L),
but sirnultaneously an j.nclease of beta-ad-
renergic receptors in isolated adipocytes
was observed (results not published) . The
investigation of li.pogenic activity had
shovJn ditninished insulin effect on glucose
metabolism in adigose tissue (2) and subse-
quently a declirE of insulin receptors was fou'd
as the effect of 1 day lasting hypokinesia.
The movernent restliction is a strong stress
situation for an animal and is accompanied
by pelmanent elevation of corticosterone
and catecholanines during the first 24
hours of hypokj.nesia (3). Decreased or un-
changed insulin binding to hrhan and lat
adipocytes after short or long in vitro ex-
posure !o catecholamines and gl.ucocortico-
j.ds were described (4,5,6,7). The purpose
of this study was to investigate in vivo
role of catecholamines and corticosterone
in regulation of insulin leceptors in rat
fat ceLl after short term (24 hours) las-
ting hypokines ia.

I'tatelials and l.tethods

The Physiologisr, Vol.3l, No. l, Suppl., 1988



hypokinesia. These results point out the
sigrifj.cant role of high corticostelone
Ievels in regulation of insulin receptors
in rat adipocytes in vivo, Described fa11
of insulln receptors afte! hypokinesia is
very plobably related to the Lower respon-
se of adipose tissue to stihulatory effect
of insulin on lipogenesis as it was repor-
ted previously (2) . The results suggest
that 24 h pernanent elevation of cortico-
sterone duling hypokinesia plays a rol.e inthe regulatj.on of insulin !eceptors j.n
lat adipocytes.
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ADAPTATION TO RESTRAIIIT IN THE RAT

Vojin Popovic

Department of Physjology
Emory ljniversity school of lledicine
Atl anta, Georgia 30322 USA

ABSTRACT Use of telem€try in physiological
research is sti'11 in earlY stages.
Cardiovascu'lar studies planned for gravitational
work during the next few years on primates or
squirrel monkeys depend on restraint devices.
Tno rat cardjovascular experinents (uS Space Lab
SLS I and SLS II ) use unrestrained rats for
resting cardiovascuiar measurements (chronic
intravascular cannulas and implanted blood flow
probes), but emp'loy seni-restrained animals for
m'icroci rcul atory investigations. Prjor to
weightlessness, these instrumented rats xill be

exposed a number of times to semi-restriant. In
order to ascertain if there is adaptation to
restraint (decreased toward normal of plasma
stress hormones), the rats 

'rere 
exposed 18 times

to restraint chambers, but the level of stress
honrcnes stayed el evated.

I TITRODUCTI ON

I'1E THODS

Forty adul t male Sprague-Dawley rdts (200 +

9 9) with chronically implanted aortic cannula
were used in the experiments. Twenty five rats
were pl aced i n restrai ni ng pl asti c boxes
(permitting some movement but not turning of the
animal ) once each day for eighteen days. Each
twenty minute exposure vras between 9 and 1l AM.

The arterial blood was sampled five times from
each animal, only 0.2 ml of blood was sampled
which was sufficient for two plasma stress
hormone determinations (ACTH and cortjcosterone).
The blood vas sampled before exposure to repeated
stress and four tjmes during the exposure. Blood
{as r{ithdravn from the animals that were at rest
for at least 10-15 minutes. Leve'ls of plasma
hormones were determined by radiojflmunoassays.

RT SUL TS

Figures I and 2 surmarize the obtained
resul ts. The repeatedly stressed rats were
growing at a slower rate than the control animals
(Fiq I).

During the ear'ly part of repeated stres:
exposure, the stress level of both hormones was
greatiy elevated. Several days later, plasma
ACTH and pl asma cort icosterone decreased
somewhat. The decrease was greater for plasma
ACTH than for plasma corticosterone. But even
after eighteen restrajnts, stress hormone level
was very high, much higher than in control
animals or in the same animals before exposure to
restra i nt,

Adaptation to repeated stress has been
already studied. Rats vere exposed to signa'lled'
unpredictable, short lasting stress once or
several times per day for a number of days, and
mi croamounts of b'lood were sampl ed from the
animals to measure the 'level of plasma stress
hormones. Some investigators sacrificed aninals
after one or more stressful exposures and studied
secretory activity of a particular endocrine
oland (for instance internediate and anterior
iobe of the pituitary for ACTH synthesis) as well
as determi ned the I evel of pl asma stress
hormones. Pollard (1983) found that stress
siqnificantly raised ACTH synthesis in pituitary.
After several stress exposures ACTH synthesis
returned to nomal , but p'lasma corticosterone
level was elevated at a'll times studied. The

initia'l (extreme) rise of corticosterone was

observed betleen the first and fifth day of
exposure. The plasma corticosterone decreased to
an intermediate level by the day 40 and persjsted
thereafter at that level . This observation is in
accord njth other studies (Pollard, Bassett &

Cairncross, 1976) demonstrating a similar
corticosterone time curve. The same researchers
saw anterior lobe corticotrophic activity
initially increased, with a return to a control
condition after 20 days of repeated stressing'
An increase in the totdt number of corticotrophs
and in the total number of chromophobes was seen
as well. The chromophiles are believed to be an

ACTH source. Presumably these ce'lls secrete
ACTH, a process seen at the jater part of
s tress i nq (Pol I ard, 1983).

Lacoflbe and seylar (1984) excluded
struqgling and movement of animals (curarized
rabbiis) as factors that led in stress and to an

increasid muscle blood flow, an increased level
of plasma stress hormones and an increased

A 'large increase in plasma stress hornones
(ACTH, corticosterone, prolactin, catecolamines
and others) is observed when a rat or other
experjmental animal is exposed to stress
(increased external or increased body

ierperatu"e, electric shock, etc. ). Restraint
reDresents a stress, too. During repeated
reitraint, an experimental animal is struggl ing
durino earlv exoosures but later becomes quiet
and iocile.- The question arises: is stress of
restraint still present even in the latter case?

In order to study this problem, rats were exposed

to restraint tventy minutes each day during a

oeriod of eiqhteen days' 14icroamounts of
arterial blood-were withdrawn from the animals
four tjmes during this period and analyzed for
two stress hormones , ACTH and corti costerone '
The obtained results were compared with the level
of the same stress hormones before the animals
nere exposed to stress and to the resul ts
obtained in control , non-restrained rats' The

blood was l{ithdrawn through chronically implanted
ioitic cannula (Popovic et a'l ' 1963)'

The Physiologist, Vol.31, No. l, Suppl., 1988
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cardiac output. |lhi le muscle blood flow uas not
increased during such an irmobi I ization stress,
the rabbits showed a Barked increase of brain
blood flow. The increase was large, between 40
and 80 percent. A similarly increased cerebral
biood flow was found in stressed rats (Carlsson
et al, 1977).

Burchfield, D. R., S. C. iloods, ll. S. Elich.
Pjtuitary adrenocortical response to chronic
internittent stress. P!J!i9l . Behav.

cerebrovascul ar effects of imobilization
stress in the rabbit. J. Cereb. blood Flow
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(Supported by NASA contract NAS2-10527).

Pl asma glucocorticoid elevation and
ul trastructural changes i n the
adenohypophysis of the male rat following
prolonged exposure to stress. Neuroendocr.

Popovic, V. P., K. l,l. Kent, P. popovic.
Technique of permanent cannualtion of the

21 : 312-330, 1976.

ri ght ventricle in rats
squ i rrel s. Proc. Soc. Ex
113:599-602, 196

Plasma Corticosterone (rrgldl)

a nd i n ground
. Biol . liled.

Sakellaris, P. C. and J, Vernikos-Danellis.
Increased response of the pituitary-adrenal
system in rats adapted to chronic stress.
Endocr. 97:597-602, 1975.
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Fig. 2. Plasna colticosterone in sehj.-
restrained ( triangl-es, full-Iine) and
in unrestrained rats (cilcles, broken
Iine) . A!ro', indicates initiation of
dally 20 minutes long rest!aint.
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EFFECT OF SPACE FLIGHT ON PLASMA LEVELS
OF GROIdTH HORMONE, PROLACTIN, CORTlCOSTE-
RONE AND INSUL I N IN PREGNANT RATS ANO

THEIR OF FSPR INGS DUR I NG ONTOGENESIS

J. Jureovi6ovd, 0. Jezovd, M, Viga5,
i. serov6

Institute of E xper iment a1 Endocr i. no l ogy
Centre of Physiol. Sc1. , Slovak Academy of
Sc j., , Bratislava, Czechoslovakia and
Institute of Medicobi o logica I Problems,
Moscow, l.rS 5R

Abstract r Pl asma levels of growth hormone
(rGH), prolactin (PRL ) ' corticosterone
(B), insulin (IRI) ano blood glucose were
measu red in pregnant f emale ra ts f lown on
the board of C0SM0S 1514 between day 1l
and 18 of pregnancy and j.n their offsprings
in day 15, l0 and 100 of age . Flown preg-
nant females showed enhanced PRL secretion,
reduced IRI and blood g l ucose and reduced
variation in rGH when compared to synchro-
nous and intact controls. No changes 1n
I were observed. 0ffspr i ngs of f lown fema-
les did not show any changes in PRL Ievels,
GH xas in day 10 and I00 diminished. No

substant i a I changes in aIl other parame-
ters rere found. These resu I ts suggest
that space flight represent a stress sti-
mulus for pregnant fema I es being man j.f es-
ted by enhanced PRL Eelease. 1n offsprings
ol those rats the decrease in GH rema i ns
to be clarified.

Space flight accompanied by microgra-
vity and follo,rring overload represens
complex of stress factors exerting possib-
le effects on the organ i sm. After prolon-
ged space flight an activation of sympatho-
idrenomedullar system was observed, however,
since the activity of catecholamine synthe-
tizing enz ymes xere not changed, this
effect was due to acute stimulus during
the landing and not due to the prolonged
weioht'lessness (Macho et al. , 1980). AIso
oth;r endoc r i ne pa r ameters of stress such
as ACTH, GH, cortisol, IRI in men as weIl
as PRL , ISH, FSH ' MSH in rats remained
un l nf luenced after the space ftight (Ka-
Iita et a1., I986, Grindeland et a1.,1979).
0 i f ferent s i tuatj.on can occur duting preg-
nancy . It has been known that pregnancy is
assoa 1a ted with spec i f ic changes in endo -
crine functions which can alter the sensi-
tivity to environmental st j.mu1i. 0ne of
the characteri-stcs of pregnancy is nutuaf
requ I ation of pituj.tary adrenocortical
axls between mother and fetus (Macho, 1979
Review). The aim of presen experiment uas
to revea l the ef f ect of space f I ight on
the endocri.ne profile of female rats in the
l ast third of pregnancy and its possible
consequences on their of fspr ings during
ontogenesis.

Materiats and Methods: l{e investigated the
levels of rGH, PRL, 8, IRI and blood glucose
in female Ili sta t Stolbovaja rats subjected
to 5 day space f I ight on the biosatellte
C0SM05 I514 betleen the llth and 18th day
of pregnancy. 0ne part of the rats was sa-
crificed i.nmediately after the landlng'
other pa rt of lema Ies de 1i vered pups , ma-
les of them rrere selected and kept under
standard an imal room conditions and sacri-
ficed in day I5, l0 and I00 of age. The
same pro tocol was used for synchronous
controls i. e. animals kept under simulated
flight conditions and for intact controls.
rGH and PRL were estimated by radioimmuno-
assay using the materials kindly supplied
by National Pituitary Agendy, NIAD0K,
Eethesda. Concentra ti ons of IRI were mea-
sured by radioimmunoassay using the kits
RIA 0PI0I, Poland . Bl ood glucose was
measu red by ortotoluidlne method. For B

determination the p rote in -b i. nd i ng me t hod
was used. Nonpa ! ame t r j. ca I test of Mann-
-l.lhytney or analysis of variance i/ere used
to evaluate rGH data, the unpaired Student's
t- test was used for calculatlon of statis-
ti.caI significance of PRL, B, IRI and
b Iood glucose values.

Results and Discussionr Mean plasma levels
of rGH (Fig.1) did not di.ffer between
f lown and both cont rol groups of pregnant
rats, but when eva 1u a ted the standard
deviation by the analysi.s of vari.ance, a

significantly lower (p< 0.01) varlation
of v a lues in flown rats compared to syn-
chronous contro 1s was found.

,Pf 'iT
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Figure 1. PIasma rGH level.s in 18 days
or6onant female rats of flown (F), syn-
chr6nous experiment (S) and intact contro'l
(C) oroups and plasma rGH in I5- l0- and
100 iays old offsprings of those mothers.

1t may represent an impairment of the phy-
siolooical ba I ance be tvreen somatostatin
and GI releasinq hormone due to the ft lght '
Lessened secretory activity of somatotrophs
wi th higher content of int tacel lul a r rGH

of f towi ra ts was recent Iy observed (Grin-
detand et aI. , 1987), suggesting higher
tone of somatostatio during flight lhich may

result in disturbing the physiological rGH

oulses as }leIl' Lov,er rGH levels in l0 and
i00 o"v" old of fspr i ngs ol f l oL,n mothers
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can repIesent a muted secretory activity
of these rats, however, an effect of non-
spec i f ic stressor before decapitating the
ra ts cannot be excluded, In I5 days old
Eats the rGH leve Is did not di f fer be txeen
individual gEoups and it is to be considered
that in this aqe qroup is the rGHraction to
acute stressors Iacking lrhich fuIly reco-
vers after the 21st po;tnatal aay (Strorit<
et aI., l9B5).
Plasma B ( dep icted in Fig. 2) was enhanced
i.n all I groups of pregnant fema Ies l{hich
is a normal physiological phenomenon in the
18th day of pregnancy(Macho 1979, Review).
No diffe!ences 1n B levels between the
otfsprings of flown and synchronous control
mothers in all age intervals vJere observed
pointing out that the prenata I f I ight is
not a severe s tressor for the rats.

In the t8th day of pregancy a high level
of es trogens in blood ras observed (Kolena
et a1. , 1977), and estrogens potenciate
the sensitivity of the lactotrophs to mild
stimul i (Leong et al., l98l). In this case
the stressogenic effect of the flight
could have been vizualized. Ue assume that
the acti.vation of PRL xas evoked by the
fj.nal phase of the fllght (overload, landing
maneuver) and not by microgravity, for
enhanced PRL levels Eeflect the status of
acute stress, After chroni c stress no
increase in PRL can be observed (NeiI1,1970).
In the offsprj.ngs no effect of prenatal
flight on PRL Bas observed,
Ile conc lude that space flight rep resen t s
a stress st imul us for pregant fema 1e rats
which becomes man i fest by enhanced PRL
Ievels and d isturbed rGH pulses. The en-
hanced PRL Ievels are due to the last pha-
se of the flight. In the offspri.ngs of
flolrn rats the Iessened levels of rGH
remai n to be clerified-

Jhe authors lrlsh to thank NIAoDK for the
generous supply of materials foE RIA of
PRL and rGH. The technica I assistance of
E. Andelovd and L. Fejkov6 is gratefully
acknowledged.
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Pl.asma IRI was decreased in flown mothers
against synchronous cOntrols (18.5 * 5.1
vs. 14.5 + 2.1 uU rl-'; p<0.05) and so
xas blood glVcose (4.5 r 0.4 vs. 7.4 *
0.1 mmol 1 -'; p<0.00J.). These vaIL,e; are
a consequence of the rhythm of feeding
ra ther than of a s t ress response, since
duri ng the stress exposu re the rel ease of
IRI is blocked wi th a concoml tant hyper-
gl ycaemi a ( Vi ga5 et a1., t97l).
The enhanced PRL 1e ve 1s depic ted in Fig. l
can be ascri bed to the synergist i c effect
of flight and c i rcul atlng estrogens.
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Figure
and in

l. Plasma PRL in pregnant females
the offsprings. Legends see Fig. I
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Figure 2. Plasma IeveIs of B in pregnant
rats and ln the offsprings. Legend see Fig. I



THE SYNTHESIS ANO CONCTNTRAT ION OF IHYROID
HORMONES IN RATS AFTER SPACE FLIGHT

KNOPP
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J.. MACHO 1...r., Srngtrx v
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Insti tute of Experimental Endocrinology
Centre Physi. ologica I Sciences, 5l ovak Aca-
demy of Sciences, Brati s I ava Czechoslova-
kia and Institute of Biomedi.cal Problems,
Moscow U. S. S. R.

The ai.m of the s tudy xas to investigate
the i nfluence of space flight on the syn-
thesi s of thyro i d hormones in the thyroid
gl and and their concentrations in serum in
adult rat and pregnan t ra ts rihich delive-
red babies a fter the flight. The percenta-
ge of 1,5,1-t-triiodothyronine T" and thy-
roxine /1,,/ in the thyroid gland'of adult
ra ts aftel space flrght was unchanged . The
concentratlon of thyroxine in rat serum
was not changed in al1 groups studied, ho-
yever i.ncreased gravitation resu I ted in a
significant increase of Tr rn comparrson
to control and flight groOp. No marked
changes were found in concentration of I1
and Ii. in thyroid glands of flight mothefs
and tReir babtes delrvered. Space fliqht
appears does not change slgnificantl.y the
thyro id gland activity in rats.

The thyroids of rats returning from
space f l ights shored certa in histological
alterations sugg3sting a reduction of the
thyroid actj.vity. Five to twe Ive hours
folloring landing, thyroidal ceIls showed
smaller nuclei, the epithelial layer was
attenuated, and the C cells nucl e i rere
smaller in both thei r volume and numbers.
These changes returned to normal within
25 days follovring the landing. Hovever,
cosmonauts returnj.ng fron ll days lasting
space flight aboard Apollo shored, on the
day of landing, eleva ted pl asma concentra-
tions of thyroxi.ne l,hich entirely norma-
lized r,,ithin 24 hours after the landing
(Sheingeld M., Leach C.5. et a1. 1975).
The authors bel i eved that these resul ts
mi0ht suggest enhanced activity of the
thyro i d du ri n9 the fl.ight ra ther than
changes in thyroxi ne bi ndi ng plasma pro-
teins. Simil.ar xesu I ts have aI so been ob-
tained uith astronauts aboard the orbital
statlon SkyIab, the on 1y defference being
that fol lowing space f I ights for 28' 56'
and 84 days , blood concentra t i ons of T1
decreased ([eactr C.S., Johnoson P.C. 1r77).
These d i fferences in thyrox i ne and triiodo-
thyroni ne l evel s have been expl a i ned as be-

The Physiologist, vol.3l, No. I, suppl.' 1988

ing due to enhanced activity of the thyroid;
the reduced I evels of Tr may resul t from
decreased release from the thyroid into the
cicrcu I at ion, or from decreased conversion
of Ttr to T1 in the per i phera I gtands.

'The pfesent work was aimed at studying
biosynthesis of both the thyroid hormones and their
precursors, of thyroxine, triiodothyronine
in the blood of adult rats, pregnant fema-
les and their litter after the completion
of space flights,

fhe experiments were performed on male
rats ( SPF Colony, Bratislava), weighing
2O0-25O g. The animals from Cosmos 9t6 uete
decapitated 6 n or 25 days after completing
an 18,5 day space flight. Aboard the biosa-
teIlite, the ra ts rere kept in individual
cages in the st6te of rieqhtlessness. Ano -
ther group of animals aboard the same spa-
cecraft were a 1so pI aced in a centrifuge
simulating gravitational force of I g a1-
mos t throughout the flight. Another expe-
riment was perfoEmed on pregnant females
spending 5 days, nameLy days 1l thEough 18
of gestation, in space. Fol Iowing the lan-
dj.ng, some of the pregnant females weae de-
capitated, the rest were kep t on Earth un-
til delj.very, and the Iitter was sacEifi-
ced on days 15, l0 or 100, of postnatal Ii-
fe. The thyroids Here removed, freezed in
liquid ni trogen, and t ranspor ted to the la-
boratory on dry 1ce. Homogenates xere pre-
pared from unpooled thyroids and assayed
by pronase hydrolysis, i odi nated am j.no
acids were separated by paper chronatogra-
phy, and hoEmones in spots vere quantita-
tively determined, Radioimmunological me-
thods were used in a para 1l el experiment
to determ l ne concentEa t i ons of the thyroid
hormones direct I y in the hydrolysa tes of
the thyroid.
Bl ood concentra tions of the thyro id hormo-
nes were determlned using the radioimmuno-
logi ca 1 technigue,

r .LrGHr. car{rPrauca

5 Sriclnomu5 .carilirf lrca

10,

201

rrr{56 r23456 1?1.5!
0rT MlT I T. T3

Fig. I shows percentual participation
of i odina ted compounds in the thyroi ds of
adult rats. As you can see, the thyroid
hormone pEecursors , di i odothy rosi ne and
monoiodthyEosine, were s i. gni f i cant 1y eleva-
ted in the paralIel group subj ected to cen-
trifugation, Percentual values of thyroxi-
ne and tr i iodothyronine rema i ned unchanged
in aII the age groups studled. However, the
i odo thyros ine /iodothyroni ne ratio wh i. ch
reflects synthesis of the thyroid hoEmofles,
was found to be decIeased as compared to
controls/. These results suggest that the
thyro id hoEmone b i osynthes is was reduced.
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6 HOInS 25 oAYS

Fig. 2 sho!rs that thyroxine concentra-
tj.ons in the blood of ra ts exposed to gra-
vitation during the ili.ght were elevated
immediately after the landing as compared
to those neasured in controls and in ani-
mals having spent the f1i ght under condi-
ti ons of weiqhtlessness. No di f f erences in
thyroxi ne concentra tj. on were detectable 25
days after the landing.

2-

This table I sho$s resu I ts of Ta de-
terminations in the thyroids of rats'of va-
riou s age and in the thyroids of the not-
hers . T, concenta t ions in the thy ro i ds of
mothers/participating in the space flight
did not change stati5tically significantly
as compared with control animals. A statis-
tically signi.ficant increase was found bet-
ween the synchronous contfol group on one
and the mother control and f I ying group on
the other hand,

The thyroids of the young dur ing the
pos tnata I period showed significantly de-
creased concentrations of T, in I5-day-oId
animals as compaEed to both'Jthe control and
the synchronous group. LovJer It concentra-
tions Yiere observed also in thE thyroids
of ,0-day-cld animals as compared to the
s ynchronous group.

D
E
a
B
EI
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€

Iab. 2

T4 ng/mg protein

rnother 15 days l0 days I00 daYS

flight

control

1500+420

1400+ll0

250j50

200:20

140+402I0 + 9

6
E

0 0 25 oAYS

It is clear f!om the Fig. I that triio-
dothyronl ne concent Ea t ions were identical
in the blood of rats of all the groups exa-
rnlned with the exception of the synchronous
control that showed elevated concentrations
of this hormone.

E ffect s of a 5-day space fl ight were
s tudi ed in another exper iment perfofmed
viith pregnant femal es and thei r litter de-
1i vered afteE the l anding and sacri.f iced
on days 15,l0 and 100 of the postnatal Ii-
f e.

Tab. 1

The concen trat ions of T4 ( TabIe 2) in
thyroids of mothers flying in the space as
hlell as those in the con trol group were
h l gher as compa red to the synchronous con-
tro1. The younq of these mothers did not
show cons i dera ble di f ferences in T4 conce n-
tra t i ons in the thyroid.
It is genera I l y known that the hypothalamo-
-pitultary system activity 1s enhanced in
rats betreen days I2-16 of the postana I l-i-
fe. Also, changes in specific activities
of iodinated thyros i nes and thyronines have
been reported. Changes in concentrations
of both T, and T. in mothers and the young
of motherB f1yinfi in the space are st;tis-
tlcally signifj.cant; They however do not
al1ow any unambiguous interpretation, It
shoul,d be noted that the hormone production
itselfdoes not say anything about the meta-
bolic activities of these hormones in the
tissues, and that the mechanism of activity
sta rt i ng at the receptor l eve1 in the ceIl
nucleus is rather intricate, Moreover, du-
ring the postnatal development, organs and
t i ssues of ra ts undexgo cons iderable chan-
ges in thei r structure and functj.ons uith
the thyroid hormones also pl aying a ro 1e
in them,

It may be concluded based on our re-
sults obta ined adult rats and theiE voung
that the producti on of T, in the thyroid
decreases during space flight and that the-
se changes are not pEolonged and are r ever -
sible.
Leach G.S., Johnson P.C. et a1 Aviat Space
env i rom Med. 48' 595-597, 1917

Sheingeld M., Leach C.S. et a1. Aviat Spa-
ce envirom. Med. 46, 41-49 ' 1915.
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EARLY PLASM ATRIAL NAIRTURE]IC FAC]OR

CHAI.IGES IN THE RAT UJRING ANTI0RTHoSTATIC
HYPO(INETIC SUSPENSION.

Lab. Physiol. Fec. ll&, Gtanga-Slanche
69)7) Lyon Cddex 08 France

rIFFA CREDO - 692'10 LrArbreale France
#Clin. Ra8. Ir€t. Nontr6sl H2Y 1R7 ibotrCal

Qu6bec - Canoda

lbdtret -

To investigste the releeelng [Echanisns of
atliol natrluretic factor (ANF) during
rieightleasncas ai[xJl.tion, rata iere ausPended
of 1, 2, 6 a d 24 houra. At the sane time,
plssm€ End atrigl imunoreactive ANF (IR-
INF) rere 0Eaaured uging a radioiflNnoas8ay .

PleEm€ snd 8trisl IR-ANF incroaaed after tr.o
houra of Euapsnsion, snd returned ropidly to
ths basal levgls 8t 6h. These reaulta suggeat
thst NF nay contribut! to the nstriuresi8
reported in reightle8snegs.

Intrldrctiql

hthoda

tlel. llistar rsts (210-250 9)(Iffs Credo)
,are uaed. They srrivod in thr vivarium 9 dsyB
prior to the expesinent. Theresfter, they Here
divided into groupat trelve populstlon cage
(PC), 12 isolated in acparate cages (I), 24
ncre atteched by the tsll uslng ibreyra model
(11) as nodified by Robert8 (12) ! A plastic
hole drilled disc rrss rrspped with sdhesive
tsp6 around the tail End connected to a
pulley plsatlc ba.. These rEta t{ere remained
in the horizonteL position (sttoched
horizontsl = AH) for 7 dayE b€fore the te6t.
(h the eighth day, 8fter the ad8ptotion
perj.od, hslf of the rata Hhich iGre attached
horizontal, rere suapandod lor 1, 2-, 6 ot 24
houre (a hesd-dom auspension of J0-l5o rae
used). Than rata xele aneBthetized rith
pontoberbital sodirn (60 mglkg body ireight
i.p.). Blood raa co.Llected by Eorta puncture.
fire nI, t6ken aeparately, l{aa processed for
plssma Ne-, K-, protein and odrolality
analysis. The micro-heiEtoc.it wao also
iEagured. Tro ol of blood Here placed in .ice -
chitled plsstic tubes containing the pro-

tea8e inhibitols EDIA (10-5 il), pepatstln

(10-5u) ena prcnylmethylsulfon.il fluoride
( Pi.lsF ,.1O-' M) for plaama IR-ANr
deternination (99.126). ANF r,s8 extractBd fror
plssmo by lIEEna of vycor gl.8s bosds (Corning
Gla8s llorka Corninq, tiX ) 6nd rEeaurad by
rsdioirmunoeseay (RIA) (6). The heart tiaa
renEved lmEdistely aftsr sacriFice. The right
and left gtria rere diaascted separately and
atrial ANF coocentr8tion |{ere meaauDed by RIA
(7). The dsta |rere evslusted by tro lay
an8lyais of variance rith rePested meaaurea to
globstly te8t the tine effect' the grouP
effect snd the group intersction by tlme
(F.toat). If I signific8nt effect tras
detected, N6lfiann and Xoulrs te8t wqa usBd to
determinB hhich troatlEnt nle6n6 !{ere
significantly different. Reaulta are expre6aed
as [Eans+sEH.

Roanlte

lithin thc first fen houls of heed-dorn
bedrBstr fluld thift from the extromities to
thc thor.x snd hrgd lead8 to ao increBse in
ccartral vanoua pr68sure. SiEJltanaouoly t
incrrasad pressura ]evela in both stria lcsd8
to hornonal [Edifj.cations charect€riaing the
Gsusr-llenry leflex (4) . inhibition of
aecrstion of tJrB t6nin-sngiotenBin-sldoaterone
system (RAAS) and vasoPresain (AVP). In
additionr anoth€r foctor eppears to play E

role ! the atrial natriuretic factor. It hes
been Bpeculsted that ANF is involved in the
rcoulation of .xtrec!Ilul.r fI'Jid voluE end
cl6ctrolyta bslsrrce (l' 1). In man, this fluid
6hift .i8 rl€ll documented. In animala'
sDecially rat8, th€ tsiL auapenaion ItEdeI
(entiortiroetatic hypoklneais= AOH) i8 8 rell
docuEnt8d llanouvar to aim]Iste Fi9htle88nr88
(2). For thea! reaaona, rre investigated
*rEther tllc ANF synthesis 8nd lalesae aae

rcdified during sarly Edaptstive reaPonse to
r{oi9htls8enoa8.

Thc Physiologist, vol.3l, No. l, Suppl.' l98t

No dlfference Baa found in plas0ta godium'
potassirm, psoteins' o8nol€Iity and hema-
tocrit. After tro hou[a of auaPenaion' plaana
ANF concentration HaB significantly higher in
AoH rots then ofter one hour of guapenaion'
beinq 16.6+2 pg,/nl in the foriter 8nd 10.9+1.5
pqlnl in -the latter (p<0.05). A significant
increage raa aLgo noted betr,een the AoH' ItH

and I r6ts at 2 hours of auepension (16.6+!

iei ; t.slt pglml 8nd 72-'l gg/iL reapectivef)
Six houri after suapcnsion' oo difference
betreen the three groups Haa found. For 8Il
experimcntel etaqea, pleema ANF in PC ll88
siqnificsntly higher than in the other ,
qroupa (p(0.01). The Etrisl ANF conconttation
ir" i,ighir in the right atriur of AOH reta
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sfter 2h of suspension compe.red to
auBpension. l,lo difference j.n the Left
raa noted between any of the groups,

CP. at A^H D^oH

b6seline
clarified.

plssma ANF Ievels re||taina to be

In sulImary, the antiorthostatic hypokinetic
rat therefore 6ppe6rs to be a good modeL for
the study of the hormonsl oysten during
orthostatic lnsnipulations.

DRET( 50.87.22), CNES and UniversitC Cleude
Bernard
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To further examine the potential p6rtj.ci-
pation of ANF in adjustments to fluid volume,
re studied the effects of acute simulsted
weightleasneas on pLaana and 8tri6l ,rNF, The
earl.y horDonal changea induced by sinu.Istion
studies in the rat are not Ir€II documented. l{e
have also reported (5) in a hesd-dorn
sinulotion at 90 an increase in ANF pls8ms
level in hunan, Thig pls8llls elevstion was verv
r8pid (m8ximun Et ,0 ninutes) and by t hr
plasme ANF hqd returned to pretilt levels. lle
recorded 6n incresae in plasm€ IR-ANF
concentration after two hours of suspension
compared to orthogtatic hypokinetic or
isolsted animals. Thia increase in plasms ANF
traa tranaient. A ht9h6r Al,lF concentlatlon lrea
obaerved in the right etrium after tyro hours
of suspension compSred to one hou! of
suspenaion. It hss been demonstrated that the
releaae of ANF directly eorrel.etes yrith
changeg in right atrial preeaure in ,ater
iErEraed rats (9). Volume expansion, by
enhancing venous aeturn, could elevete aight
atrial preasure end increose the concentration
of .ight atrial ANF. Thus, these results are
consistent vrith those of Shetlock et al
concerning centrel venous pressure ch8nqes in
the rat during the head-down auspension.lll)

The second problem of this study wss to
choose an appropriste control. Ile heve
pleviou6ly reported (personal re6ults) that
the ANF plasms of rsta housed five in a
atsndard cage t{€s rrjch higher than in those
iaolated in plastic cages. The baseline valueoin orthostatic hypokinetic ot isolsted rsts
lre loier thsn thoae reported by aome
investigotora ('10, 8). our boseline levelB inrsta houaed five in I atandard cage Ere veryEimilsr to tho8e reported by Hoiky (S) i;
sneBthet.ized rats. ytheLher the stre;B of the.ata housed together csused elevations in
S-72



SPECIFIC BINDINC OF ATRIAL NATRIURETIC FACTOR
TO RENAL GLOMERIjLl DURING DAY OR NIGHT ANTI.

OR]HOSTA]IC-HYPOXINETIC SIJSPENSION.
(AOH)

G. Gauquelin, E.L. Schiffrini, R. Ggrcisr,
M. Cantinr and C, Gharib

LEteria.La end lttfEds

tlale Iistsr r€ts (210-250g) (Iffa credo)
xere lluspended in individual c6ges uaing
lloreyra tail suspenaion model (10) 66 modified
by Roberts (12) After 2 hour8 of auspenaion
animals vrere sacrificed by sodium pento-
bsrbital anestheai8 during the day or night.
BLood yra8 r.ithdreHn by sorts puncture and
kidneys were exciaed from the renal capgules.
Blood and kidneya froo orthostatic rats (AH)
or rata raa housed five to s stsndard caget
designsted Population cage (P,C), were used to
determine control parsneteas. ANF vlaa
extracted from plasms rith Vycor glaaa beada
snd meaaured by radioimunossaay (RIA)(7). To
determine glomerule! ANF receptor denBity and
affinity, glomeruli were i6ol6ted fro the
kidneys (r). The binding aaaay wsa perforned
aa described elgenhere (5).

The reaufts, expreased Bs nesng + SEll ' ,ere
evalusted by txo-way 6nalysis of varisnce. rrA

posteriori" cooparisona were mode rith Nermann
end KeuI's test. The binding data lrere
anal.yzed by procesaing ratr d6ta lrith the
computer-based proqrsm EBDA (8)and then the
denaity end 6ffinity of binding sitea no8
determined using the computer-ba8ed LIGAND
program (11), The results rere aasesaed by the
unp8ired Studentrs t-test and Here considered
significsnt at p<0.05.

Reaults

Labolstoile de Physiologie UFR Grange-Blenche
8 av. Rockefelle. 69r'lt lyon C6dex 08 Frence
*Institut de Recherches Cliniques de lbntr6al
110 Av. oueet des Pins H2}l 1R7 l'lontrda.I Quebec
Canads

Ab8tract -

The purpose of thiB study w6a to compsre the
day and night atriel natriuletic factor (ANF)

reaponses to AoH and to determine Hhether the
renal glomerulsr ANF receptors 6!e modifi.ed by
the durstion of AoH. l{e observed a significant
increage in plasma ANF in AoH rsts sfter 2 h
of dsy or nj.ght suspensj.on. The glornerulsr ANF

Deceptor population vras sliqhtly lower in AoH
thBn in attached horizontal rats (AH), Dlring
night INF receptola viele signifi.cant.Iy redu-
ced in AoH as corrpared to AH eninals. lle
conclude th6t the attenuation of the
netriuretic snd diuretic response during
night is associsted ,ith elevated plssma ANF

levels and decleased ANF receptor density.

Introductidr

There ere three nsin hormonal sygtemg
invo-Ived in blood volume regulation r

arqinine-vaaop!esein (AVP) renin-angiotenain-
aldoaterone syetem (RAAS) snd etrisl
nstriuretic fsctor (ANF). He observed (5) in
man, for head-dorn tilt during night and day-
time the same inhibition of AVP and RAAS 8nd
the asme increoae in ANF. But the natriuretic
End diuretic reaponses are very different in
primatea {hen thia nanoeuver is produced
durinq day or night ti.rne (9). The.efore, the
three msj.n hornonal systema involved in blood
volume regulstion are not directly i.nvolved in
the attenugted renal response during night.
Specific lecoptors of ANF hsve been
demonatr8ted in rst rensl glomeru.Ii (1' 2) snd
mey vory inversely with circul.ating levels of
ANF. The antiorthoatatic hyPokinetic
(AoH) nodel is currentJ,y u6ed in rst for
simulating weightleEsness (4).

For theae leasona' tre investigsted whether
the den8ity and affinity of ANF glooerulsr
receptors are modified differently durinq day
and night in the !at. Another Problen was the
choice of controla fo! such experimenta where
streas coufd play a major role.

PIBama ANF (Table II) naa significently
higher afte. two hours of BUspension during
day and night (19+2 vs 9+1 pg,/ml and '18.) ve
10.2t) pg/nl resp-ctively, p(0.05). For all
experiment€I stoges' plasma ANF in P.c wea
significantly higher then for AoH rats
(p<0.01). The nurber of ANF-bindinq sites
(Bmax fmol/ilg protei.ns) in renal glomeruli
was lower in AoH Efter tro hours of auspenaion
(429n2 fflEl/ng protein vs t1l+ 5 frlol/ng
protein, p<0,05) duting day. Drring night a
significantly lower numbeE of ANF receptors
Has obaerved in AoH snimale 069+2 fr,aL/fis
protein vs 455+t fr.r.l/ng protein, i <0.001).
Glomerulsr re-ceptor affinity (kd) waa
unchanged.
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The second problen of this study llsa to
choose an appropriste control. l{e have
obaerved (G. Geuquelin et oI, unpublished
tesultB) that the ANF plas,ra of the rats
houEed five in a standsrd csge waa rruch higher
thsn in those iaol8ted in pla8tic csges.
ilhether the stres8 of the rets housed together
cauaed elevations in b€selin pla$m ANF levels
lemeina to be clErified.

In aumrary, Yre can ccnclude thst the
natriuletic and diuretic reaponae not obaerved
durlog night can b€ aaaoclated ,ith s
docreaaed ANF receptor denaity.

DRET (50.87.22), CNES 6nd Universit6 Claude
Bernsrd LYoN I.
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The preaeot work rlea undertaken to define
the role of ANF in the develoFEnt of AoH
natriuresls. l{e have slready demon8trated for
ANF pla8ma the same reaponae during both day
and night if the same fluid rcdification
occure (6). The ain of the present atudy l.as
to cofipere the ANF reaponae to AoH during dey
and night in the rat and to deternine *tether
the renal glorErulsr ANF receptolg 6re
invo.Ived. During the day, re lecorded an
increEae in plesme IR-ANF concentrotion sfter
tuo houra of auapehsion as conpaaed to thot of
orthoatatic hypokinetic anirnols (Gsuquel.in et
al, unpubli.shed resultg). It haa been reported
that the number of ANF Bpecific receptors in
renal gfomeruli csn be modified by chronic
aodium intake and thst the8e changes 8re
inversely correlated ,ith plasm6 ANF IeveIg
(1, 5). }{e found the same increase during the
night 88 du.inq the d6y for pl.asm ANF. t{e
el6o found that tho number of spgcific ANF-
binding gitea in glofieruli f.om suapended rata
during the night is lorer than in the
orthoatatic.ats. The gloolerular ANF .eceptor
population 1168 slightly lower in AoH than in
AH during the day. Ihe X,{ wes the s€me during
d8y end niqht. Ihis findlng auggeets thet thi
regulation of glofierular ANF receptor3, by
chsnging the renal responsivenesa to ANF, Day
play an importsnt role, as do plasna ANF
level8, in maintaining aodiun and reter
horEostaaig.
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EFFECT OI EYPERGRIVITY (2G) ON II{E RTGE-

NERIIION OI' RlT IIVER

Introd.uc t1o!

Instltute ot ceaeral B1o1og/' P.J. Safri-
rlk Unlver8ltyr Koiice, C zec hoslovakla
+ Institute of trIe d1c o-Blo1o81cs1 Problens
Moscowr USSR

It 18 f,e1I kno'xn that aftet 2/3
hepatectorry an lncreage lE DliA synthe-
gli and trdtotlc actlvlty ln rat l1ver
occuree wlth the naxinum at 18-24h and
30-36h, respectlvely. The cellul'arlty
of uegene:'atlng liver quickly lncrea-
aes duriag tbe lIlst 3 day8 and rege-
neratLon ig nearly conplete at about
21 dav alter treatnent. fn the r€8ene-
ratlu.; lIver of rBts etcposed to i\yper-
cravlty (2G) the concentratlon of Bu-
J1e1c Lcidg, eapeclally of rlbotluclelc
acld rvBs lncreased st 24-30h tn conpa-
rlsoa w'1th noD-exposed rata. Hof,ever,
lD cotrnectLoD {r'ltb slower grcwth o!
regeneratLng Ilver Eaag the lncrca-Eent
ln-totaI contents ol DNA anat RliA as
well as the cellularity of orgaa waa
lower naln].y at the 72h. The lEblbltl-
on of nltotic actlvlty wa8 evldelt at
3Oh after partLal b,epatectoql. Exposu-
r€ to llypergr.avl.ty had Do slgrdfl'cant
elfect bn tbe ratlo ol prophase to ne-
taphase counts 8nd c hrolro s onal abnor-
nalitles.

tr4sle r:Bts ol Wlstar t:'81D te18bt1ng
about 22og rer:e uasd lD €xperlBerl. 2y'3
partlal bepatectory accorilitrg to Jtandard
nethoal ras pelforrd. one part ot anlBl8
lraa centrltuged lEEedlate1y alter the lHE
wlth acceleration ol 2Gr the second part
served as contrcIa. Rata ot both group3
wele exa.nlneal 24' 30 anat 72 hou!8 altet
lIiE and hypergravlty or PH.E aLotr.. quan-
tltatlve changes ln DNA and, RNA rere €s-
tlnatsd by the Eethoal of (5). Mltotlc
actlvlty ard lrequency o! cb.rooosol0al
aberratlons Eer:e deterslned by evaluathg
squash sIldes stalleal accoldlBg to Feul-
gen nethod. cellularlty per Dg o! tl8sue
aDd total. celIularlty ot llver rras 1nv€s-
tlggted by counthg of nuclcl ln auepeu-
sion usltrg a coult€r counter nodel zF.

Resul,ts a]lal dlscuaalo!

I! regeneratiDg 11v€! of l:ats expo-
sed to bJDargravlty tbe concentratlo! ol
nuclelc Lctae nanety ot RIA (}1t. 1) Ives
enhanced ol first tf,o intervals conpar€al
rr.lth that a?ter llll alon€.
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It lE well kloElr that tbe Prollfe-
ratlve actlvlty ot cell8 la tntact 1lver
o! adult r:ats is oa a very Iotr leve1.
lrost ce11s LB no:maI adult llve! ar€ tI1
a r€veralble r€8tlDg stage Gsr 81nce they
malntaln the ablllty to DNA 8ynthes18 and
Eltotlc actlvlty lncrea818 synchronoualy
rrlth a Ead.nuD at tha 1&24b or 3o-l6h'
re8Dectlvelv (1i2). The most intenslve
inci"eag iu 6ellularlty occurs w.lthln
flrst 3 day8 and full rcgeneEtl'o! 18
achle\Ied et about day 2'l alter surgerir
(3).

Ihere lore lLver regenerstlng alter
partial beDatectouy (?HE) tB olte! uae'I
is a rnodel'for 8tu'(ying pt'oceas ol gron-
th under varloua e)Qerlmental conal1tlon8.

I! tb18 Fork we have lEvestlSated
the effect of 4vperSlsvlty (2G) on 1IYe"
rereneratlon of- i"ati rlth1n the llrst
iiriee aavs after PI{E. lve h'aYe 1nvestl8a-
ted I1vei tel8ht ' qu8ltttatlve changss
in oul ana RII, aeilularltyr nltotic 6c-
ifvfty ana chr6mogornsl abelratlotr trs-
Quenclr
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| 2a ,0 ,2 V.. | 2a 30 ,2 hr.

Flc. 1. ReaeneratlDg llver ol rata a,ter
oaitlal hepatectonr'. I - lntact llverl
t - controir tt - hypergravltv (2G).

lotal DNA and RNA coateDts f,€re 10-
ner than contml values especlally at
hour 72. Lore! nuclelc acld conteat at
thl.s tine naa cauaed by alolYer Lncr€aae
1! th6 rel8bt o? reg€neratlng llver.

For the sa&e reaaon (1.e. for sloner
lacrease ln regeneratitl8 ltver irelSbt). 

-
iue total cellilarLty per orgatl 1[ partl-
cula! at bour 72 raa Eolte lnfluenced by
hypergravlty tban cel'Iularlty pel Eg
(Fls. 2).
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Th18 ls lD agreelrert rltb llndlng8 of(4). Ihey have found delayeat atart ol
dtotlc actlvlty ard Eitotlc lnd€x va-
lue reduceal to oEe-thlrd. or oae-quarte?
28 hours alter treatEe !t.

ID,cnaseal Eetaphaae to prophaee r:a-
tio l!'dl'catea tbe netapbase prcloagatlon
cauaed. by tbe l$Dergrevlty. Changes 1n
nuEbe! of chroEoaoEal aberratlols 1!
post netaphase rer.e not slgdllcant.
ConcLualoa

?r€aenteal results suggest, that
shortly atter ?I{E \ypergravlty aa.! actl-
vate Byntbetlc pr:ocesaea w1ch ls nenlfe-
Bted. by hcreesed. nuclelc acld conceEtra-tlo!. Ilowever a t:eEa:ncable lnh1bit1o! olnltotlc activity ra8 tounal r€sultlng ltl
reta"datloD i! DNA and RIA coDtent llcre-

DC
aH

Flg. 2. RegeneratLng 11ver ol ra
par-tia1 hepatectorv. I - lntact
C - contrcl, H - \ypergravlty (2

after
ve Il

Nucleua nealx volu.Ee ln rats e
lrypergravlty dldr 't iD.crea8e
ur€ coltrary to the contt:o18.

xp
ri.

ose d
thln

Mltotlc lndex of rcgeneratlng 1tverln control aninels lncrrdseg rapldly fron
hour 24 Ehow:lrg a naxlDu.n 25l-20- * O.51 %.at hour 30 after PHE (Fls. 3).

anent, total ce11u1arlty and. the welo! regeaeratllg flver fux rats expoae
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THE EFFECT OF SUPPORT UNLOADING

INDUCED BY MICROGRAVITY II,IITATION

Institute of Bio-Medical Problens, l'loscolr,
Sechenov Institute of Evolutionary
Phys j.o1ogy, Leningradr

INTRODUCTION
Among the attempts to aliscl,ose the ca-

use-and-effect relationships of microgravi-
ty effect on a living organism, the predo-
minant concept at present i.s Chat of a lea-
aling lole played by cardiovascular and ves-
tibular shifts.The role of motc!' system is
still poorly }inown. However, the close in-
terrelationships anong vestibular, motor
and visual systens suggest that peculiari-
lies of proprioceptlve activj.ty may explain
the najor changes in sensory interaction and
vegetative functional support, The most im-
portant of them is the motion sj.ckness syn-
tlrome which develops aluring the first ho-
urs anal days of nanned orbital spaceflights.

our previous studies with nicroglavity
simulation by dry immersion shor,ied that sup-
port unloading in this case causeal a decre-
ase in muscular tone and in muscular cont-
ractj-on stlength,as r1'e1I as muscular hypper-
reflection and coordination alisturbances.
AII this decreased the accuracy of reprodu-
ced muscular efforts anal changed the biome-
chanical structure of locomotion (1). The
above synptoms were very sinilar to those
found earlj.er during the postflight period
in the cosnonauts after 7-day flights onbo-
ard the "saljut-6" station (1,2).

Imication of support 'loading" by pe-
riodical and prolonged pressures on the fo-
ot via the "support" device during real we-
ightlessness j.n one of the crew members ca-
used a marked alecrease of rnoti"on sickness
s].mptoms, and, therefore, blocked the expe-
cteal microgravity effects during the post-
flight perioal (2).

we were able to achieve the closest
initation of weightlessness effect with the
help of a new microgravity toodel - costume
irunersion. This nethod allows a nelr level.
of suppolt input unloading with free notion
as lrell as of orientetl vertical and hori-
sontal rest during up-to-the-neck water
imnersion in a hydrocostune \,rith an inflat-
eal heaal restrain.

Besitles, it should be taken into acco-
unt that in performing specific j-ntegral
motion programs, as well as, in rnechanisms
of sensoryfunction shifts adaptation an im-

portant role in ensuring sensory intelactions
is assigned to lhe cerebellun (3-5).

The ain of the present study was to
determj.ne the effects of support unloading
during microgravity simulation by costumej-mroersion, to compare them with those ob-
serveal during real lreightlessness and withpathological disturbances of propriocepti-
on and cerebella! control.
METHODS

the motor effects of microgravity we-
re studied in primates ( Rhesus-monkeys )during flights along parabole of Kepler(pl() and onboard the 'Cosmos-1514" biosate-
llite. lvo rnonths before the weightlessness
experinents electrodes were placed for re-
gistering ECG,EEG,EOG in two leads, as well
as EMG of flexor and extensor rnuscles of
the lower limbs. fhe fixation systems allo-
rred for sinusoidal swj.nging of the animal
in the vertical plane on-board the aircraft
and the biosatellite. During parabolic
flights wej-ghtlessness lasted about 20-30s,
such seances were repeated 10-12 times, the
duration of exposure on board the bio6ate-
llite lras 5 days. Postflight studies of nus-
culo- sleletal system, f'orEevelocity charac-
teristics of shin muscles, orthostatic to-
lerance ( as shown by stabj.lography ) in
cosmonauts were carrieal out on 22 crew nem-
bers of " Saljut-6 " and " SaLjut-7 "stati-
ons. These research methods were described
in more detail ea!lier (6) . Stabj-lographic
studies were carried out on 12 patients
with motor disturbances anal cerebellar ata-
xy. They idere conpared lrith a control group
of 15 healthy males from 24 Lo 34 yeals of
age.

The costume irnnersj-on stuali.es were do-
ne in 10 male volonteers of nedium physical
fitness, ageal fron 24 lo 34. The total tj-tne
of balanced floating rest (the horisontal
postule) and of seni-inu[ersion ( the verti-
cal posture) was 72 hours. Before and after
costume irurersion (CI) stabilographj.c data
were studied as well as corrective respon-
ses of locornotor tests ( walking on a soft
and firm surface ); the status of the ves-
tibular system was evaluateal by EoG, senso-
ry and vegetative responses to a standard
accelelation of corioLis and by the nature
of vestibulo-motor interaction during gaze
fixation reactinos.

Genin A.!.1., Lacota N.c.,

Aizikov c.S..crigoryan R

Kreidich Yu. V.

A

RESULTS

Effect of real rnicrogravity on notor and
vestibular reactions, The transfer of the
monFErs-To;alqEEIessness during parabolic
flight nas accompanied by narked changes in
EMG nuscle activity in the hind lirnb, a
high-anplitude ( up to 800 mkv ) conponent
of burst acti.vity of up to 600 ms dulation,
followed by moderate activation- which un-
derlay rlpeated short burstsddecreasing
amplitude. The total duration of the EMG
reaction was 3-3.5 s (Fiq.1). During repe-
aled t/reightlessness seances the anplitude
of EMG reaction decreased, but their dura-
tion t1,as almost unchanged. with the eyes
closed, the amplitude of EMG activi"ty nar-
kedly j.ncreased, EOG during the first lreigh-
tlessness period registered single weak
nystagmoid movements of up to 50 nkv ampli-
tude, which after 5 or 7 seances becone
markeal high-frequency ( up to 20 b/s ) nys-
tagmoid reaction of up to 80 nkv amPlitude
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and total aluration of about 2.5 or 3s (Fig
2 A).

T--r. IME
S
Sro. Aupr-.

H

slmchronous modulation with periodg of naxi-
maI accelerations that apDeared during the
doi{nwald novement of the aninal capsule

YE cLos

Fig. 1.Changes in El,!G activity of monkey
as a result of repeated effect of micro-
gravity. 1-4 pK - numbers of parabolaS of

felter. 15s holisontal line - Seg.Anp1. His-
togr. of El.lc activity.

1srl

ailward alirection) .Sinultaneously
ppeared nystagmoid eye novements on

( Fig.2 B).
e latency period of the Lift reac-
the monkey flown on-board the bio-

salellite ras practically unchanged for the
Posterior tnuscles ( 72 ms vs 59 ms preflig-
ht ) and sonewhat increased for anterior nus-
cLes ( 70 rns vs 58 ms basel ine )Latencies of
the second and the third components of the
El'tG responses of the 1j-ft reaction j.ncreas-
ed markedly - to 133 and 1.44 ms vs 80 and
112 ns baseline, respectively,
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Fig, 2. Effect of lepeatetl real microgra-
vity - A and vestibul-ar stinulati-on - B on
pattern of Eltc and EOG activity of nonkey.
6,1 pK - nurnbers of parabolas of Kepler.

The EUc reggonses to vestibular stimu-
li ( swinging ) duling microgravity uere
significantly facilitated, particularly if
registereal rrith ini,tially increased nuscu-
lar activity. During swinging r{e observed

Fiq. 3, EMG .lctivity and forcevelocity cha-
racteristics of lower limb nuscles in a
participant of "SaIjut-5' expedition, A-pre
and B-post flight periods.Testing with the
isokinetic 'Cybex" dynamometer with the ve-
Iocity of 120 degls.CaI. for EI.!c-nV; tolgue-
-ftllbs, velocity-deg/s, position angle of
the foot-deg.

The effects of 7-dav microgravity on
the cosmonauts' motor sysiem Weri seen- in a

il

IIr,,"'

I

I

8l

TIME

I

I

i

s-78

ToRO U E

rirl

lllrrrrr rr rrr



lowering of the muscular tone, hyPerreflex-
i.on of both skeletal anal muscular recepti-
on.The skeletal reception thlesholds, as
shown by perception of foot zones viblati-
on,vrere loireleal more than tvofoltl.There
was a rise of tnuscular sensj'livity thres-
holds as sholrn by Achillov tendon reflex
paranete!s.During isoki.netic dynamonetry
there hras a decrease of maxinat motnents of
force in the gastlocnemius muscle by 20-30
Der cent in all lest ranges. EI4G showed the
rnyographic cost of the effort of graded
exercise increaseal 1,5-2,0 times ( Fiq. 3).

In so;ne cases che EMG of anterior muscles
during exercise s'ith test loading showed
coactivation of the antagonist nuscles.
This activity was lover than their orm EMG

exercise resPonses, but it reflecteal cons-
tant palticipation in antagonistic cycLes,
causing easy fatiouability ( Fig. 3 B).

EvEs cLosED

including extreme manifestations ( vomj,t-
ing, aversion for food ).These s]rtrlptoms
were close to those seen during the acuteperiod of adaptation of costnonauts to
weightlessness. During the fi.rst hours af- -:

ter CI, as studies in the vertical positi-
on in standard postures ( free posture,
Rombergrs posture rrith open and closed
eyes) show, there was a marked decrease of
orthostatic tolerance.This \{a s manifested
by an increase in the anplitude of cCG os-
cillations in the frontal and sagittal .pla-
nes, the magnitude of high-flequency (1-2
tlz) oscillations, grorring in number and
anplitude,The histogram of frequency osciL-
lations in the free posture r{,ith the eyes
closed ( Fiq. 4 c,d ) shous a resetting

from frequenci€E of 0,3 - 0,5 Hz,characte-
ristlc of the basel.ine, into the frequency
range of 1,0 - 3,0 Hz.The decrease in tole-
lance vas characterized by a markeal incre-
ase ( up to 50-80 nkv vs 15- 20 m]<v ) in
EMG cost of the vertical posture with pre-
'lo..rinating activity in anterior shin mus-
cles.when closing the eyes and assurninq
the Romberg postule vertical tolerance be-
came still lower: there vras a loss of eq-
vilibrium with swaying in the frontal p1a-
ne ln 10-15 s. and the Elrc cost of the pos-
ture j.ncreased to 80-100 mkv ( Fig. 5 ).

A EMG M.

EOG vERTtc^L

Swlvtt't6
the body

*
a b

;l
.JL", 'l,,oftr,.

t

Swe vrl c ^the body \.

i.h*". ,J,.
Freq,uency

%

;l
i

Fig. 4. Effects of reai and imitated ( cI )

mi6rogravity on human vertical tolerance
in the Ronberg Position'The frequency spec-
trum of general center of gravity oscilla-
tion.On (a,b)-7 tlays pre- and post- space
ftight; (c,d)-before and afte! 3 days of
cr.

These effects were short-term: they vere
rnaintaineal ti11 the seconal day.A decreased

or.ttrostatic tolerance ( as shown by stabilo-
oriohv)l Fiq, 4 a,b ) !,ras seen in standaril
po"lii"", ,hi"h ,r.. characterized by an
increased oscillation amplitude of the ge-
neral center of gravity ( GcG ) from 0,5-
1,0 Hz to 3,0 Hz.The shifts of posture re-
oulatorv mechanisms were reflected in an
i,S-fofi increase of baseline EMG activity
in shin muscles.on closing the eyes and as-
suming the Ronbelg posture EltG activity
grew still higher, and muscular trenor ap-
oeareal.

A study of vestibulo-rnotor leactions
after the ffilht was follo$ed by an increase
oi vestibulir canal excitabili.ty indicated
by an increase of the gain of vestibulo-
-ocular reflex.

Frequency

Ef fect initated nic! ravit on motor
an vest ar react l-ons. uring the 3-day

Dattern of vertical tolerance
iMc "nd 

eoc activity before-A
3 dav CI .Testing of the stan-
i n.itu"iq ) Position 'cal ' -2oo

-->l 1c l--

B EMG v TI B IAL IS

G v snrtceL

i

E

I

t EYES CLOSED

Fig. 5. The
as shown bY
and afte! -B
dard posture
nkvexposure to CI all the subjects showetl

marked vestibulo-vegetative dislurbances,
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It should be noted that EOG lesponses
in the baseline period during vertical to-
Ierance test, were insignificant. There uere

only soli.tary low-arnplitude eye deviations
in the vertical plane ( Fig. 5 A ) .After
CI in the Romberg posture and locomotor
tests with the eyes closed we registered
marked nystagnus reactions in the vertical
plane.They were cl.early correlated lrith
anterior rnuscle reactions to maintaining
lhe veltj-cal position ( Fig. 5 B ).The am-
plitude and duration of these EOG leacti-
ons reflected individual. sensitivity of
the subjects to the Coriolis acceleration
tests .

B
.. tlDl.l lt

A
EYES CLOSED

tib;.ti6 -tm8 a

-. ^-.a. oaati. lataf.

B.. tibi.t is

A
EYES OPEN

F$g .. .,1',1i,."'"" -.t"!lL --- --
t,o:)

r. e.atr. lat.r.
----

!trt t. c

r. eratr. lat.r.

.. eaatr. l.tr?.

.. o.rtr. l at.r.

tame

Fig. 5. El,tG activity in shin muscles du-
ring the walking test on a firm and soft
surface A- before and B, C- after CI.The
horisontal line - Seq. AmpI.Histogr. EMG
activity.Tne right-hand s)rmbols show the
degrees firmness of support.

After CI Iocomotor reactions ( lraLk-
ing tests rrith different degrees of firm-
ness of support ) irith the eyes opened and
closed,were significantly changeal.All the
subjects shoeed an increase in El4G cost of
the moto! cycle uith a greater shin muscle
EMG anplitude ( u9 to 1,5-2,0 mv ) and du-
ration ( up to 900-1 200 ms )- control
vaLues 0,9-1,1 mv and 500-600 ms respecti-
vely ( Fi.g. 5 A,B ).A najor cI effect was
levelling of amplitude of E!,lc responses
l.,hen valkinq on a firn surface alternated
with a soft surface.During the baseline pe-
riod the transfer from a firm suppolt onto
a soft one lras differentiated by suppolt

Perception; the response 8MG on soft surface
was aluays highe! by 200-300 nkv than on
firn surface.Afte! CI this differentiation
1,as qone, sugqestinq a cha
perception thresholds.Walk
ened on soft surface uas
clear sinphasic response o
muscles vrith an arnplitude
( Fiq. 6 C ).

tamc

Fi.g. ?. Relationship of shin nuscles EMG
activity with visual control during the
ir,alking test.A -before and B,C -after CI.

( For symbols see Fig. 6 ).

t{ith the eyes closed, all the sub-
jects showetl uncertain shaky gait, synpha-
sic Ellc lesponses of anterior shin muscles
were seen when walking both on soft and on
firm surface ( Fiq. 7 B,C ).

Posture regulation in patients with motor
f unction disorderes.veitiEEl Tolera
shown by sta5ilography in healthy subjects
was small cCG oscillations in the flontal
plane.There vrere no significant differen-
ces betrreen stabilograms reflectlng the
initial positions in the free posture and
in the Ronberg posCure.Closing the eyes
increased the differences both for the
frontal and sagittal stabiloglatns.In spj,-
te of the sj.gnj.ficance of mean velues, the
lesponse of cCG oscillations to closing lhe

eyes lras variable.The stabilographic
index ( per cent ratio of mean anplitudes
of GCG oscj.llations with the eyes closeal
and opened for each of the planes ) was
120t for the free postule anal 140t for the
Rombelg Dosture.

I
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In patients $ith noto! disturbances
and cerebellar ataxy the baseline values
of the amplitude of GCG oscillations with
the eyes opened, as shown by stabilography,
vrere greate! and there was no significant
differences betr,reen the trr,o postures ( Fig.
I B,c ).c1osing the eyes caused a signifi-
cant increase i.n the mean vaLues of the
anplitude of cCG oscillations ( from 5,0-
5,5 to 11,0-13,0 mn ) in both planes ( Fig.
8 B,C ).Along with the grovth of the ampli-
tude of cCG oscillations, there were chan-
ges in the flequency spectrum of stabilo-
grafic resgonses. During the baseline study
with eyes openetl the Drealoninating frequen-
cy rras 0,3-0,7 Hz ( like j.n healthy per-
sons ) , and with the eyes closed the freq-
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uency of GCG oscillations grew significan-
tly up to the 1,0 - 3,0 Hz range ( Fi-g. e
B,C ).The responses to closinq the eyes we-
re tnuch more pronounced in subjects vrith
notor disturbances, including cerebellar
ataxy.This was reflected j.n stabilographic
index values which were 150 and 210 t (the
frontal and sagittal planes, respectively)
for the free posture, and 180 and 230t for
the Romberg postule respectively.

the vestibular system, on the contrary,the-
re were growing changes testifying !o a ri-
se of the threshold of its sensitivity.The
joint analysis of EOG and EltG data showed
that beginning \.rith the S-th or 6-th weight-
lessness seances, lrith already narked adap-
tation of molor reactions, there aPPear at
first isolated nystaqmus eye tnovenents then
clear nystagnus readion' accompanying the
EMG leactions to postural changes. It can
be supposed, that durinq the acute period of
adaptation, such a grordth in vestibular sen-
sitivity reflects nctso much in the vestibu-
1ar system itself and in its recePtors as a
decrease of proprioceptive input with no
support and gravity. The inhibitory nature
of proprioceptj.ve effects on the vestibular
systen under norrnal conditions gras noted by
Gernandt (7) during his electlophysiological
research stualies of systens of sPinal cont-
rol of notor leactions.rto (8) obtained the
sane results on a vestibula! nuclei 1eve1.
Results of the "Support" experiment the Cu-
ban cosmonaut T.Menzes during a 7-tlay sgace
flight confirn a biological. nature of such
interrelations(2). Irnitated suPPort by ar-
tj.fical pressure on the receptor zones of
both feet,fully supplessed his spatial il-
lusions and vestibuLar aliscomfort, caused
a sense of weight in the "lovrer" extremities.
the aDpealence of a "top-bottom" feeling
made oij.entalion nuch easie!, and also faci-
li.tated movement and r{ork on-board the sta-
tion. Taking the device away fo! 1 or 2

hours renewed illusion of a turn-over of
the body and caused growing symptoms of ves-
tibula! dlscomfort.

It can be supgosed that nj'crogravity
alters the initial character of the vesti-
bulonotor relationship which underlies sPa-
tial orientation and supporting the body in
space. Under these contlitions mole Plonoun-
ced nolor responses correspond to vestibu-
tir stimuli. buring swafng of the aninal in
rreiohtlessness, we note_d an accentuation of
i,na'gMc aa"ponse and synchronous modulation
,rith Deriod; of naxi'ma1 acceleration in the
'.iirri.a directi.on, which uas Practically
absent under natural condition' These ef-
iects are not linited by the sensory and
somatic systens,but also sPread to the ve-
s.iiti". 

-system. tnis is suggested by such
iherro.et. is the devel opement in nost cos-
lnonauts of motio!! sickness tluring transfer
irorn the smaller transport vehicle volurne
io it," qr"ate. volume ldue to additional
vestibuiar stimuli appearinq in the Process
of transiti"on,-- --ih; significance of microgravitatj'onal
shifts in tfre motor system is seen from the
poitffight alata on cosmonauts an'l subjects
in-rn"aei experinents. rn the absense of 9r3-
vitv it becomes unnecessaly to make the
,.r"r-ril. rnrs",rf.r efforts for maintaining the
oosture relaLive to the gravi.ty vector'
iti"t ."ao*ra" the objective reason for mus-
l"iii ,"tr under antiphasic ( agonists --
antiqonistst conditions. AdaPtation to the
ner., 6ituation of moving during weightless-
rra"" ,"" accompanied by the develoPement.
of a new tvpe of responses - not antagonrs-
cic, but i61nt. rraces of this shift !'ere

"..n 
a"tiis the post-effect period i'n cos-

nonauts vrh;n testing lhe notor systen as.
;;;;;i;.;i;; oi a,,t6rio' shin muscre acti-
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Fig. 8. The effect of visual contrcl on
the vertical tolerance Pattern in standald
postures A- control qroup, B- patients wi-
th cerebellum disturbances, c- dis!u!ban-
ces of propliocePtion. The cilcles shou the
position tested.( s,f )-sagittal and front-
i1 platt.", as shown by slabilogram.

The results of animal studies during natu-
ral nicrogravity show that the irregula-
iitv and inadequacy of motor and behavio-
ral responses ieen on the EMG during the
early piriotl, vanish rather quickly' The

itieisi, ot visuar control of the body posi-
iion uqqr.tates motor disorientation and
deterioiates the adaPtation processes' llo-

'r""er, ttte nature of adaptive changes is
different fo! different sensory systems'
For the motor systern, each subsequent sean-
." oi .i.".o9t.vity { px) is charactelized
lv a transfer from stormy muscular hyper-
ilti"ity to the deveropment of efforts or
ao*ra^"rrt" of a more atlequate EMG cost' In
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vity aluring the posterior muscLe responses,
in synphasic responaes of shln rnuscleg alu-
rj.ng corrective reaction to naintaining the
posture ( 1,2 ). The Eltc cost of rnuscular
efforts was changed, and quick-velocity no-
tor reactions i{ere lost as inadequate for
the ne!, environment. slorr, smooth moveloenta
prevaileal, rrhich was confirmeal in the stu-
dies of force-velocity characterj, stica of
shin and hip muscles aftar fli.ght (2) . It
shoulfl be noted. that in initating micro-
gravity with dry irunersion hypokinesia, we
faiLed to finil the described patterl. This
was probably alue to the peculiarities of
this nodel-hypokines ia and a lesser degree
of support input unloaaling. Stualies with
our mj.croglavity model - CI - allow a qua-

litatively greater support unloading with-
out limiting the subj ects 'movements during
many days of floating. On the contrary,
these studi.es allorred the cloaest imitation
of real microgravity. Synphasic responses
of shin muscles uere monitored during ,a1-
king on soft and firrn surface. This rras ac-
cornpanietl by changes in muscular and sup-
port leception, and a groeth of EMG cost
of naitaining the vertical lrosition. The
frequency spectrun of cCG oscillation noved
into the high freguency range and resembled
that seen in cosmonauts. It shoulal be noted
that the notor systen aalaptation to CI lras
accornpanied in most subjects by motion sic-
kness sl'mPtolns, During the adaptation peri-
od this was seen as involuntary slowing na-
tural motor action and limitation of sharp
head and eye novenents.

This, CI, without a direct effect on
vestibular receptors, created support un-
Ioaaling effect, antl allo\red irnitation of
motor and vestibular sensory responses si-
milar to real wej.ghtlessness ef,fects. Thj.s
may cast doubt on a causal relation between
motion sickness in coshonauts and a alirect
vestibular effect of nicrogravity. Hot ever,
adaptation of the motor aystem to microgra-
vity becomes irnpossible after renoval of
the cerebellun (9,10) - a system controlling
and regulating coordinatory patterns of nus-
cular contlibutory activity. During support
unloading effecb are seen which result from
proprioceptive insufficiency. The rnotor ana-
Iyze! praccically falls out of the evoLutio-
nary pattern of proprioceptive vestibular
control, facilitating or stinuLating inade-
quate reflexes, Practically this is rrell
seen in patients lrith disortlered deap tnuscu-
1ar sense antl cerebellar ataxy ( multiple
sclerosis, tabies dorsalis, Frialreich's di-
sease) . Such patients aluring stanalingr par-
ticularly with the eyes closed, show swaying
oscillatioos of the body, stinulatinq vesli-
bul.ar activity to conpensate for sensory
visual anal proplioceptive information defj.-
cit. The reverse effect is seen with domi-
nant progrio-tactile flow8 that not only
block vestibular activity itself, but also
the reaction caused by it: illusions, nys-
tagnus (11), vegetative disturbances (12) .
In aninals maintaining constant contact
with the support, the labirynth overturning
reflex lras fully inhibited, with the eyes
both closed anal opened (13). In the case of
real short-term microgravity, the loss of
contact with the support markedly faciLita-
ted vestibular and vestibulo-motor reflexes
in response to lift motor stinuli (14) . Ho-

wever,

prolonged expoaule of animaLs to rnicrogra-
vity on-boaral the biosatellite did not cau-
se disruption of the functional vestlbuLar
reflex chain. As seen frotn EMG responEes of
oculomotor muscLes antl linb muscles, the Ia-
tency period of Lift reactiona did not chan-
ge significantly fron the preflight period.
similar results have been obtainetl earlier
aluring a post-flight stualy of rat6 which
had been f lolrn on bLosatelliteE (10). But
the latency period of these reaction, judged
by real rnultistage movement,rras narkedly
greater than the controL values. This neans
that the lablrynth-inducetl motor action du-
ling the post-ftight period iE upaet not be-
cause of vestibular changes, but through a
tnuscular effector and nechanj.srns of supra-
segmental regulation, in parti.cular cerebel-
lar mechanisns.

CONCLUSION

Based on the stuily results, it can be
supposed that rnost of microgravitational
changes connected wieh the labirynth, are
paeudovestibular in character. They result
from loss of contact with the support anal
_Droprioceptive afferentation deficit. This
Proprioceptive afferentation is lhe domina-
ting factor in the regutatj.on of nany. if
not all, vestibular phenanena.

During microgravity, the primacy pro-
prioceptive stirnuli and the cerebellar me-
chanisms of their regul.ation underLie veati.-
bulo-somatic. - sensory anal - vegeeative
changea, including their extrene form -
notion sickness.
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F. HlavaEka, U. Bles+, Ch. NJloklktJten+

of the subJect reEslnatl epparently un-
cha.nged after lO deys of uelghtl€ssEess.
Hovever, the late (po!t 5OO !0s) responae
Ehowed hlghsr aEplltudes than wss foundple-fllght (Kenyon and foung, 1985).
In the present stutly we obse:red tbe

stre68t1.rl influence of conblnetl vBstt-bule? entl vlsuel st1Eu1j. given ln ni.s-
netchlng notle on both body balence and
orlentatlon control aystens.

Abstract
A slnusoidel galvanlc stlEulatlon of thelabyrl.nths and the vlsual stiBuLetlon by

slnusoldal tlltlng rooE yere glven 1n -a

varlable phase relatlonshlp. The value ofthe phase between vtsuel and vsrtlbularstltsuIl 
- 
evoklnE naxlnal body suay andstressful co[trol of upright posture- wasexaalned. The vestlbular stlnulatlon had

an expresslve postural effect ln lateraLtllrectlon Eore frequentlv than vlsuelstlEu1atlon. Analysls of lateral stsbllo-grars alurlng stance on lO cD foau rubbervlth blEodal vestlbular and vlsua1stlEuLatlons lndlcates a stronger
stlEulatlng effect of the stlnul1 whfchar€.ltr phase or nearly ln phase. In sonelubJects thls slnulatird seisorle confllct
caused a loss of orlentatlon end eyokedvegetatlve effects slnllar to lnltlal
stage of lootlon sl chtes s.

Flg. l. A block dlaSran of stance controldurlng blnodal yestlbular end vlsual 8t1-Eulatlons, yrlth varlable phese lag(o - 35eo;.

Introduetlon
Inforration about actuel posltlon of the

body orlglnetes nalnly in i1sue1, vestl-bular and sonatosensoi'5r ayBteDs.'fhis ln-tegr€tlve effsrent lnfot!6tlon ls utlLlz-
ed by tha gprlsht postural control systonfor oalntalnlng the boaty center-of:Eaas{lthln-the foot support irea probab).y lntro nodes. Plrst ls a dynaoic posiure
stablllzatlon by the contr6L of iefle:-I1ke actlon of iuscles to a rapld pertub-
ation of posture.h tha centre- of Lur ln-t€rest i.s the secontl Eode yhtch lncluilesthe statlc postural aitjustment of theequlllbrluE polnt of upricht Dosture svs-ten. ft hes been lndlcated that afferintlnfomatior 18 not us€d slgnlflcantly ioirapld po8tural control. But the Do8iural
Iow- frequency aalJustnent of body iosltlon1s hlghly tlependent on vlsual. ie'stlbular
end a proprloceptlve feedback- (Dlener et41. 1986) and therefore ls nore sultableto b6 lnfluenceil by slnusoldal affereni8tlEu11 (B1es st aI. t977). FroE thlspo{Irt of vlsr^lt ts_l4terestlng that theearly (pr€ 5O0 ns) El& char.act6rlstl c8 inresporse to a dlsturbance ln the postuls

s.84

fhe vlsual stlEulus waa a slnueoldsllvvatlrlng lateral^tilt of thc rooE wlth e;enplltude of 5" to elther 81de. As avestlbular stlEulus we us6d a bIDoIarblnaural stlnulatlon of th€ faUvrinifre
9y slnusoldal current ulth araplltuie Sinf
Ipes} t9 peak Znl). The freQuencles ofthe both sinusoldal stlEull udre the saEe(O.l Hz). The pha8e lsg between bothstlouli wa8 randonly taken fron thevaluess o, 45, 90.- 135, leo, ?Zr, Z7O sndJl) detree, itre DeasureEeni for'on erpe-rlnental . sltuetlon wlth fixed phase vaiuelasted 5O s. FroE tape recoids the va_rlance,of anteroporterlor (A!sd) snd Ia_teral (IJnsd, st8bllograns and Dow;rspecrr€r denstty of stabllo8rans (pSD, lnboth Alrectlon were coaputed. gxDerlEent

was carrleal out ln four sltuatlon-s of thestance control:
Control - stance wlthout stlEulatlonGS - galyanlc stinuletlon oniv--TR - tlltlnr room onlv
cS + TR - btuottal stlmulailon with

varl.eble 
- 
pbase lag durln8

stance yith or rlibout 16 cnthlck foaE rubber

TESTIBI'LAR - VISUAI CONFLICT DURIXO
STATCE CONTROL AS A SIIII.rIATION OF

SOUE EFEECTS OF !{ICR@NAV ITI

Ietbods
Effect on postur€l stabluty of slnusol-tla]' lateral tlltlng of vlsual surround-lngs together wlth vestlbular galvanlc

stlEulatlon vras studled Ln I healthy sub-
Jects (Flg. l), The tl}tlnr rooE- res
closeA (2.5n x 2.5a x Zn) Uit for a holeln the centre of the floor whlch admltted
the stablloEeter for botly suav rocordln!.
T?l€ subject atooC on thB- stabiloBeter a;d
he tas lnstructed to stsnd uprlght reLsx-
eal.

Instltute of Nor:lal and Pathologlcal
Physlol.oty, CFS, Slovak Acatl. Sclences,
8t3 7l Bratlslavar Czechoslovakla
+free Unlverslty HospltaL, l0O7 liB
Ansterdan, The N€therlands



A draDatLc sonsollc confllct rar obscrv6d
alurlag thr rtanca on the foeE ,:ubb.! la
the lltuatlotr rh.D vastlbular aDd vlsual
Ethul,stlons caDe 1a phase (Ftg. 2). the
subjects showed conslder€ble lateral body
sway and percelved that the tlltlng of
the roon was stopped. Thls 'allsorlen-
tatlon" wss repeatedly conflrEad. lvhen
experiBental slluatlon \,as stoppe4 sllght
vegetatlve syBptons of notlon slckness
were observeil.
Fron our results can be concluded, thet

the blEodal vestlbular - vlsual stlmula-
tion showed a stronger conmon sctlon on
posture control '{hen stirtru1l wele ln
phase or near to thls conditlon. Loss of
orientatlon d,urlng stonce control or ao&e
vegetatlve syElptoris of motlon siclgless
were obse''lled onlv when 811 three
sfferent systePs (iestlbuler, visu8I and
proprioceptive) \rere attscked and worked
ln unusual condltlons. Slr0ll,ar unusual
actlvity of afferent sJ'steEs Ls s1l tlEe
actual ln mlcrogravlty and therefore we
can consltler thls type of sensorlc con-
fIlct as one poss!,ble source of spsce
Dotlon s lclIre ss.
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Fig. 2, 'Ihe records of body sway ln lats-
rsi LR snd anteroposterloi AP 'directlon
durlng stance on foaB tubber. Comon
actloi of galvanfc stiEulatlon (GS) aad
tlltina roon (TR) ls shoym on two subJects
A, B. the^polnt from whlch stlouli sre ln
phase (O-) - "ill sorientation n, 1s tnttl-
csted by alrotr.
To get a Dore pronounced effect ot

vestlbular - vlsuaL stlEulatloa, ln
experinent wlth two subJ€cts the lorver
),lnobproprloceptlve lnforoatlon w8s
reducetl by the stance on the foa[ mbber.
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Results and tllscuss lon
A slngle vestlbular galvanlc (GS). o1

visual-stloulatlon by Ittttng roon (TB)
evoketl aa lncrease of aEplltuale of body
suay 1n lateral dlrectlon. (I[avaEkar and
Njl"oklktjien, 1985.) Ihts effect ' was
Eanl:ested by lncrease of the leteral
stabllogreE varlanca. Slnultaneously were
reglstered slgnlflcantly highcr PSD
values of lateral stabllograns vlthln the
freouencv ranre 0.1 Hz what conflroed I
spedl:l"' lnfiuenee of the nentloned
st1!0ul1 on postural control. Ihe gal-
vanlc ati,Eulatlon shoved a uarked
postural effect llore frequently thsn
vlsual stlEulatton.
Drrlng blmodal stlEul.atlon (IR + GS) the

aEplltualc of evoked body sway ln latcral
d.lrectlon was lnfluencod by the vslue of
the phase Iag botwecn stlnull. It is of
lnterest, thet the reletlonship between
the value of the stLEull phase 1ag antl
the varlance of latersl body sYray was
hlghly lntttvldual. ft seens Ilkely, that
denend to stabllize uprlght posture 1n
unusual condltlons for the actlvlty of
afferent systeEs lnlclates a new antl the-
refcre lndlvlduel solutlon' StmLlar fect
of the large varlatlons ln lnillvidual
styles for the processlng of sensory
orientatlon slgnals !n unusual sltuatlon
durlng welghtl6ssness was reported ( Young
et B1:, 1956 ).
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FOLLOII UP OF THE GASTRIC EHPTYI G (G8)
BY ULTNASOUTIDS AFTER T STRESS ( ROTATINC
CHAIR). INTEREST OF lHIS XETHOD IN
SPACE DURIXG SPACE XO?ION SICI(NESS,

r.maina hypoth€tic ( l, 5, 5). HoBev€r
tho vomiting cent€r may bo !til'lulAt€d by
different t,!ys like the cathecolll'lin€r
( €piD.phrine, dopemines), the v€atibular
efferencea, the vagal nerv€.. end can
dirturb th€ gaat.ic funct!on laading
to .n i.ncaea!a of th6 gaatrlc emptying
trme or to r audd6n volhiting..
- Ih€ aim of thia study ia to
inv€atigate fu.th€r th6 relationrhip
bets6en motion !icknesa symptoms !nd
l nduc6d gaatric emptying dalay ( b€for.
vomi t i ng occur) ri th th€ h€lp of !n
echographlc lnethod for m€.rurinE the cE
t ime.

Ph,
J.I
L.

AREEI LLEO
. POTTI ERO
POURCELOT.

R. VILI{ALLEO . F PATITO
L. PLESROFO . C GHANI BO O.

!{IESDUSITS!

- Tha proximrl stom!ch regulatcs
r nt ragaat r i c praBaur€ and thereby
conlrola gaatric eltptytng ( cE) of
lrquids. DistaL Btomach retrina gr!trrc
aol!da t.hilo rt the a!fie tim€
trrturating thcD ahd h!s ! minor role rn
GE of Iiquid { 3, a,7).
- Durtng lllotion aickness diq€stion
function ra impai.red nore or 1eBB. the
Dri n Symptoma observed !re !Dorotl6,
nausea, vomi t i n9, pallo., headeche...
( 8). Ih pr€viou8 observationa rt haa
been raportod that n!uaea rlsayB
pr€cedea vomiting ( rotating-chrir t.at,
zero g perrbolic flightB in aircr.ftE).
On the contrary, during aprca notion
aicknssa vomiting 6ra fFequently audden
in onaal rithout any nauaa6 or oalaiae
before ( l0) .

- Tha B€arory conflict theory ( unuaual
informationa grven by aenaory raceptor6
mainl.y viaual ahd ve!tibular) ia nor
!cceptrd rr the atarting point of motion
ai cknsaa.
- Tho mechaniBm of strmulrtioa of the
vomiting center ia very compl,ex and

II .TAIEBtIt AlD ISIEQD :

II-1 Yel_gDggg[B_ :

8 subJecta { 5 meh, 3 woi}en) bets€on 23
to 38 yalra old ( m€an = 28) r.eis
rnvolved in the atudy. l{one of thoo
raPorted any g.atro inteatinal, oa
cGntral vanous ayBteo dea€.sa.
Thc aubjecta fasted fo. rt 1a!st .12 h
before the teat.

rI-2 EqhgqLrpbre oseEursEgale :

thc uL t rrsound axrmin!tiona sere
p.rfo.med sith a high re!olution real
ttthe scannar ( AIokr 256) srth a 3, 5 XHz
I I ne6r rraay.
Lrke rh Bolondi and coll study ( 2), the
croar sectional, aiea of the glstr.ic
antrum caa neasurad at trJo levalg : Sl
on the aagitt6L pIane par!ing through
the aupel.ior mes€nteric v€in, S2 on th.
srgittal plan. cror.ing tha Irmit
b€trsen tha antrum and the laas.r
cuavaturo of tha !tomach (frg. t).
For the avaluation of the lntrum volufia
changaa duri ng tha tart, ee ua€d the
elPreaaion V. ({Sl r S2l / 2).

II-3 Bggq!L[g !s!_L r

The teat dur!tion ea! limit€d to 6
minutea, ytth a frrst run of 2 mn on the
Posittve IJay ( apeed : '180 o/aec) a
aecond run of 2 mn on the negative ray
a thrrd run of 2 mn in the poaitiv€
rry, the eubject bending over his hedd
elch 5 aec lnd a fourth run 61lttilar lo
the thrrd one on the oppoaitc I,ay.

rr-{ ErDeriDtDlll pEelosel D:1 -gE qq rsc q_ The teit me!l eaa m.de of lrquid
yoghouit : 375 g 370 m1, 300 cal, 68 I
glucrdea, 18 I lipid€6 12 I protids,
PN = 3. 7 to {, 2, l OOO o.rD p.r liter

- Ona braal ech09raphic m€aluraD.nt saa
perfor6ad b.fore th. llleal. The aecond
m6asurement 30 ltlm l6t€r Bhored tha
meximal diatansioh of the anlrum. Tha
€chographi c nsaaurementa of tha antrum
eere perforfied €rch 30 lttn 6fter this
recond mo!aure till the antrum voluma
a. c o vc.6d completly.

rI-5 grel.ecal D9? LiGE ltger. a
celaqr-9D gc!g:

- Sama tast me!L i on€ bas.I €chographic
,naaBuronent bafore th€ me!1. 20 on rfter
mrrl tha aotation test b€gan : tha taat
i a! stopprd rhon th. aubj€ct mentionned
unuau!1 !en!!tion! related to motion
sicknera ( nauraa, a.tchihg) but bafoaa
any voni t i n9 occurad.
- At th. .nd of th. aotrtion ( 30 on
rlt€r th6 moll), tha racohd achog.rphic
meaaureln€nt ,aa perfo.m.d. Th. follorinq

L.bor.tor ro d. Biophyriqu. Xadic.1.,
F!cultd d6 llad.cin. Tours 37032 pRA[CE.
c. }{ E. S., Parrs, Toulour., FRANCE.
L.bo.!torr€ d. phy!ioIogi., prculta d.
H6deci n., Lyon 59373 pRlICE.

SUXXARY

- Durrng motron atcknaas the 9eatrrc
eDpty!ng can b€ disturb€d bofora tho
clrnical aymptoma ( n!u6ea, headache,
vomiting) ariae. The gaataac emptyrng
d urat i on can be foI l oe up and qurntifiad
by ultraaound rmrgr n9 m6thod.
- Th€ experim€nt try to evalu!t€ the
rncidence of ! physic streBs ( rot6ting
chatr) on the gaatric emptyrng.
The firBt reaul,ts obtrrned on the I
aublects shoeing lnotron aickneaa
symptoma ( naua€a, retchr ng. . . )

domonatrated a argnifrcrnt increaae of
the gr6trtc emDtying tine afte. the
roteting teat : 256 +/- 48 mn ('l 57 +/-
22 mn at aeat) . Thi a paarm€ter 6L1ora a
q uant r fi cat r on of the diaturb6ncea
tnduced on the ga!trrc emptying.
- The gchogr!phrc method }lould be very
u6eful1 to atudy th€ gaEtrrc €mptytng
duriag apace flight and to te.t the
€ffrcacy of drug6 devot€d to paevent oa
to rsducs apace motton aickneaa.
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e chogr!phi c maaouremanta r{€ra Parform€d
aach 3O mn aflat tha s€cond meaaua€m€llt
and ti II tha antruft volum€ recov€rad
complctlY.

III EESULISrrr-r Preleqcl" n:'!- L iBsEorI GE:
- The m€ln tima of GE on th. I subjecta
ras of 157,5 ! 22 $n (f19. 2).

IIr-2 Pcegecel Ele iQE aCl!r
retslilc liE!:
Tha maan tima of GE on thG I aubject6
( 255,5 ! 18 mn) l,a! 6lgnific.ntIY
incrcalad in comDariaon to the normal
value! ( p ( 0, OOI ) ( frq. 2, 3) .

rv - DtsqusslQ! :

- till noe tha motron arckne6s
symptoma rar. dlscribed srth
qualit!trva ta.lns. Prasent1y tha gaatric
€optyrng tima ir an obJactiva paramater
to !rseaa !nd qu!ntifY tha motion
sicknaaa .ffect6 ev€ll befor€ anY
clinrcal !ign aPpears. the slgnific.nt
increa!e of thi6 p.ran€ter on subject
undsr motton sick'ta!s lnry be rel!t.d to
r dirturbrnce of tha proxifial atolllech
tone. Xoreover thi6 gartrrc parlm€t.r
{ould ba v€ry us.full to t€st the
€ffic!cy of drugs againat motion
ricknel6.
- The €chographic ovalu6tron of the
antrun volurtt(t is a !afety , !ccuaate and
raproductible nethod for the !!!.aaement
of the gastric function. Th!s mode of
r nveatigrtion of the stom.ch sr ll
Drobably be of gre!t rnter€at to atudY
the grstaic function rdaptatron to
{eightlessncsr. lt Iast. thrs method i3
easy to Dractica in moBt circunatancea
espicraly in Bpace 6trtlona ( 9) eh€re
ultr!!oundr hrs boen us€d for saverel
y€aiB.

.) sl6GITrI CI0SS SICTtot

ton s1 masuntffrI

tI6. I : IV&IIIIIX (r Tll lrnll lq.llc (l) ll
tclgt lll lt 9 152 / ?,.

sr

sr

Y/v.

FlG. 2 : [rr al{ntc OfnlE Clrrt lI lfST lE
l'fir l mrtrlr TIST fln a $iIg[s.

I - aEICLIND ni, PlGt la : C.. th.
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2a1-6, r oa3,
. - rrlLl 1.. rltlll l. : o..t.lc
.rDtytns of llquid. an.l .o1l.t.: rol..
of D.orlrl .nn dl.t.l .to .h. 1.. J.
thy!iol,. 239 : C7l-6. l9aO.
t - [rr{0 !X. 3rtlr Sl, COIDOI ll i
C..trotnt..tl..! iol6. .o...1.t.. oa
vo.l!irs a. th. do{. ou.ntlll..tloi.na
.h.r..!.r1..tlon .. .. I nd.!.na.nt

6..t.o.nl.roloty i 9O : a0_7. !taa.
6 - Lucol J! C.l.onolr.l...rrc
tnfls.n... on .otlon .1.tn.... a..ln
l.l.v tv.l i 2!: a2-5. l9at.
7 - xl!!t CN : C..trlc .irtylno ol
o.dln.ry food : .,4.o!. .l .nl.u. .n
,..ticl. .i!.. r. J tny.io!. 249 : oi l!.t

3 - ltOllSI ll : Iollon .l.kn..r. Phy.tol
r.v : tO : i-39. 197O.
9 - poutcelot L.. ttiarttt,i.. toti!tt
Jll Prtrl 4,. lltsot{ t.t loxcrx l.t Li
IOULLIC Ch, , ouall a. , oHltlt C, .
C.rdiov..cul.. .r..ln.tlo. du.tnt ll3 !l
G.i..to. iun. rr9a5,, lsr st-2!r, rra!.
ro - rrtotrDLoac iL. ltrllrr D!, Dlrt!
Jt : rlD... Ftlon .rcln...i It
,.o....11.s oa ti. 2na lnt.rtr.!lor.l
..n4.r.n.. on 3P... tiy.loloor.
l.uto!.., t..no., 10,24. Iov lta!. ld
lSr. D. r !r-a2, rr!!,

C:\
st

The Physiologin, vol. 31, No. l, Suppl., 1988

FIG. I : lrlItTI C llf GlSItlC tlfTtl$ TIE iC
tfl 9IITT II IISI P IfTII A MTITIT
oilln TtsT.

s-87

b) cross sEcTIor st am s2

g--d * {.. r{.
Y.rrr. r.,r. ..rt.
.- r r-'-. '.-lul.

rrraaata



CEIJI MORI'HOLOGY ATD ULTRASTRUCTURE OF
I'IAIZE R00T IIIERISTEII IN MICROGR.AVITY

Grlf V.G., lalrbokov .c.,Barmicheva D.itr.

the flxatlon of th6 teat, obJects wag
carrled out for further lnveatigatlng
with ltght and electron Eiclo8copy. -

The Llveatlgatloas wela alnea at
coloparlng the charactorlstlcs of theroot nerlsterl cellg and [ltraBtr[ctu]rc
of tho root cap cs1ls ol r€.Lza grora lnstate bf reightle8sness glld u-udar norEalterregtrlal g?avitatlon coldltLonE.

Konsrovre Botanlcal Inetitute, Acadeny of
ScLenceg of the USSR, [€ilngrad -

Institute of Blonedical hob1eD6, Moscor
USSR

ABSIn.ACT

AD axperinont ca}led nroot'r raa car-ried ort on the blosatelllte ,'Cosnos-155I
Ln June 1985. The test roateriaL consl8t€dof 7-qay oId roai ze seed.Ilngs.

- ..the followlng pxaranetera of !'ftlght,r
srtl 'rcontroln roota were conparedr th6
alze of the root cap, the slze of the
neristeEa zone, cel1 nu.Ilbgrs ln theeepart8 along root axls. the eiz6 of DerL-
blen c61ls ald that oi nuclel tn thin
and, at last, the nucleoplaaBlc ratlo wae
deterolned ln the cel}s. Moreover, theEitotic lnder ras deflned ln perl61eD
ce116 of the root nerlaten.

The e16c tronolcroscoplc Btudy of theroot csp cells took place-or the -ultra-
thln sectlons.

The cytonorpholog{ca1 and ultra-
structural lnvestiBatLons of oal.ze roots
glowa in lllght revealed eoEe dlfferenco
In their organlzatloE as conpared rlth
those control.

AJx experlmant called 'rroot" raa ca!-rlad out on the bloaatelllte ,'Cosnos-1562n
whlch. ,aa fuictlonlng la tbe orblt of the
earth ln Jule 10-171 1985. lhe experlloeDt
wa6 developed and fulftlled by th- re-
searcbsrs of the fn8tltute of ltredlco-Bio-
loglcal RsBearcb, Ulolgtry of fl6alth of
tbe USSR. fhe aftsrfLlght investlgatlol8
of the te8t Daterlal (roalze roots) were
nade at the LaboratorieB of &iosysteEa-
tlcB and Anatony of i(onaroyi s Botanlcal
In8tltute, Acadorny of Sclences of the
USSR.

the test Daterlal conaiated of 7-d.av-
old Ea1zo 66ed"11n8E (roote) Brora In rolc--
roglavlty (ltfuebt'r) aad on the earth
(tcontroln). Alr-dry seeda w€r6 placsd h
an or8anlc-glass contaLner on a Eynthetlc
polyvlnylfor:Eal-foam eubstrats ( PyFF) put
lnto e derrlce BB-IM. Beforo the coDtalaer
ra6 placed Ln the biosatelute anat 36
hour8 prlor to the €tart, 200 nl of water
hail beon pou.red lnto lt. llrus, the seeds
sr911ed [p on the ee]tb ald the rootE
stsrteal developl,ng ln tbe f1r6t hours of
the space fltght. After tho erperfu0ent
had be€! conpleted' at tbe landlng placo'

MTDRIAL A]{D I{ETHOD

the nalze roots to ba toeted undsl
I1ght Eicroscope w6re flxeil 1n the El.r-ture of folllallnr acetlc acld anal alco-hol ( Ft-A.{, at 7373100 ratio), d€hydrated
ln alcohols and chlorofo.m and enLedded
in paraffln. 8 to 11 -thln Elcroto!0lc
aectlon8 were put on sllde8, etalned ac-cordlng to leulgen ir.lth a! additlonal
aLcla! blue etalnlng. lhe neasurlag ofthe para.EeteI8 of tls8tr€s and c€11;, the
counts of dlvtdlng cella and other pro-
cedur€s were alwaye lnede under nlcr6eco-
pe at the least EagElflcatlon r 9OO.

- _-Ihe fol..lowlng paranetsrs of "fllghtrland "controlrr rootg were coEpared: th;aize of the root cup, the Blte of the
!0erlatens zoDe, c€ll nuEbara in the6eparts along the root axis, the aLze ofperlbleE cells and that oi nuclel in
theT and, at last, the nucleoplasmlc
ratlo was deternlned in the c;}ls. Uore-over, the oitotlc lnder (MI) iyas defl,Ded.ln perlbLen of the root Dsr"lat6n.

The Biza of the root cap and !osr{-st€n Haa dste]mlned on the langltudlnal
eectlons cut throuBh the central Dart ofloots, and lanely, that of the roat cap
wa6 oeaaured frots the €nd of s root upto the cap border and qulscont ceatrelthe baaal EerlateE bordar f,Ba deflned laperiblen accordlng to the cell orten8lorLthe ba€al bo"der rvaa corsidered to b€the rraLten ln rvhich ceLlE w6re twlce aa
loDg as the reoainder one6 in the Eat0e
merlsten row. Aft6r the nerlsteo bordora
had been Bstabtlshed the Eean cell a.no-
trnta p6r a row of periblen ce11s wer6
counted. The ce11 numbera In a root cap
were calculated along tho Ealn axla of aroot f].oo th€ end of the root cap [p tothe border between calyptrogen aira ihequiacent centre of nerlgter".

?he 61ze of perlblem cells (thelr
area) waa meaaured on longltudi[al sec-tiono, ln the 2nd to 5th Eelt tayari ofcortex at the aaoe di8tance from the
starting root nerlaten. 0! the longlt[d-
Lnal aectlona, the cells looked IlEe
rathar rectillnear rectBlgle6. tbat g,1-
Lorvod to deterol.tro thelr area but rrlth
tryo peranetera taken lnto consLdaratlon,
v!2. Lta beijht and length alolg ths
root a-xis. Slnce a cell ]cow had, 1n fact,
the sane sectlonal area tbroughout the
cell nerlsteo, the area of the c6l1s,
and aot theLr voluEe, could, rlth good
reaaon, b6 conpared in teEt and 1n co.at-
ro1.

The para-tseters of I00 and Dore
ce}l8 of each speclnen rere applled to
determinlng thelr Bean elze (x) and
Equare error (S r). The surfaca of nu-
cLei was meaaured !a the same cells. The
eectlonE of nucLel looked llke rather
reguLar circles, that allorad to calcu-
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late thelr a"?€a6 accordl.lg to thelr dl.a-
n2

noters (+). I'he nucleopleaolc ratlo
waE d6finad as tbe ratlo of nucleua a]!.ga
to ceII area. lrltotlc ladex (MI) wss de-
terElDed ln the aplcal part of neristsB
( froE O to 0.4 nn) and, 1n addl.tioD, in
the p€rlbl€n of the f,hole root neriEten
(froro O to 1.0 oo.). Such deternlnatloDs
of the merlgten pararDeterg and norlateE
celLa are, evldantly, rather relatlve
b[t qui.te admi8slblo for comparative
testai

lor the electlonElcro8coplc stufur,
root plece8 were fir6d, in 3% glutar aI-
dehyd€ rlth 0.1 M buffer pho8phate, the!
wa8hed i! the sa.oe buffer, poEt flxeil la
2% OaOl and embsdded ln sponaraldlt olx-
ture. U1trathln sectlons wero gtalned
rlth urarLlacetate and Pb cltlate.

Tbe nerlatexn c611s of the root cap
are sDall and heve ttLin ceI1 wa11g, Du-
cleus w1th nucleolus occupylng thelr
central part and EeJor voluee. fn denge
hyBloplaaE, lt 1s po8slble to dlscern
nltochondrla, dictyoaoEes, sBal1 yacuo-
les, pLastld6, oft€n l6ucop18sts rlthout
the starch, though soE6tlr0es alao a4y1o-
pla8t8. At a Bore diatart 1ev61, thero
exists a zoae o? dlffereatietlng Btato-
cytes. In thlg zone, celIa, ar6 sUghtly
elongateal aLolg the root axis, amJrlo-
plasts alool1d nucleua lncraage ln nunber
but they are rather analI. The zone of
dlfferentlating statocytos 1E fol.loweal
by the zole of gravlosensltlve celL8
dlsplayln! 6v1d6nt polarlty ln the loca-
tion of organelles, 1.e. the zone of
statencbJrna. The ceLls of thls zone a!6
nore ertended, thelr ce1l ra1ls thlcken-
ad. Nucleus r.s dlspleced to the proxir0El
end of a ceI1 and often lt 18 lobod.
Plsetlds, 1.e. large e.Eylopkata, are
centored under nuc1eLls. The plastlds
contaln conplex atarch g?ains, perlphe-
raL retlculun 18 discernlble aloDg thelr
envslope. The clgterne of granular eDdo-
plasolc retlculu.n are located betre€n
the plaBtr.d8 and csll Ea11a. vacuolsa
lncroaBe ln slza, but no contral ya[o16
has b€en fo[nd. llltochoDdrls
soDea are dlgtlnctly seen (Rl

1\ro or three outsr cell
form eo-called gecratory zone
tory cells, nucleus is [Eua1l
elther la the centre of a ce1
lts proxlnal end. I-nyloplasta are s1-
tuated around of the nucleus, but sone
plastids occu? aleo ln other parte of a
cel1. DlctyosoEes anC seg?ogated ve8lcl-
es eharply lncrease 1[ nunber, the eDda
of dlctyosone cist€E-s etrongly belng
eEoIl€D rLth lacrstory product. The
6118e dapo8lts releaaed by dlctyosoDes
are accumulated outslde the plaenalema.
I'hey can occupy a olgnlflcant part of a
cel1 volu[e, whlch baconeg conpressing.
IlJraloplasm is very denae 1n such cel1E.
Vacuollsation ls j.n tho progrsaa, a
central vacuole belng arl8ed. fhe s-EountE
of granular endoplaanLc retlculum LD-
creageg, aoE€ of tts cigterna belng 1o-
cated along plasnal6@a.

In rrfllgbts natsrlal, no 6lgn1fic-
ant differences have besn found otrt ln
the Eerl,gtan zore. fn the EtatelchJ,ma
zone, aejrloplastg have be6n found ln
dlfforent psrt8 of a coll. Vacuollz€tlor
ls poor. Nucleus is usually located abo-
ve plastlds. Under the plastld8, the
clsterEg of granular eadoplssmlc retlcu-
lum ar€ dlBcarnlb1e. B:t the aEounta of
plasnal6nlrasones and the nunber of llpIil
tlropB llcreaso Elgll.flcantly ln sII the
abovo-EeDtloreA root cap zonea. Electro-
denge granule€ a!1as ln the secretory
20!6, aad €6pecla1ly, ln the c€].ls along
the root cap border, often alolg the
plaanalenna border on the slde of ce1l
waI1s.

An lncreaso In plasnalonnaaoBss Ln
the "f[ghtfi Eaterlal Buggostd an ln-
creaa€d neEbrane !0aterlaL, that nay rs-
sult 61ther froE sone chBnges ln nenbla-
ne charactsrl.Etlcs or froE s dlgpropor-
tlon 1! growth ratcs of celL wa118 oD
one ELd€ ald pl6na Eembrane.
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Cytologlcal tosts have ahow! that
the roots developed outside of grarlta-
tlon or, nore preclsely, ln state of
mlcrogravl tatl on do !ot, Ln fact, dlffer
from those g?own undor norEal tel?estrlal
gravltatlon (Table L, PLge.l,a,b). lbe
6lng1e e.rldelt difference of th€ roots
8?o!yn on the blosatelllt€ i€ an approxl-
E'ate]ry 3Aft reductton of the ooristenatlc
zone (Iable I). Thes6 results hav€ alao
bee! coaflreed wlth the cell nu-Ebers ln
pertblelc ceLl rowa fToB the border bet-
ween the root cap and qulocent centr€ up
to the startlngrrpollltn of the ceIl ex-
tenslo! ln the rows, v!2, L76 ce1l6 in
control and 131 cel1s 1n rrfllghtrr.
The other paraEreters of cella and nerl-
eteE unier lnve8tlgatlo! reEeEble thoso
ln coDtrol.

The inveetlgatlon8 of Eltotlc lldex
have reyssled a decreaae ln th6 numbel
of dl.vldlnB cells both throughout the
Derl8teeatlc zole and 1ts epical part
(Table 2).

fhe data presanted above auggo6,
that, ln I'fli,ghtrr, the eLongatlon of Ee-
ri.st€B cellE etarts eonerhat earlLer
than uaually. l'lerLstem colls seem to
u-adergo the elongatr.on nore raptdly, l.e.
rvlth oae dlvLsion Elsaed, es conpared
w-ith those 1n control. Thl.s ldea appoars
to be the nore eepeclally tTlre as, 1!
state of nlcrogravitation, the other pe-
ranetarg of Eeri6ten cel16 remaLn Elmllar
to thos€ 1n controL.

lvo raaaona nl..,ht be re6polsltrle for
L5 to 3& reductl6n of nltotlc l-nder 1n

(Table 2): flr6tly, the dlnlni.slF
ed prollferatlo! pool and, secondly, a
change ln the ratlo of dlvidln8 c6116 to
lnterphege oneg, L.o. an trregular chatlgc
ln thelr perei.stence, e.g. acc€lerated
E1tos1s. the flret reaaon, L.e. L5-3@
reductlon of the prollferatlo! pool, la
unlikely slace the releage of ao Eany
c61L8 froD the pool should re6u1t in the
destablllzatlon of tbe Eolphol.oglcal
gtructu,re of oellgtsrn o! account of aD
lrregular cetl grorth. SoBe Epeclal addl-
tlonal te6ts sholId be carrled ol.rt to
Bgtabllsh the true reaEonE of reduclag
th€ mltotlc ladBx ln 'fu.eht'.

RESULTS

and dlctyo-
sa.2.3).
layers
.I! 6ecre-
y locatod
I or nea?
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Table 1. CytoLoglcal coEparlaon of the paraeetsr8 of th6 nalzs roota
d.eveloped ln wolghtleaEnesg (rrf llghtn ) and under noroal
gravltation ( "c ontrol" )

Slze of root Size of na-
cap (rm) rlstena tlc
r+Sx zon6 (!16)

x+Sx

Area of
nuclgl
(ncm2 )

Area of
perlblen
ce11a
(ncnz )r+Sx

NucleuE
ar6a ce1l
aree
ratlo

control 0.35i0.02 2.1;0.14 1r3.4i4.1 37.7iL.6 0,33

"Fucbt o.So+o.03 r..4io.14 Lt2.5i3.6 36.6+L.? o.34

Iab1e 2. ltotlc lndet ln perlbleE of the nalze rootE dovalopeal
ln weightLesEnesg and urder norBal gravltation

Mltotlc index meaaureal froE the lnltlal
nerlsten bolder et the dlstance

floo 0 to 0.4 mn fron 0 to 1.0 m
Control

10.7
L3,4
11. 2

Rlgurc 1. Loagltudlla1 nedlan eectlono of Detze
root tlp3.
a - control, b - fUght
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ThuE. the cvtonorpboloslcal and uI-
traetructural investlgationa of the Ez1zc
i-oii i- goir" ln a epac- f r18ht rcvsaled

The Physiologist, Vol.3l, No. t, Suppl, l98E

EtEure 2. Parts of gravl ty-porcelvlng cBlls (EtatocyteE)
- frbn nalze root caPs.

Flgure 3. Parts of secrstory cells of nal'za root caPs'

(!or both f1gs.) a - ooatrol' b - fLleht
a - srvloDlast: c, - call ;all; d - dlctyoaoEei
ia --ripii-a"oitet ; n - Eltochoadrlon; .pl - prasna-
ii-.;-ii - liiemoiennaaona-; st - 6tarcb; t - tono-
olaati i - vicuole; n - nucleua; EI - lucleolusi
i-eilne;g-Sranures.

sone dlfference ln thelr organizatlon as
conpar6d rlth those controlr whlch ar€
neeied the more dotailed lnve8tlsetions'
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ASSTRACT
The Earth grevity inffuented on the

develop!0ent of sardiovescular syaten
durln8 all of atagea of life evolution.
In vertebratea, thle systen ia evofuti-
nary adapted to malntain the blood sup-ply of vital itrportant organ8 in spj.te
of gravitational blood displacementa.
The nechanlsna of thj-s adaptation in-
clude the peculierLtieS of heart struc-
ture and it8 punp furction as ryel1 Bs
the autoregulation in sone regionaL vas-
cuLar aysteEa.The Earth graviiy forceg
togeth€r with replacenent of vertebre-
tes froB water nedia to dry earth hsd
the influence on anatonical and functi-
onal organisation of lesse? clrculation
and on the princj.ple of venoua return
of blood.The coulon natural Law of deve-
lopnent of alL parte of the cltculatory
systeE is, prilasry, the establishEent
of quantltative paraleters of control
plocesaeB end then the perfectlon of
it8 quality.
The forc6 of Earth gravity la one of

the maia factorB lvhich had a conatant ln-
ffuence on ]iving organisms during all pe-
riod of 1l.fe developEent. Thls force, in
its turn, have had en great influence on
the developnent of nany phy8j"ological sys-
teo 1n vertebrates (Parfenov,lgSj) such as
eceleton architecture and bone structureB,
uuscles, circulatory ayeteu, reaplration,
di.gestion etc.

This can be i1l-ustrated by archeologLcal
reconatluctlons ( osten, l97B) , whlch show
that the initial deyeLopnent tendency of
telre8tial eninals wea the tendention to
verticel body positlon. This is suggeeted
fron asJr@etry of extrenities In reptilleg
which adapted to live olr' dry land about
225 n1llions years ago.However, 2OO - 150
Bi1llon8 yeare agot the sJrDne try of upper
s_9lA

and lower extrenitles suggesta that anti-
ent reptllies wj-th vertical body pogltion
proved not to be sdopted to Earth glavity
and thlB force, in fu11 aenEe of the word,,
presaed the vertebratea to the Earth.

The transltion to vertical posltlon de-
manded the recoaatructj,o! of eupport and
locoEotive structures and of other ayatena.
Anong then the circulatory ayaten have
been especialLy recona truc ted.In fact, the
bLood iB the fluid that fl1ls 1n vessele
and could nove pasaively accordLng gravi-
ty forcea. So, t.be najorlty of vertebrs-
tea could not adopt penfectly to vertlcal
positj.on.only a few nannala partia]]y to
du this proceas. and only hunan d.id 1t com-
pletely.Therefore, hunan vertical posit i-
on is the evolutionary aecond but succes-
fu1 attenpt (fi8. t ) :

DEVEIO?MNT OF CARD]OVASCULAR SYSTEM

AND THE ORAVITY.

I'riL. ye^ps A_
Therefore,in conditions of conatant in-

fluence of Earth gravity, the functional
taskB of cardiovaacular syatem are:

- Adequate blood 1nf1ow to d.ifferent
vascular reglons,

- Conplete outflow froE organs and
tiaaues,

- Proseryetlo! of f1u1d balanca 1n the
tisaues in the face of hlgb iyater pernea-
bility of nicrovessels.

The blood dlsposition under gravlty
atreas ls counteracted by the conplex ne-
mechanian which Eoves th6 necesssry b1ood.
volume to partlcular dlrectlons j.ndependent-
Iy to gravity vector direction.This necha-
nisE consiata of aoEe eleoents whicb caIr
be grouped, by their nature, aa followe:

(1) FIrNC IIONAI ! Regulatlon of cardiac
output, regional blood ffow autoregula-
tion, control of vascular permoab1Ilty.

(2) STRUoIUR.AI,: Thlckness of vascular
waLl, valves of Ealn veina, apecial reglo-

Yuri E. MOSI(AIENKO

I.M.SECHENOV INSTITUTE FOR EVOIUTIONARY
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na1 blood vesaele arcb,itec to nlc.
(l) BIOPHYSICATi Uslng of arterlal pul-

eatlone for reglonBl blood outflow.
The deyelopnent of thls Dechanian coE-

alated in both inprovenent of puDp func-
tlon of clrculatory systen and venoue re-
turn as well aa regulatlon viscoelaatlc
and perEeability properties of yeBaela,
actlve regulation of thelr radius againBt
intraluninal preaaure,

Convereion of vertebrateB to vertlcal
positj.on wae not the fi-xet fastor in d.eve-
lopnent of punp functlon in clrculatory
oysteB(Uoskalenlo, 1985).Tb8t was preceded
by convertion from nany - hearts inverteb-
rates to t{ro - chamber hoart in fishes;
then to three - chamber - becauae of chan-
ga of envi,rooent, and later - to four -
chambor, due to increaae of respiration,
Euscular activity, partlculary, in vertl-
ca1 plane, but the adaptatlon to mslnLy
vertical body posLtion lvaa taken place in
!0a.Enari:ana with four chaEber heart (I'1g.2)

OPEN SYSTEM CIOSED MULT T SYSTEIIS

to venoua aysteE, that ls an eddltional
force for vanoua return agallst gravltatL-
onel preoaure grad1gnt.

Sucb nechatr16n 1E tbe nogt proaounced
ln veaoel8 o! tha olga[a lacludsd futo the
rlgld aapsuLa,€.9. blaln, kidney (ltro8kal.en-
ko 6t eL. l98O).

Excslt ysloua ratum to tbe heart, the
spesiflc tranaforlEatlonB took place alEo
in the nlcloclrculatlon bed wltb tbe alm
to prevent the Bhlft of vBter across capl-
J.lary reJ.l dus to ab6olbtloD - flltratlon
ploceaaes.Re6ulte of thls ero a speclal
atructure of mlcroveaa€La and alBvalopDent
of regulation Byaten for control of nlcro-
veasela perEeabllity.

Durlng the adeptatlon foI rrertlcal body
posltlon e significant trsnafon0atlon waa

arrow€d to control procegs€a in csrdlovaa-
cular systen.As a reault, the speclal con-
pensetory and autoregulatory nechanlsEB
wele dev€lopeil rhlch gualantee an indepen.
deat fron changes of EyBteeic henodynamic
para[etera and corBtant blood f].ow in v1-
tal inportant organs wlthln aome ranges.
This lncluaies the independ.entce of organ
blood flow dr.Eing changes of body axla ve}-
sus gravitatj.onal vector.Realioatlon of
thie function, ln itB tuln, denandod the
coordlnatlon of vaBcular coutrol based on
the conpLex neuro - bunorsl necbanlgn,
wblch i8 characterlzed by the narked struc-
tural and functlonal heterogenity of loce-
ll8at1on of varioua receptor and efferent
zonesr tr19.3:

____T_______tI_
ll

-l
I

I
I

I

I

J

RE? I REP

[ - ]IutrLtloue ve6sela,
S - Servlng veasels,
Sh- Shu::tlng vsssela.

RHP - Hlch pI€ssur6 
"eceptora,RlP - Low presBule rec€ptorB,

TR - TLssue chenoreceptors.
Presont€al on Flg.3 functlonal - 6tructu-
ra1 organlsBtlon of cardlovaacula? control
systen Sives the oPportunlty not only to

regulate the blood flow ln separate vascu-
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F19.2. StageB of evolutlon of cardlo-
vaecular eysten.

Thus, the transltlon to vertlcaL body
positlon is prediceted, ln nany parts, by
prevloua steges of heart evolut1ot1.

The influence of gravitational folce
on adaptation to vertlcal posltlon leaale
only to soEe lncrease of Dyocardial nass;
that could be supported. by lnvolutlon of
myocardlun ln vrelghtlessness ( Sandler, 1 979 )
and the fact that in anLEals with vertical.
body posltlon I0yocardlal nasa 1a compara-
tively large (Hargane,1987).venous return
is well deyeloped elso ln vertebrates.one
of naln fBctors 1n that mecbanisn le the

presence of valves ln blg veine and energe-

tlc transfoflnation of arte}lal pulsatloa

The Physiologist, vol.3l, No. l, Suppl.. 1988
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lar regiona, but also to redlBtrlbute the
the clrculatlng blood volula€ durlng chan-
geB of body position (uoekalenko,l985 ) .

In this reepect the celebrel cj-rculation
systen ls of apeciel intereat.The proceser

of adaptatton of thls systen to changes of
gravlty vector colnclded with the process
of lntense dev€lopnent of braln as a naln
Iegulatory aystem of the organlsn anal tltb
the pasaage 1ts Eetaboll,sto fron anaeroblc
to aeroblc prlnciple' but the last needs
consta.nt and furten8e blooal Bupply.Apparen-
t1y, ln connection wlth thls the quantlta-
tlve linlt8 of cerebraf blood flow autore-
guLation ryere eatablished 1n early phylo-
geneala of vertebrates (In anphlblang)but
qualitatLve characterlBtlcs of thls pro-
cege (tlme of engaglng of coEpensatory ne-
cban1aB8, effectlveness of cornpenaatlons )
nere developed in the courae of ad.aptatl-
on to vertical pos1t1on.

the analogous regularlty csn be ahown

1n ontogeneBis of chl1d durlng rts fixst
postnatal !0ontba, when it aalapt to vertl-
caI body po8lt1on (![oska]enko et al.1983).
In the proce8s of evolution of vertebra-
tea one nore property of the cerebral clr-
culation systeE waB developed - the gravi-
tatlonal stabllity, bageal oB peculiarltl-
eB of structuxal - functional organlsatl-
on of the systen (Mogkalenko et a1.1980).

Iha gravitetlonal stabllity of cersbral
circulatlrXr systen nanlfest8 that the col0-

penaation liEits of Eravltational 6tre88
intenslylty are signlficantly dl.fferent
anong cLasaea of vertebrateE. ihe8e linlts
are restricted in aophibians and reptllee'
however ln sone naEosls they are large
€nough to conpensate ever the hypergravl-
ty Etrsoaea (lloskalenko, 1967 ) . The hunan
beLngs can coEpenBate the longltudinal
g"avity atreaB up to 2G.(Flg.4).

Tbe gravltatlonal Btabllity of cerebral
clrculatlon, therefore, the product

of conpllcated evolutlonary procesE' which
developed together wlth evolution of nerve
syaten.

All foregolng Euggest that g"avltatlonal
factor playeal an lEportaut part 1n the da-
velopnent of clrculary systen of verteb-
rateB. It Eanlfl8ted in developnent of
s-9lc
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speclal nechanisns v{hlch proDote the Eo-
vlng of blood cj.rculatlon and regulate both
blooal flow and blood voh:me redlstrlbutLon
depend on functlonal signlflcance and ne-
tabolic denanda of various vaacular reglons.
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HLI,,AN PIIYSIOI&Y IN MIGOGRAVIIY: CtllEIS IN
E{PRIII'ENIAL DESIG{

Dag Limalsson

DeparbrEnt of BarqEdicijE
f\atolirska Irstitutet

5-104 01 StocklDltn, S,Eder

Tt€ selecLion of qEc€ el(trEriftEnts is -
ard shculd be - made qr t}le basi6 of scientific
IIErit, q)ac€ reLevanc€ ahd feasability. OrEe
selected the experjrrEntal design ard tla!d!.ra!e
mrst conform to a Large rurnbe! of q)eratj.onal
re6trictions. The prrtrp6e of tiis pape! j.s to
discuss if there lIEy be IDtential co.rfLicts
betr^ieen tlese restJictidls ard t}le sci.entific
quatity. One prerequisite for qlality j.s that
the design of a particular experirEnt is suited
for tlle scientific prcblein Erder study.

'Ihe scientj.fic problern, uilidt is to be
addressed in a study can be classified, wit}l
regatd to its cqqplexity as listed belo., in
Table I.

TABLE 1: PFOBLEI'I DEFINITIOTI

Sinple cqnplex

Theoletical basj.s well-fourded Explorati.rr'e
hylDtlesis

Reals|se L!:der
strdy

Bi-rary Cdrtinuqls
fi]ncticn

Nqr-6 influences Ncne Si$li f i.cant

A-Iso the experinEntal design can be clas-
sifj.ed according to tlle csq)Iexity of a n&ber
of elqrEnts as listed belo, i.n Table 2.

TABLE 2: D@ERIMEIIAL DESIG.I

Siftple

cdnplex is the required exlErinEntal &sign.
the \r.al.idity of t}lis siJrple nrle of tlr-urb i3
reccaniz€d in tle el(lErience of nD6t Ehysiol-
ogists,

Tlus ah afl.--or-rDne t)rpe of respqlse can
be studied sucressfully on oare oclasico ard on
a fei/ irdividrEls Frovided t]€ proble$ is qIeU-
defirEd, t-lEt it is based oo a well-establish€d
h).pothesis and that conventional lrEtlEds are
used. In csltrast an exploratoqr t)t)e of irNes-
Ligation ainEd at t}Ie study of gradual drarges
rritl poLentj.al norFc influehces, requires a
Iarge n&ber of cb6ervations ard a @rplicated
set of cqrtJols.

The rct critical facLor in tunEn Ehysio-
1o9y is t}le li.ftdted r]llnber of srbjects tllat can
be studied in ea& f1i9h.. Ttris shculd be cdn-
pared to tle rurbe! of sJbjeqLs that mrst be
studied j.n order to deteqt significant dlallges
in a q/pi.cal Fhysiological experiiEnt. Table 3
stgirs sqrE relevant exafiples.

1ABLE 3: oPIIIAL GFoUND-BA.SD IAB @iOITIONS:
TIIT DOERIMENT

Variable urder
study

No. of subjects
required to detect a
si gni fi.cant d|ange

Cardiogerdc
osci lLatians

Hea-rt rate

Strtke voLlnne

Caldiac olqnrt

).-2

5- 10

5-t0
I0+

No. of subjects

IG cicntrol

Sirgle

Preflight
pa-ralLeI

EEtabIished

SilBIe

llultiple

Inflight

Nev,

ttultiple

MetlEds

llo, of dservations

PulrsErl. tissue
r,lcItllE

ltus, nEt \.ariables require IIDre cb6er'
vations tha.lr can be cb,La.ined durirg cne sirgle
flight. Ac.ordirqly refLight of experirEnts
therefore has been plaDned for trD€t exprinEnts
in hurBn pt\.siolcgy. llo^/eve!, reflight oFpor-
turLities have rDt been Ixovided as ori.ghally
plaffEd. thj.s seriously reduces the value of
tie scientific results cbtaj.ned sofar, ard
therefore represents a t,aste of scientific
effort ard capital.

the above reasorring j.Ilustrates the
nec-essity for a clo6e c@rdinatidl betkeen the
agencies ard the scientists w'ith rcgard to
fLight cpportunities artd exIEriIIE rtal design so
tlEt results frcrn tlle va-rious experirEnts per-
forned ty fror exary)le AIIElican, Er.Eopean and
Sloviet scientists can tE used tagether. Trtle
vahE of sudr a @rdirated efforL will be mldl
higher tlEn tlle sLm of its parts.

Usually, tlle nDre ccrplex c t}le less
lrell.defined tlle er(tr)erinEnta.l. prcbtsn, t}le nDre

s-92

In the desigr of past ard plaDned q)acE
extrErijrEnts t}Ie above nrles are rpt al.\,ays
applied. Ore rlEc]Enism behj.rd these violatiqE
of cqltrDal sellse [Ey be that t]E scientists lose
qrtrol of their experijrEntal design in t}Ie
gradual plocess of canvertirg grcund-based
laboratory routines to q)ace ej(trEritlEnts.

Conplex



PEfS]OIOGICAL RES PONSES OF SKILETOMUSCT'IAR
sYstE![ t0 xluscLE EsRcrsEs uI{DEtR ],Onc4mr

ETPOKIXETIC CO]rDITI Ol{S

the flrst rlonth waa detoml,ned Ea.inlv bv
tbe ouacle atonla and durirg tbe Eucae;:
Bive perlod - by the atrophic procsages(16). It ls er-td€nt, that- ar e?ftclEncy
of equal p\yslcal €rerclgsa wlthl.n th6-86
tEo (aad posglbly Eore) perlod! Ehou1d b6dlffersEt.

INTRODUCTIOII

Insti.tute of BloEe dl.cal hoblees,
Uo6cof,, USSR
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A6 lt ia kllown, recoqgtructlvo alld

netabollc actlritle8 of body tlssus8 aro
rred[ced urder hJrpoklnetLc condltlons and
thus the catabolic processeg b6con€ pre-
doninaDt Curtng long-tsm bypoklne6la.
Atrophic changes in thi6 ca6e ale d6ve-
loplng the Eost lDteD8lvely 1n tlssueE
of the skele to-nuscular syatem. A narkeal
il€cr6a8e la the optlc denslty of cosno-
nalta boneB has boen noted already lD ths
fLret space f].Lghte (Ir2). theee observa-
tlon8 have been Bupported Bnd Eupp1eroeDt-
od by the results of later Btudleg in
yhlch nore €laborate nethods of bone tls-
aue enalyaLs vere ugeil (3r4). uu8cle at-
ropby, nanlfeeted by a slgnl?icant de-
crease of the nuscleo nass, alteratlons
of thelr structure and
the contlactile propertl
conaequence of a nugcle
(5,5) and gravltatlonal
(7-L2).

a realuctlon of
es, 1s a regular
Load re duc tioE
load d€cr€aae

bone and nuEcI€ tisauea

2t I5 J0 60 
'0 

120

Flglrre 1. Dyn8mics of chaages of dlffer-
ent notor aygtem characterLBtlca during
12O dsys antl-ortb.ostatlc bed rest (ABR).
Abscis8a Ehows days of ABR. Muscle stlff-
neee (1). coefflcient of electro-Bechanl-
ca1 efflclency (2). [- ard H- r6aponae6
aoplltudss (314), notor uxit8 lntersplke
lntervals and thelI varlatlon coeffi.clent
(516) are shown by 6o11d and lntemupted
thlck Bnd th1! Ilnes.

Ero questiol8 nentloned abov€, name-
lyi an efflclency of pl\yslcal exercLeee
of dlfferent klld at the saoe atBge of
hypoklnegia and an efflclency of phy8lcal
exerclaea of the sane klnd at differont
Etageg of hypoklnesla were obJectB of
studles ln the 120-day antl orthostatLc
bsd-rest (AXR) erperlnents wlth 21 t€st
subl scts partlcipanta.

E:,pe44e4!el _p!eSC4C!e aud Eothods

e6t subjects were bed rested i.n
own (-4.50) posltion for 120
then, con8tltuted a eontrol
dld not ue6 any preventlYo E6-
others, dlYlded lnto J groups

ctB each, by contrast, have
lent cou.nterEeaeureg and have
accordance witb a oeaaurs ep-

5

6,la

ID

-li-

Chsa8eo 1!
dlrs to the grBv
are followed us
genent of Betab
water-sa1t loeta
eyetero (13).

1tatlona1 loa
ra1ly by a sy
ollc ploce86e
bollsm and lt

6Creaae
m rearlrBn-
ncluding
oDtraol

dd
ate
Bi
sc

one of the nost effactive neals of
the atrophlc procegsea counterrneasuts [r1-
d6r condLtlong of a grarrltatlonal load
docrease colstltut6 p[yslcal axarc1E66
(14,15). Physlcal ererclaes used by SoYl-
et cosnorauts 1u long-f,s1as space fll,ghts
dlElnlshed Eubstantlally the rate of
strophlc p?ocsBges 1n rausclea end bo[eg
helplng to savs thelr masE and structure
(12). However a large variablllty of work
load e1o!g r1th the great aUfflcuLtles of
evatuatlon of plSrslcat exercla€B u6od by
coomonauta lower con8lderably the pos8l-
biutleg to anaLyse q[antltatlvsly the
efficlency of dlfferont types of physlcal
€rercleag ln space f1ight8. L nuEbe! of
other lEportalt questlons have also no
replles. In partlcularr the resulte of
120-cay bed !6st studlos have shof,n that
the nschatr168s of nuscle propeltleB alte-
latlon6 developing durlng the flrst ald
successlve nonth of hypoklnesla dlffer
considerably (flg.t). A decrsaEe of the
ro[Ec1e contlactlon force ob86!ved durug
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plled groupE of phalmacologlcal (PP),
physlcal tialnl.ng (Pf) and conplex ( PP+
PT) counte:meagures. 4 types of p\yalcal
trsLnlng wole used. 3 of them wele actlvs
- veloclty, strength-veloclty and stroEth
orlented (see Tabls 1), the fourth one
wgs repregented by a paaelve mr:ecle
stretchlng. All 3 active regiEea of tra-
inlng hav6 lncluded: 1)exerclseE rlth
alastic sorde for the Euocles of calft
thlah, back and neck perlor:Eed ln static

the h
dBys.
group
a6ure
bv4
ueed
forEe

AIl t
ead d
9of(c),

ei L2
srbJe
diffe
di!
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Iablo 1. IJoad chsrecterlatlcs ln dlf fsrcat gloupo ol p\rstcal tt.allllrg
uPa1nlD8
orlentetloE

Yel' oc1!y(r) bt16n
vaLoc

D!rcn8tD.
(III)

Srer-
1a9a

a

4200
4e46

5480

cKCr) (rar) Eou) (rcx) KGf) (KCT)
Day
ol

oc

1
2

3

)6)a
5457

7276

32LO

4815
6420

420

4850

5480

27)O

4L7)
5564

4200

4850
5480

Nunber or
eov€nentg 15-18 14 -15 t2-14
for

aad qrlanr q Eodcr rith a! lnton8LtJr roeh-
lng 70* of volu.ntely Daxlnal toroo; ,p6-clal ororcl.Ess rcpr:oduclng llEteata[cou8
h1gb lntenalty losdlEg ot cslf alrd thleh
I[usclea; 11)hand blcycllng for 5 ellutaE(1 nlnute-rlthout loatl aDa 4 nlDutss of
100 ratt loadlng) at tho b6g1ffi1ag ot lTi
and 1lt )breathlag orercls.s - at ths and
of It.

Pa8slvo regLBa o! PT lncluded, beslal-
€a haDd blcjrcllDg ard brsathlDg ororclsca,
stretchlag of tb€ calfr thl8hr back erld
Dgck EuBclas ln aucceEalon pefforltsd bJr
tralEors. ftr6t1on6 of strotchlag of 6acb.
ouacle ras close to 1 Einut6. .46 a wholo.
active phrslcal traulag laeted for 50
olautea, paoslyo ons - tor 40 Dlnutsa.

Each of PI roglEg haa baen used by
evory t66t subJect for a Eolth. To nlnl-
Elze-otfocts of AIR Eta6e and coasequanc-
6E of prevlouE PT rogtEa I tsst EubJoct8of PI aad PI+IP gloups rare d1rld.od-lato
4 subgroupa of 2 indLylduals each, rhloh
heys beeD tralaed eccordlar to th6ir om
schedules so that each reglne of !I waatrled at esch stage of AIR totlorl!8 6vc-!y leg1oe of gI (Fle. 4).

[tto ertsnolve clln1cal enil phJrsiolo-
glcBl eranlnatloDo havs been perloroeil at
tbs and of eacb nontb alocd to :revcal
functlonal ag wall as structuJral alt6!a-tlons of dlffereDt body tlssuoa, organs
and syBteDE lncludllg bonea, DuscleE end
f1u1d-electrolyts Eetabollsm.

RITIUTIS IXD COtrCLUSIOtrS

Long-tern ABR ns8 follored as ugual-
1y by pronoutced changeE ln calclun ba-
lancs! a slgnlflcant lt1crea6e of calcluoorcrotlo! by th6 klilney has b6en obsrrv-
ed ln 7 of 9 control group subJect6i 5 of
9 rsyoaletl a dcflllte docr€aaa of calctuElnt€ttlnaL abEotibtlon alolg wlth elava-tlon lta ,ecal. rrc!6tlon. fotal calcluD
los8 lor 120 dayr avolaged ln the coltrolgroup cloEr to 20 A rtth the artlrns valu-
e6 ralged lroe I to 34 g.

The dynaElca of ctlctu.o loas ln thocoatrol ABR group ras of ths prograillant
character rltb ralatlvoty a1o* de=vclor-
aeat at tbe bs8lnnlna (up to 35-38 daiaqf AIRJ a,ntl stosp one euLeequentlv ( FG.2 LThe caLcluE 1oss dyna&lcE lli the;im;l-neDtel PT g?oupE raE Eore unlforE. it illalnot dlffer 619!lflcal:tly fron tbe coltrol
99!a -9q4ae the tlrBt 46 days of ABR but
dl.d dlffo! durlng the secon-d stago ahor-
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Ilqo{e 2..Dyaa'n{c6 of cal,clum loea dur!-ng
120 days ABR.
Day6 of ABR ale shorll o, the abscl6sae.
Ih6 data of the control and erpsrlEontaL
groupE alc ropreaantrd by rolld and ln-
terrupt€d 11n86 corro6pondlDgly.

lDg nuch (t'o lolit) slof,er rate of, ca1cl-
u.E loEB. fhus belag not vary etlectlvo to
Etop calcluD leekags at th6 flrst stage(prlor to 48-60 daya) of ABR, pbyalcai
ererclses becoac effectlve theieiftcr.

An 6fflcl6ncy of pT rlth rcapect topotasaluE loas ras dlBtrlbuteal ln-tlnc la
aaalogoue fBshlon ( Ete.3 ).SlEllar rcrulta havo baon obtalaod
trhen 6tr6ngth 8nd veloclty plopsrtl€E oftrlcepa Euraa Euoclo (ST)-rire-tcgtcd tv
laoklDetlc dylamoDetry. Aa EtE.4 Ehors.-ilurlag ths flrat nonth of Am-noae ol ih.
P! rcgLuee u6ed raa lufflclaltly sftccti-
vc3 a ilgcr.aas8 of fS Btr.agth and veLo-olty prop€rtlos la tbo coutiol aaal pI
troups rara sl..!allar. Lto:i. horcvor. anofflcleacy of ororclr€s ladreaaeil nririsa-ly3 strolgth and vsloclty deflclcDclas
lacrsasllg proElaently tnolo Eonth to
Eonth 1n tbe coDtrol giroup atld Dot lucre-
ase. and_ tuElalgbed sughtLy la subjectgof the PT ard PT+PP souD8.

The conpsratlve-aaalyala ot etflcl-
gnql ol 4 PT reglEes uldei stu{y (E!g.4)
llallceted tbat 3 actlv€ regLuee- rCre-al-
noat equally effoctlve! l!-each cas. ln
oa6 half of t6Et subJ.cte (4 of B)strongth paraEeters o, fB whc! coEpeloalto prevlous noath datB roeallcd uaahs.ag.at
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Ilgure 3. Dynamlcs of pota6Ei.u.E loss dur-
lng 120 day8 ABE.
Dayg of AB are sborn oa tha Bbacissao.
lhe tlata of the coltrol eBal crperlnental
Sroupa are leproEentad by 6olLd and ln-
tBlluptBd llnss respoctlvaly.

o! ev6n increascd. Sltghtly Eore ullforro
Ia this rospect wsrs th6 le8ults obtaln-
sd rlth th,e pessl1's tralnlng (r0uscle
strstchlng): a decreaso ot nlrsclos
ltrength waa observ€d 1! thls caee oa),y
ln 2 of 8 t€Et subJecta. Theao flndllgs
gseEed to be in a good agroenent rlth
tho8e obtalaod la post AER TS ouEclo
Etrangtb tsatlng pertorred by Eeans d1-
rect tendographi (tatte z,r).

DLgtlnct dlffrrenceg lD a nugcle
f1b6rs statud enal thel! rcsponroa to
physical or6rc16os durlng tho firEt (up
to 50 days ) and Eubsaqucnt st6g.s of
ABR rera rsvsaloal aloo by the ]raEul,ta
of Eolpholo8lcel etuill.es (lable ZrC). Aa
Lt 18 6serr a 619!lflca!t dscrsaae of
nu8cLs flbora 6126 belng nore pEoaou.Dcad
1D slof, (type I) flbers w6s obser"ed af-
tsr flrat 50 dayo of AB8. Atrophl,c chaDg-
oE proceeded turther ln typs I tlbels
during tbe Eecond stage ol ABR, whlle
ln type II flbols the atrophyc tendcncJr
wae followetl by th€ hyportrophlc one.
ChaDges of Ectlv1tl66 ot subgtancos 1lnk-
6d to the activtty of oxldetlvo proceas-
sa la musclo ttbers (NAD.tr-TR) wore lnali_
catlve of an a6roblc oxygcaatloa procesa-
as lncrea66 ( predonlnautly 1! 61ox qy-
oug) iurlng the flrEt 50 tlays of ABR and
further stabtllzatloD of thetr actlyLty.

Phyglcal tralnlng conpel8ated to a
Iarge ertent for EorpboEetrlc eff8cts ol
h5rpoklaesla ln flbBrE of botb types ao
tbat the nagnltudes of s1z6 al,torations
Iookeil alDost 6qua1 in flbetE of the
flrEt aDd aocond typ€s, ac EeIl eE for
th€ lncrsssed actlvlty of trAD.N-TR ln

alow ftberE. In taat fLbsrr P! rosultod
lD an lnl.tlaI Lncreeae of SAD.II-TX actl-
vlty folIo?od by lts progreE6lvc dscl€a-
so a8 ,61I ae ln a revoraeal alyngtdsg of
LDI{ actlvlty aot observeal 1! the coltrol
data.

Thua, havlog confl"Eod erperlE€atal-
ly a Dotlon of an Efflciency ol p\y61cal
exerclges aE couDtsrEgaEur6 of nuEcl,e eld
boae changea uader coDdltlons of Sravlta-
The Ph)siologisr, vol 3l, No. l. Suppl., 1988

Ilg[16 4. A].teratlona of the calf nuec-
les coDtractlon strongth durlng ABA atdlffelent tl-oc Latervals.
I-IV ehor oonths of A!R. br8 ropregent
lndlvldual chengcr of rtFnatb. (tn per-
contage) occu$ed durlna EoDth lnteiyal.
Types of phJ'slcal tralDlDt ls oarked by
shadlng patteln.

tlonel unloadlEg, ths reBults of the
atuauee revealed aa obvlous depeodencc
of gl sfllclency upotr stage of hypokl-
neela. !\.rrlng the ,1rrt stags, whlch
we cbaracterLze ae reflectory none] the
efflcleacy of P{ of eny type wae low;later on, rhen rratlophlcrr proces6es
bocaEo predoElnant any type of training
was oD tho oppo8lte qulte effectivs.
Lack ol dlstlnct dlfferencss ln efflcl-
eDcy of phy8ical oxarclae8 of dlffersnt
type8 su8geEt8 that the retentlon of
the EuEcle na8a undar !\ypoklnesla ls
doternlned 1arg61y by the volu-Ee aad
lntenaity of exerclse6 aad to a lesser
ertoat by thelr Bpeclflc faaturea.
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Iable 2. Magnltudes of changes /fr14/ ot_ Btrength-veLoclty propeltles (ArB)
and trlceps aurae atructure (C) after t2O alays AB8.

A. Isoklnetlc dyDaEooetry

pee
of nove-

Erpo -
rlEent-

Eent O deg/B 60 deg/a LzO dee/ I

al Ut
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-25.3
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l8o deg/o
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B. Tendography

Single
contractlotl
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contractlon
strength
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Control
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lABSTRACT

'Land anlEals have the fiiscle strength, skele-
ta1 slructure, and clrculatory reflexes that
aIIow dlfferent postules, runnlng, and jury1ng
desplte gravlty. Bul flsh, the ancestors of
land anr.Eals, rere supported by water fron the
beglnnlng of thelr evolution, Ilowever, hydro-
dynanlc forces oppose locoEotlon of flsh, which
requlre body structures and a circulatory sys-
teD able to wlthstand the stress of sw1m1ng.
DoSflsh show poor clrculatory toleraflce for
gravlty. But blueflsh have the bony strength
and clrculatory respooses [ecessary to acceler_
ate 3 C tn water, wlthstand large traosoural
pressures during slrlmln8, compensate for heEorr-
hage, and tolerale head up t11tln8 ln atr to 30o
or even 60o for 30 Binutes. syqalhectoEy a!-
tenuates lhe vascular regponses' Cross-lolet_
adce for gravlty nay have evolved before or
siBultaneously !,i!h energence fron the sea.

INTRODUCTION

Land anlEals possess attrlbutes that enable
them to \dthstand the force of Sravlty whlch is
1 G at rest, but 1s greater ohen running or
juqlng, for exadlPle, 3 G 1n Dan' IIl keePlng
wlth lhls, land anfurals have stronS Euscles and
bones, and a clrculatory systeB adapted to re-
lurnina blood froh the lolter extrenitles !o the
heart desplle altelatlons of postur€. Because
these cha;acterlstlcs are needed on the earthis
surface, it could be argued that they were not'
or are not preseotly, needed by fish lthlch
evolved solely In the sea. If that !,ere true,
then Dhen flsh are out of oater, they ulSht have

lllt1e or no tolerance for gravlty. Thelr uls-
cles llould be veak' their bones 1or ln Dtoeral
contefl!, and their clrcu]'atory systens incaPable
of restolirg adequate venous leturD to the
heart lf challenSed by Slavity ' They would, 1n

effect, possess the defects found 1Il husans who

have u[alergone prolonged bed rest' i@erslon, ol
weightlessness.

Fi8. 1. A two-exls acceleloDeter lras fastened to
a elde belt placed around the Ualst of a young
adult Dale $ho bent hi6 knees, Juqed upward, and
landed on his feet. The record sho\rs L G stand-
ing, 0.3 G bending the knees, J G extendlng the
1egs, 0 c wlth feet off the ground, 3 c 1andln8,
and 0.6 G flexlng the legs on landlng. An lnte-
grator clrcult reglstered velocity. Co@are wlth
fl.sh acceleration (flg. 2) .

HYDRODYNA},IIC PRES SURE

A slnple calculatlon shored that the force
of waler lqactlog on the head of a flsh during
swlmlng !6uld flatten the braln and collapse the
spbe unless the fish had a hard head aod gtrong
vertebral coluEl. Pltot pressure, ln 8ra&s per
square centLBeterr or cE ,ate!t apProxlnately
equals ltater speed ln m11es Per hour squared.
More exactly, P = (D.p.h./0.98) squared. Flsh
can swlm len body lenSths per sec. A tro foot
flsh can swla 12 n.p.h. for a sholt tlDe. Pitot
pressure would be about 144 cD water. It seeds
that body sttucture and functlon would have had
to evolve in water to sustaln forces of th16
oagnltude, and lf true, the resultlng strength
of the body atrd clrculatory systeE would be cap-
able of overcoDlnB large forces directed along
the axls of the body, alrd n18ht have cleated a

cross-tolerance for the force of Sravlty dllected
in the head to tail dlrectlon of flsh' or head
to foot dlrectlon of thelr descendants.
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STRESSES ON THE BODY

The above hypothesls was lested ln several
dlfferent ways (DuBols, et a1, 1974, 1978).
Pressure dlstrlbutlon on the body surface of blue-
flsh uas neasured wtth sDall plastlc tubes lD-
planted 1n the body, a! 6peeds such'as 4 D.p.h.
Co@resslon slren8th of the vertebral bodles ,as
Eeasured usln8 an Instron vice and load cell.
Accelelobeters rere lmplanted 1rI lhe body, Tal1
thtust was measured uslng sDa11 flat gauges sePn
on the taLl, and compared to forlrard acceleratloD
of the flsh. The results showed lhat pressure on
the front of the flsh exac!1y equalled Pltot pres-
sure. Pressure on the elde parl of the body and
gi11s uas negatlve coopared to adlacent pressures
1n lhe surroundln8 uater, ln keeplng wlth the
Bernoulli prlnciple. The flsh eere capable of
accelerating et 3 G when frlShtened, and the
vertebrae reslsted crushlng untLl abou! 20 kg/sq'
c!r, Lihlch 1s about the saDe as for maflrna1s. These
flDdlngs sholred that fish had need of stroog bo-
d1es, and that thelr bodles dld, in fact, possess
such slrength.

rj, -1---
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CIRCULATORY RESPONSES

PleliDlnary studles of the cl.rculatory sys-
teE of blueflsh swimlng 1n a water turlnel, or
tl1ted head up 1n alr wh1le seauater was supplied
to the tlL1s, indlcated that rhe blood pressute
aod pulse pressure had becone adapted to the needs
of the body durlng loconotlon, and also nere to1-
erant for the stress of gravlty on the clrcula-
tlon (DuBols, et al., 1975).

L

i
t :J=:

J:-:

Flg. 2. A two-axis accel.eroaEter is placed near
the center of glavlty of a bluefish selmlog irl
a pool. The flsh 1s frlShtened wlth a brooo6tlck
and ooves the body to one slde, thrusting the
lail to the side, causlng forsard acceleratlon of
2.4 G, and an Lncrease of forrerd velocLty to
3.5 neterE per sec. Cotopare with Dan Judplnt(Flg. 1) .

FlB. 3. Pressure 1s Easured in the ventral aorta
of e bluef1sh. Reference plessure (lover tracing)
ls eeasuled froD a water tube opposlte the ve[tra1
aorta. The flsh ls on a V-board, and its gl11s
supplied r,lth runnlng salt water contalning tr1-
ca1[e a6 an anesthetlc. The V-board 1s t1lted
head up 1n air for periods of a minute Lo these
records or up to 30 minutes ln other records.
Blood pressure 1s well sustaftred, suggestlng
Posslbility of coqensatory nechanlsns, tested
subsequently.

COLLOID OSMOTIC PRESSURE

Blueflsh do not develop dependent edema dur-
lng tllting for 30 dln, \,rhereas dogflsh show ob-
vlous swellln8 of the lower body under these con-
dlti.ons (Og1lvy 6nd DuBo16, 1982). The dogflsh
appear to have porous capilleries, lack Innerva-
tlon of lhelr blood vessels, and lack plasua al-
buEln and therefole have a 10l, plasDa col1o1d os-
rootlc pressure (Trem1 and DuBols, 1984), As a
resultt the pulse pressure dlElnlshes, the eyeballs
soften, and the ta1l sweI1s rhen dogflsh are
t11ted.
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Fl8. 4. PlasDa colloi.d oanollc pressure of
blueftsh, dogftsh, and Ean as obtalned by
Treml.

ACUTE HE}IORRHACE

The nex! qu€stion was shether the vascular
6y6ten of blueflsh lrould show evldence of vaso-
constrlctlon $hen challenged by henorrhaSe. Pre_
Iimtnary experlDeots, in r,lhlch raPld henorrhage
r,as fo11oi.,ed by raptd rel[fuslon of the b1ood, dld
not shoo that the bluefish could sustaln its blood
Pressure dur1n8 the lnltlal phase of raPld hemorr-
hage (Du8ols and Tre@I, 1984).

Blood voluma 6 Blood Pr€ssure

During Ropid Hemorrhoge a Reinfuslon

80

l0

to

Plosmo Proreln E Collold osmoiic Pressure
(Prorh.. Curv. *llh Tr.mml Dol.l3)

It seebs that there ale no pub116hed data on
whether land anlDals sustaln thel! blood pressure
durlng the flr6t Dinute of heaorrhage, because 1t
l.s hard to remove large voluDes of blood that
fast. The lEportant question 1s wha! happens dur-
lng the next 15 alnutes? Tte other questlon is
Lrhether vasoconstric tlon, 1f lt does occur after
henorrhage or durlng head up tlltlng ln air, can
be prevented or abollshed by pharnacologlcal or
sur8Ica1 bloclcade of the syfipathetlc systeE?

Ogtlvy and DuBois (1987) rapldly reDoved 17
percent of blood voluoe fron unanesthetlzed blue-
fish afld found an llmedlate decrease of blood
pressure 1n the ventral aorta, but restoratlon of
blood pressure durlng the next five Einutes after
heEorlha8e. However, this recovery of blood pres-
sure was aloost coDpletely lnhlblted by prlor ad-
tolni6tratLon of phe[tolanlne to the bluefish.
Thls sugSested that the early phase of recovely of
blood pressure had been due to vasocons tr lc t lon
that rras lnltlaled by the fall in blood pressure,
and that the vasoconstr ic t ion had been nedlated by
the synpathetlc nervous systen. There sere lndi-
catlons that epinephrlne and norepinephEine had
been released durlng the recovery fro8 henorrhage.
sna1l,, repeated hemorrhages at tsenty Einute 1n-
tervals produced proSresslve henodilutlon, and
restored the blood voIuDe. these results should
be considered tentative until publlshed.

TRANSECTION OF THf, SPINAI CORD

Ihe other questlon recently exa&hed raa
rhether flsh would retain thelr abllity to sustaln
their blood pres6ure aod pulse pressure durlng
head up tiltinS ln atr, tf the splnal cord were
transected near the brain sten, Burnstock (1969)
had cited evidence for adrenergic nerves supplylng
the arteries of teleosts, and Nilsson (1976) Local-
lzed the sylrpathetlc chain ganglla that supply fl-
bers phlch run forward and then down the vagus of
codfi6h as belng located betEeen the flrst cervl-
cal vertebra and the 6edu11a. It ls not kno\.tt
whether the anatomy of the s)'Dpathetle system in
bluefish Is slDllar to that tn codflsh, or vtether
the blood vessels are under thls syqathetlc con-
tro1. Houever, the followlng experiments are
co[patlble wlth lhe! assuDPtlon (Fox, O811vy, and
DuBols, 1987). Bluefish wete anesthetlzed wlth
trlcalne Delbanesulphona!e and placed on a V-board,
alrd runnlng seaeater circulated through their 811]6.
Blood pressure lras Beasured 1n the ventral aorta'
and conpared to Pressure ln a reference tube wto6e
lrater level sas kePt oPPodt€ the ventral aorta.
The v-board uas tl1ted at an8les of 10 or 20 de-
grees for 2 Elnutes, or 30 deSrees for 5 nlnutes.
In thts lnltlal serles of tl1ts, the blood pres_
sure was Dalntained, or 1t returned to pr€-t11!
leveLs duriflg the perlod of t11tln8' The reglon
of the head over the @du11a and flrst cervlcal
vertebra t,as opened, and the splnal cord was

transected 3 m caudal to the obex or 7 m caudal
to the obex. Tl1ts siDllar to those rMde Prior to
cord sectlon dld not lorer the blood Pressure of
the flsh t,tth tbe cord sectloned 7 m caudal to
the obex (at the flrst cervlcal vertebra), but
deflnitely caused an lmedlate decrease of blood
pressute ;s soon as t11tln8 began 1f the cord had

Leen tlansecled 3 m caudal to the ob€x (at or
belou the @du11a). The region belveen the Dedul-
1a anal the flrst cervical vertebra ls the atea ln
vtlich the syuPathetic chalns of codflsh seeD to be

vulnerable. Therefore, lt aPpear6 that vasocon-
6trlction occurs ilull.trg tllt board e>QeriDents 1n

blueflsh, and that 1t is syrnpathetlcally oedlated'
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!1g, 5. Blood oaa wlthalraxn 5'n1 a! a tl@
thiough an 18 gauge thln rra11 8p1oa1 fluid needle
ln the venttal aorta of blueflsh ot doSfLsh'
Blood plessure was neasured betPeen allquots le_
@ved. Blood oas relnjected 6!eP!,1se ldthln l!"o
or three Eloutes of the onset of heEolrhage ' Thls
iras too fast for anythlng other thao nlnlEal coto-

pe[gatlon to occu!.
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EVOIUIION OF GRAVITATIONAL TOLER.ANCE

The evldence lndlcates that fast awl@Ing re-
qulres a strong skeletal Etructure as well as ade-
quate rouEculature, and that over the Elllenla flsh
evolved the body structures requtred to sirlE fast.
Clrculatlon of Dodern fl.sh overco&es the lnert1al
force of acceleratlon of the body, the transhural
plesaure ecross the skln durlng sn1m1ng, and the
[eed for lncreaaed venous return durlng exerclse.
nle blood ves6ela of at least solle teleosls have
a syrpathetlc supply and can wlthstand gravr.ty so
long as the cervlcal 6)rqathetic chalns are not
cut. Although these characteristlcs evolved 1n
flsh, lt ls not poaslble to 6ay uhether they de-
veloped before or after the flsh eDerged to b€-
cone the anceatols of land aElnals. It would be
lntelesting to do tilt board experiDents on a
Coelacanth (LaflEerla chaluDnae) to flnd out
whether that specles (descended froD th€ specles
that was the ancestor of tearestrial t€trapods)
is toLerant of gaavity. llorever, even though
they d18hl vaaoconstrlct durlng hemrrhage or
tllt1ng, they D18ht not have the plasoa constl-
tueots that retafu fluid ln the clrculatloo and
prevent dependent edeEa such as lhat fou[d 1n
dogftsh.

Speculatlon about ho!, blueflsh evolved thelr
body forD and functlon leads to the follcri[g
dfugraD in uhlch an atteryt 1s oade to relate
stress, strain, and the adaptatlon of specles
to \rlthstand theB.

r ?@: cIE{lclI E'lzicl
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Food and oxy8en, avallable in the eovlront0en! of
the fish, are mtabollzed to produce body proteln
and extracellular supportlfig tlssues rhose quan-
tlty and locatlon are controlled by nucleopro!eln
and enz).ne concentritions inftuenced by body de-
oands and oetabolic energJ 6uFp1y. Itese affect
the resplratlon, clrculation and locoDotlon of
the flsh, overcornlng envlronhental loads producing
greater or less success in catchi[g prey or avold-
1ng predators. Conpetltion selects the Do6t
successful flsh, leadlnS to a predoDlnance of
those wilh the most apt genotype. A dashed llne
1s used to show thls selectlon process because
,.t ls not clear how so Dany features of boaly
structur€ and functlon can be optlnlzed siEultan_
eously. Ihls scheoe has not been tesEed or
evaluated critlcally.
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THE RELATIONSHIP BETWEEN CARDIOVASCULAR
RESPONSES AND STRESS TOLERANCE BEFORE

AND AFTER BED REST

Zhuang Xiangchang. Fan Yaming,
Xiang Qiulu, Shen Xianyun
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Beij ing, china

Int roduct ion

A few years ago, we made a HUT plus
LBNP test on 20 heaLthy young males. Ac-
cording to their differences of cardio-
vascular lesponses, the subjects were
dj.vided ioto four types as (1) vascular
type (Increase of peripheral resistance
was higher and of heart rate was Lower
during test), (2) mixed type (Both in-
creases of heart rate and peripheral re-
sistance were higher during test ) , ( 3 )
cardiac type (Increase of peripheral re-
sistaDce was less and was mainly regulated
by increase of heart rate during test),
and ( 4 ) Iesa regulat ing type ( Both in-
creases of heart rate and peripheral !e-
aistance vere much less du!ing test ).
The objectives of this bed lest test were!
to testify whether the result of the HUT
ptus LBNP test in this experiment was
similar to that obtained j.n the experiment
made on the sane aubjects sonetime before;
to observe what changes of the features
of caraliovascular responses in the sub-
jects of the four types had taken place
during and after exposure to the hypo-
kinetic bed resti to see j.f the tendency
of the changes was consistent; and to
evaluate which kind of cardiovascular
response could better adapt to, the hypo-
kinetic environment and readapi to normal
eDvironment.

Procedure of Experiment

According to the four different types
of cardiovascular response, ? hea-Ithy
maleE, aged 19-20, were chosen out of
the 20 young men l{ho had been subjected
to the HUT plu6 LBNP test a fe!, Years
ago. The 7 selected subjects were strictly
restricted on bed for 20 days t ith their
heads beiDg 2' lower than their feet .

The subjects in Bed I and 2. Bed 3 and
4, Bed 5 and Bed 6 and 7 sere the ones
of vascular, mixed, cardiac and less regu-
Lating types, respectj-vely. The cardiovaa-
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cular j-ndices were recorded every other
day during bed reat. The control period
vas ? days before bed rest. The recovery
period was 14 days after gettiog up.

The subjects were exposed to the
stress of HUT plus LBNP just the day be-
fore bed rest. After getting up, they
were subjected to the same test on the
5th and 10th day. The plessure of lower
boaly chamber was maintained at -40 fiunHg
and the inclination of head-up tilt was
kept at 75'. The longest exposing time
vJas 20 minutes, but experinent should
be stopped ifiunediately when pre-syncope
slrmptoms appeared in the 6ubject5. The
indices recorded included heart rate,
blood pressure, cardj.ac output, ECG. Ac-
cording to the values of blood pressure
and cardiac output, peripheral resistance
could be calculated.

The consistence of the characteris-
t i-cs of card l0vascu lar responses obtained
in the two experinents. There vag an
interval of 11 months between the ttro
experiments. It was indicated that the
features of cardiovascular responses from
the 7 subjects to HUT plus LBNP before
bed rest in the 2nd experiment were ba-
sically the same as those in the same
subjects in the 1st one. these features
were fundamentally consistent rrith the
j.ndi.vidual standards and the lepeatability
was high { Table t).

Thus, it could be seen that under
the stress of HUT plus LBNP, cardiovascu-
lar responses were maio.ly regulated by
nerve and fluid. In a certain period,
for an individual subject, the effect
of nerve and fluid was relatively stable
[1], but among the subjects there existed
individuaf diffelences, rrhich ref lected
the individual features of cardiovascular
responses,

Individual differences of the sub-
ect s i ada tat ion to the h kinetic bed

rest- AlI the 7 su l ects suffeleal from
their various responses to the hypokinetj-c
environment. The responses of the subjects
in Bed I to 3 were slight. They suffered
from Iiqht dizziness, abdominal di.stension
and -Iumbago early j.n the bed rest, felt
fidgety in the middle and accommodated
themselvs to the circumstances late in
the test. Apait froin the above responses,
the subjects in Bed 4 had the feeling
of nausea and vomiting late in the test.
The subjective responses of the subjects
in Bed 5 to 7 were severe. They suffered
from the responses of fullness in head,
headache, dizziness and stomach. They
fel.t their whole bodi.es discomfortable
j-n the middle and late part of the tegt.
They were also found difficult to fall
asl-eep and easy to get excited' Such slrmp-
toms were even sustained tiII the end
of the bed rest.

The chanqe of subiects I tolerance
to HUT pIuS LBNP pre- and post bed reEt
and the chang inq tendency of ca!iliovascu-
la! responses. It !ra6 iecorded for t he

Results and Apalyses
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first time after getting up that the tol-
erances to the stress of HUT plus LBNP
decreased significantly aftel bed rest.
None of the ? subjects could finish the
20 ninutes' test. It was found that they
recovered a lot when the to-Ierances were
measured fo! the second time. The subjects
of cardiac type recovered more quickly.
But the changes in thej.r main indices
were stiIl different from those of pre-
bed re6t {P < 0.05). This shoired that the
subjects did not recover to the pre- bed
rest leve-I 10 days after getting up. Any-
way, it could still- be seen that the
changing tendeocy of cardiovascuLar res-
ponses pre- and post bed rest were basical-
Iy the same. The t-test resuLts of the
increasing rate of heart rate and periph-
eral resistance of dj.fferent types of
cardiovascular response pre- and post bed
rest indicated that the comparisons of
differert response6 betrreen pre- and post
bed rest were almost consilient.

In addition, the relation coefficient
of the order of the ? subjects equa.l-ed
1, which showed that the order (fine to
poor) of cardiovascular regulating func-
tions po6t bed re6t of each of the sub-
jects r.as not different from that prs
bed rest.

Re!u!ts obtained through an analysis
by 'fuzzy mathematics". The characteris-
tics of different cardiovascular responses
to HUT pl-us LBNP before bed rest and the
readaptational ability after hypokines is
The Physiologist, Vol. 31, No. l, Suppl.. 1988
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reflected the difference of regulatory
compensation ability mobi-l-ized by cardio-
vascula! system among the subjects. The
regulatory compensation ability was a
"fuzzy concept". we used the "fuzzy con-
cept i to further approach and observe
the differeDces of regulatory functions
of the subjects of differeot cardiovascu-
lar responses [2].

we used 11 cardiovascuLa! i.ndices
which could indicate the regulatory com-
pensation. They were heart rate, systo.Iic
pressure, diastolic pressure, mean pres-
sule, peripheral resistance, stroke vol_
ume. caldiac output, cardiac index, work
by heart, work j.ndex and cardiac ejection
r,olk. These indices constituted one "fuzzy
set', while the subjects rr-ith different
responses constituted another'fuzzy set' .
The changes in the val-ues oi above indices
reflected the capabilities of regulatory
compensat ion .

First the "weight' of various indices
was calculated. Under the stress of HUT
plus LBNP, the conformability of changes
of the each inde>< with subjective res-
ponses was the 'vreight " of individual
index! substituting the 'weight' value
and the changing rate of indices into
a certain formula, r,e obtained the calcu-
lation of Z at different moments duling
the HUT plus LBNP tests pre- and post bed
rest. The compensatory changes of the
subjects !rith different responses to HUT
plus LBNP pre- and post bed rest are l-isted
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Note: The changrng rate.efers to the perceotage of changes of Pertpherdr
resistEnce durrng stress as compared srth those before the stless.
There tas an rnterval of il Fonths betreeD tst exPerrFent and 2nd one.



in Table 2
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According to the nean value Z, we
classed the subjectsr regu.l-atory compen-
satioD abilities into good, moderate and
poor 'fuzzy Z sets", with G representing
the 'fuzzy set' of the subjects who had
cotnpensatory functions and \+rorked out
a standard, which corresponds to Fig.
1,
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It could be calculated from Fig.
l that i.n the test of the first time the
regu.latory compensation abilities of the
7 subjects exposed to HUT plus LBNP after
bed rest decreased by 50 to 80t, whj.le
iD the test of the second tirne the cornpen-
sation abilities returned to 60 to 90*
of the levels of pre- bed !est. The conpen-
sation abilities vere arranged in order
(from optimal to poor) as vascular, nixed,
cardiac and less regulatiDg types.

The differences of z values of the
subjects in Bed 1, 4, 5 and 6 expo6ed
to HUT plus LBNP pre- and post bed rest

Under st!esEes, cardiovascular res-
ponses ale related with many factors.
The neural regulatory function plays very
inportant ro1e. several previous studles
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have pointed out that the tolerances to
hupoki.nesis of athletes are poorer than
those of ordj-nary people. The cause Klein
et aI [3] found was tbat athletes' s)mpa-
thetic nerve functions rrere not predomi-
nant. Stegemann [4] determined sensibility
of carotid 6inu6 to heart rate and pres-
sure reflex of b.Iood pressule and found
that athletes l,ere Dot so sensib]"e as
ordinary people and the gain of their
reflexes iras lorrer than that of ordinary
people. In adilition to neural regulatory
function, the regulatory effect of fluid
on caadiovascular system cannot be neg-
lected. Haber [5] suggested that the renin
activities of those who cou.l-d maintain
their blood presaure anal not develop syn-
cope during a test increase by 283t on
the average, i{hile the renin activj.tj.es
of those who could naintain their blood
pressure and develop syncope only increase
by 49t on the average. Although the mech-
anism of effect of HUT or LBNP on cardio-
vaGcular regulation has been studied.
it i6 stil1 not cornpletely clear and
therefore further studies are needed.

1. Under the stress of HUT plus LBNP,
the subjects I cardiovascular response6
might be divided into four characteris-
tics: vascular type, mixed type, cardiac
type and Ies6 regulating type, when the
6tresses, environments and health condi-
tions $ere basically the 6arne and sj.thout
additional strong stresses, the features
of iDdividual response were relat ive.ly
stable.

decreased, the compenEatory responses
eere 61ight, aDd the adaptation to hypo-
kinetic environment rra6 good, while, as
for the subjects of cardlac and less regu-
Iating types, the subjective responses
lrere severe, the capacity for heart to
do work increased, the cornpensatory res-
poDses were great, and the adaptation
to hypokinetic environment was poor.

3. As to the responses to the HUT
plus LBNP stress, the regulatory compensa-
tion and the readaptation, among the four
types, the vascular type l^ras optimal,
the mixed type came second, the cardiac
type rras the third, and the Iess legulat-
j.ng type was the poorest. This order re-
mained the same pre- and post bed rest.

4. "Fuzzy mathematics" rras used to
further evaLuate the individual differ-
ences of cardiovascular regulatory func-
tion guantitativeLy during the test of
pre- and post beal rest. Thus the evaluation
of those differences rdas quantized.
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PHYSICAL PERFoRI'I|ANCE AND Gz ToLERAI{CE

Per A. Tesch

Departnent of Envi ronmental l,ledicine
Karo'l i nska lnstitutet

104 01. Stockholm, Sreden

A fighter pi]ot is under ertreme physical and
psychological stress yhen in combat. This paper
discusses some of the physio'logical reactions
occurring in response to acute exposure to high
Gz forces; the influence of individual state of
training and various physical training prograns
on Gz tolerance and some possible mechanisms ex-
plaining nhy Gz tolerance may be altered in re-
sponse to specific physical conditioning pro-
grans.

Acute erposure to high Gz forces is associatedyith a substantial increase in sympathetic acti-
vity. Accordingly plasma catecholamines are in-
creased manyfol d during acceleration. Hence the
epinephrine concentration after a 1-minute expo-
sure to 6 G increases abrupt'ly and 4-fold (l),
Also the maxinum heart rate response to Gz stress
is directly related to the amount of Gz stress
(2). Thus, heart rate increases linearly yith the
Gz force. Interestingly there is a corresponding
increase in the pre-acceleration heart rate with
the anticipated G-stress. Thus the peak accelera-
tion heart rate and the pre-accel eration heart
rate increase in parallel l yith incredsing cz
I oad (2).

Although the increase in sFrpathetic activity
partially can be attributed to mental stress,
acceleration per se and the associated straining
maneuver confiiEi-tes to the exaggerated heart
rate response seen during acceleration. In simu-
lated aerial combat maneuver (SACll) markedly in-
creased plasna lactate levels have been demon-
strated. Using either a progressive Gz profile or
traditional AC[-profiles lactate'levels usua]ly
exceeded 4 rnol/l {3, 4, 5}. The increased plasma
lactates at high Gz forces during these experi-
mental conditions suggested that lactate produc-
tion, as a resu'lt of straining, ras exaggerated
due to muscular work and/or the catecholamine-
induced increased rate of skeletal muscle glyco-
geno lys i s.

Is G-tolerance among pilots influenced by
their physical characteristics or physical rork
capacity? Recently, yarious measures, reflectingyork capacity and physical characteristics, w€re
assessed in non-pilots accustooed to SACI, (7). G-
tolerance, neasured using a 3.5- 5.0 G-proflle
and defined as time to exhaustion, ranged 185-940
s, Although no single neasure of physical work
capacity correlated with G-tolerance it ras ob-
served, using a nultiple regression analysls,
that 92X of the variance in G-tolerance could be
accounted for by the coflbined effect of body fat
percentage, nuscle fiber area of the n. vastus
lateral is, supine heart volume and body stature.
Thus, relatively short and lean individuals xho
possessed greater muscle fiber area and heart
vol ume than the group nean al so denonstrated
greater G-to'lerance. le therefore conclude that
G-tolerance could be predicted from sone physio-
'logical background variables. It is also apparent
that derobic capacity or porer is not enhanced in
individual s shoying superior G tolerance (3, 4,
7,8, 9, l0).

A'lthough the anti-G-suit provides some c-
protection by increasing peripheral resistance
and venous return and by preventing blood to
plasma extravasion the execution of straining
maneuver enhance performance even more. Repeated,
forceful straining of the abdoninal and periph-
eral skeletal muscles may, horever, induce pre-
nature nuscle fatigue. In recent experiments
electromyographic (EllG) activity xas measured in
fighter pilots in the hunan centrifuge using a
standard 3.5-5.5 G-profi'le without anti-G-suit
(11). El.lG ras recorded by surface electrodes from
m. vastus lateralis (YL), m. tibialis anterior
(TA)and m. rectus abdominls (RA) rhile the pilots
xere instructed to perform l,l-1 straining naneuv-
er. EliG activity, yas expressed relative to the
integrated Elilc activity {lEt'lG) during a naximal
voluntary contraction performed at 1 G. At 3,5 G

IEIIG was lotr for TA and VL but exceeded 40x for
RA. At 5.5 G there ras a markedly increased acti-
vation of VL. It therefore appears that during
straining rhen perfoming SACII there is a sub-
stantial activation of m. quadriceps femoris and
m. rectus abdoni ni s.

The physiological adaptations taking place in
response to endurance training (ET) are very dif-
ferent to those occurring consequent to yeight
training (fT) (12); a fact, r,hich has been ne-
glected rhen discussing effects of physical
training on physiological responses to changed
graYi tational forces.

Recent data suggests that llT but not ET in-
proves Gz tolerance (8, 10, I3, 14). A positive
relationship uas also demonstrated betreen le9
strength and G-tolerance (14). Thus the greater
the strength the greater is the G-tolerance.
Fighter pilots were examined before and after 11
wks of a progressive but lor intensity, lou
frequency strength trai ni n9 progran (3 ) , They
perfomed leg presses, leg cur'ls, sit-ups and
bench presses. The program improved strength and
anaerobic porer of quadriceps muscles and Gz
tolerance as rel'l . In a recent study two groups
of pilots, conpetitive athletes and non-athletes,
undenent a 30 month xeight training program.
Both groups increased muscular strength and G-
tolerance and the ath'letes displayed greater

It is not surprising that G-tolerance is im-
proved subsequent to simulated combat training in
human centrifuge (2) although the under'1ying
mechanisn is not ful'ly understood. Likerise,
fighter pilots display higher G-tolerance than
non-pilots (6). Yet, there is an appreclable
variation in G-tolerance arpng experienced
fiqhter pilots 12, 3, 4, 6). Hence, in some
piiots the linit may be set already at 7 G using
a standardized profile of gradual onset rate
(G0R) or rapid onset rate (R0R). Due to the
'inpressive poyer and maneuverab'i l i ty of modern
fi ohter Dl anes i t i s therefore not too
soicul ati vL to suggest that the pi I ot' s G-

tolerance could be a limiting factor in future
combats,
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muscle strength- and power and Gz tolerance pre
and post training (14). Anecdots and reports from
various laboratories have described decreased G-
tolerance in runners carrying out excessive
vo'lune of loy intensity running. It appears
though that this effect is not present if the
intensity of the training, and therefore also the
cardiac stress, is maintained high (14).

The hemodynamic changes typical ly occurring
consequent to endurance training yould suggest a
decreased capacity in sustaining high G-forces.
Endurance training reduces catecholamine levels
during exercise at the same abso'lute or relative
po|,er output. Also, when given i3-blockade, train-
ed subjects display less of decrease in heart
rate conpared to untrained subjects, It alsD
appears that endurance training causes 'increased
cardiac paras)mpathetic actiyity (15). Altogether
these changes in cardio-vascular response to
exercise, noticed after endurance training, may
impair the pilot in combat. lihat then governs an
increase in G-tolerance after reight training?
Long-terfl and intense strength training resu'lts
in ske'letal nuscle hypertrophy and a concofiitant
decrease in muscle capillary density (12). In our
studies (3, 14) there xere no significdnt in-
creases in muscle mass, probably due to the
relatively loy load, intensity and frequency of
trainiflg. Skeletal muscle innervation, honever,
is typically inproved folloriing training result-
ing in increased nuscular strength and enabling a
greater mechanical conpression of blood vesse'ls.
This nay in turn prevent excess 'leg blood pool-
ing. It cannot be ruled out though, that changes
in synpathetic activity or control of circulation
is influenced by reight training. Long-term
neight training, houever, is not associated with
increased systo'lic or mean arterial blood pres-
sure at rest or during standardized cycle ergo-
metry exercise or heavy lifting exercise (16,
17).

In conclusion, it appears that a high aerobic
porer is not a prerequisite for d high G-toler-
ance. Studies, rather suggest that excessive en-
durance training nay impair G-tolerance. On the
contrary, yeight training has shown to be effect-
ive in order to enhance G-tolerance.

5. Tesch, PA., Balldin, UI . lluscle fiber type
composition and G-tolerance. Aviat. Space En-
vi ron. lled. 1984. 55:1000-1003.

7. Tesch, PA., Sporrong, A., Balldin, UI.
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8. Ihinnery, JE. +G. tolerance correlation uith
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I nt roduc t ion
Studies on the }leyo huoen centrifuge (l-3)

docuoented that zero erteriel, pressure at heed
Ievel and the sioultaneous loss of the ear opaciry
pulse uniforoly preceded loss of consciousoess (cLO€)
by a period of 3 to I0 seconds a3 illustreted in
E right penel of Fi8ure l.

The capsbility by coobined us€ of an anti-C
suit and du6culer-respiratory streining laoeuvers
developed duriog IJorId $ar II of producing the
systolic arterisl pr€ssures of 200-300 m H8 et
heert level required to oaintai.n cerebral perfuBion
durin8 suEtained erposures in the 6 to 9cz ran8e,
have, until Ehe recent advent of very oaneuverabl,e
high speed fighter plane6, provided reasonably ade-
quate prolectioo sSainst CLOC (4-5).

Horrever, reelization that an unacceptably hiSh
frsction of lhe fatel creshes of F-16 end orhe!
hiShly toeneuvereble eircraft have been ceus.d by
GLOC he3 evolved Sraduslly froo the late 1970'e up
to the pre8ent (7-9), The recent fatal cra6h of an
advanced fighter plane flot,n by an experienced
eogineelin8 test pilot weering e re!l firted USA.F

6nti-G euit highlighrr this probleo (10). l,tulriple
incidents of this type coupled t,ith the adoissi.on
by the U.S. Ai.r Force that, in the upright or par-
tially supinating position, the!e is no knorrn
operationally accepteble oethoal for elidinating
GL0C (II,12), eophesizes the ioportance of reducing
the oorbidity of GLOC, i.e. (inciden!6 of CLoC in-
duced fatel crashes) + (torel iocidenrs of GLoC).

At leest three po8sibilities of reducinS the
probability of e cresh follorinS sn inedvertent
occurrence of GLOC (in-flight) hav€ been proposed.

The fir6t is the use of an on-board special.
purpoSe couputer to activate a pl6ne control
takeover systeo shen calculatioos besed on real
tise input of height ebove the ground, air speed,
plene ettitude, etc., indicate thst the pleoe is
neariog the heiSht froo l,hich crash evoidence is
approachinS the i6possible (15).

The secood, Eore sophisticeted spproech, iB to
ectivete such a takeover systeD on the basi6 of
real-tiEe 6ooitorinS of e physiologic variable(s)
chsoSes in ,hich ere e unifor[ly relieble indica-
tion of iipendinS lose of coosciousness (ll,I5,l6).

The third, end oost ea3ily iilpleoented, is to
utilize induced GLOC trsining on a huEan cent!ifuge
to reduce the duration of the period of incapacita-
ti.on that fo11ou6 GLOC and thus the Iikelihood of
an uocontro l led cra6b (10,14,I5).

Theoreticelly, if a co6ple!eIy relieble euto-
es!ic gaouDd iDpact crash avoidance tskeover systeD
could be devised, barring Dechanical, electro[ic
end/or coopute! failures, grouod iopect creshes
eould be elirinated by the first of these three
Iisted possibilities. Since developDeot of this
apparently ideat eolution is undereey (15) and also

Suppoia;i Lt DARPA contrect rlo. N5500I-87-c
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is beyond the authorsrarea of expertise, it rill
not be discus3ed further herein-

lovever, date collected durinS huoan centri-
fuge and in-fliaht studies of the blsckout and
unconaciousneaa probleE during Wo!ld Har II are of
sigoificance i.n reletion to the second and third
poesibilities. Intensive t€sts of a variety of
enti-G suits, self-protective oaneuvers end other
enti-C stratageos lrere carried out in the 1942-1945
period (17-23). Ihe oor€ than 300 healthy young
@n aod roEen l,ho served ss volunteer subjects for
theBe studieB erpetienced approxidlately 10,000 ex-
po6ures to centripet6l acceleration ranSing from 2

to loc on the Uayo humen centlifu8e and in spe-
cielly instruDented dive boiubers (Fi8ur€ 2).

of vigion and/or loss of consciousness as uelL as
date coocerniog acute and possible residual demage
froo such exposures, eere obtained. A description
of these date, thich are of potential value rela-
tive to the,:se of: (A) Physiologic ooniroring ro
activate an autooatic plane control takeover systen
prior to or coincident l,ith pitot Loss of conscious-
ness and, (B) the possibility of acute or chrooic
injury fro6 induced episodes of GLOC for training
purposes folloss ( 14, l8 ).

Ar Horbidity Reduction by ProdroEaI l,tonitoring
Pholoelectric plethysEographic techniques for

non-invasive EeaaureDent of chanSes in the opacity
(blood content) of the esr and pulsatile changes in
ea! opecity (blood content) ploduced by each h€ert-
beat sere recorded routinely in alI centrifuge and
in-fIiSht studies by trdo Eodified l,liltiken type
oxireler earpi.cca <24-28\ beld in place on the
ears by 3pecially designed universal clanps nounted
on a head band or for increased convenience and
coEfort of repetitive volunteer subjects, a custom
Dade plaster skull cap ses used particularly by the
laboratory personne I ( 24,28 ).

Fi8ure 3 i.8 en exaEple of esr opacity aod ear
opecity pul6eB and oth€r veriebles lecorded during
a series of expoaures of a healthy young oao to
progressiv€ly high€r, l5 second duration, plat€au
levels of acceleration.

E.H. tJood, E.A. Leibert, end C

Ieyo Clioic
Rochester, Hinne BoEa 55905,
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Note perticularly (ri8ht penel) that the ear
opacity pul3e oeB obliterdted throughout the expo_
sure to 5G but thet failure to resPond to the
periphelel and centrel Ii8ht siSnals uas delayed 5

-0079.

}IORBIDITY REDUCTION OF IN-FLIGHT ACCELERATION
INDUCED LOSS OF CONSCTOUSNESS*
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I Beceuse accurate
Eul t iparaine ce r phy-
sioloSic recordinSs
se re obtained during
mst of these expo-
sures (Figures
I -4), conside16ble
in fo rllat ion con-
ce rninS the phy-
si olosic al t€ ra t i ons,
rtich invarisbly
oc cur prior to acce-
le rat ion ioduced Loss



and 6 seconds, reBpectively, after the attainoent
of 5C and, Eost ioportantly, reletive to a possible
on-tine prodrooel CLoC serninS BysteB, arterial eer
opecity pul.BationB rrere absent for 8 eeconds before
evid€nt Ioss of consciousness occurred.

Figure 4 is s recording of the chanSes in ear
opscity snd eer opacity pulBes along rith sioulta-
neous iotrs-erterial pressure6 et base of brain snd
heart leveL during expoauree to incressinS plateau
levels of ecceler6Eion. Note that loas snd reco-
very of directly recorded intra-srteri.el Bystolic
ples6ures at head 1eve1 occurr€d sioulteneousl,y,
i.e. on the ssEe healtbeat as the losa snd recovery
of the ear opscity pulse,
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Ihe 6oe11 stite Light (g) belov th€ accelero-
@ter dial flashed every second. A red filtered
IiSht (f) to the left of the seconds fl.esher lJsB

illunineted snd its intensity ooduleted in propor-
tion to the eEplitude of each eer opacity pulse
detect€d by the electrooic circuilry described
el seehere ( 16,24-2E).

Vieving of the series of cine filos obtained
on the l{eyo Euoan C€ntrifuge durinS t{orld Iar lI
(10-33) and published synchronous recordinSs of the
ear opacity pulse and other variables durin8
EuItiple incidents of bleckout snd/or GLOC on the
Hayo Huian Centrifuge or in-fli8ht (16-28), provide
convincing conforDstion that ecceleration induced
loss of vieion (i.e. bleckout) is frequently pre-
ceded by a severel second period of loss of ear
opecity pulBe, parEicularly in unprotected indivi-
dua13 and, if e nearly concooitant or subsequent
loss of coneciousne€B occurBr it is inveiiebly pre-
ceded by loes of eer opacity puL8e ranginS froo
about 3 to 10 seconds prior to the sluqing in the
seat shich occurs lJith Euscular relaxatioo et the
onset of the unconscious state.

These data docuoent the possibility that a
loss of ear opecity pulse of lon8er thsn 2-3
seconds duration could be used to ectivate: l) A
vieuol. or auditory warning signel to the pilot of
the danger of iopendinS 106s of consciousness or,
2) an autonatic plene control takeover systeo.

There are, hoeever, operationel and physiolo-
gicel con8iderstions IJhich decreoent the apperent
advanteges of use of such e syBteD.

One of these is illustrsted by the r€Ia-
tionlhip of oini[e1 eyatoli,c arterial pressure at
head level to syaptoos experienced in 18 subjectg
during Bustained expo8ures to Cz acceleretion on
th€ Meyo Huo6n Ceotrifuge (Figure 6).
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That Los6 of the car opacity pulse duling cz
acceleration is essociated sith zero arterial
pressule at heed level., has been an iovariant
finding in siEultaneous r€cordings of e!teriel
pressur€ at head level, snd the ee! opecity pulse
during Eultipl.e exposures of healthy young Een to
cz accelerations ranSinS froE 4 6 7e (24-2A).

Fultheroore, in the rore than 50 incidenEs of
loss of consciousneeg obgerved frou 1942 throuSh
1945 oo Ehe l{ayo huEsn centrifuSe and j.o-flight
(Figures l-4), a period of et least 4 seconds of
zero or very near zero esr opacity pulae invariab-
ly preceded loss of consciousness. These findings
support the belief that lo33 of the ear opacity
pulte could be used as a forensrning of possible
Ioss of coneciousness.

Visuel docuoentetioo of this possibi.Iity l,as
achieved back io 1943 by use of €Iectronic cir-
cuiary, designed snd built by Relph E. SturE (29)
rhich, in resl tiEe, illuEineted and Bodul.ated the
intensity of s red liSht in proportioo to the
etnplitude of each photoelectric ear opacity pulse-
tion detected $ithin e subjectrs eer before, during
and after exposures to Cz accelerstion.

This photoel.ect!icelly activ6ted light ses
Eounted in sn as8erbl.y juxteposed to the subjectrs
heed, 6s illustreted in Figure 5(a) of a single
fraoe froo e rotioo picture of a 6ubject i.n the
cockpit of the lleyo buoan cent.ifuge.

The upper (b) dial and lorer (c) dial.s indi-
csted elapsed tioe in seco$ds and acceleretion in e
units, respectively, TI,o lights Doutrted betseen
these diels, the left (c) covered rith e Sleen and
the right (d) sith s red filter, sere iLluoinaled
Bynchronoualy l,ith 1i8ht sigoals in the periphersl
end central reSioos of the subject's field of
vision, respectively, and eere turoed off each tiEe
the Bubject responded (h) ro these respective
peripheral and centrsl light signels.
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These direct arteriel pressure date indicete
that zero systolic pressure et head level for one
o! oore heartbeats is slseys associated tlith sj,8ni-
ficant 106B of vision.

Hoeever, although the six instences of loss of
coosciousness ser€ ell preceded by s 3 o! Eore
second peri,od of zero systolic pressure et heed
level, in 24 insteoces, GLOC did not occur in 6pite
of periodB of zero erterial pressure at bese of
brein l€ve1 ranginS froo I or 2 hesrEbeats to as
loog as 7 seconds.

A Eore coapl€te picture of Ehe reletionship
beteeen Einioll systolic pre6sure ar iead Level end
si.DUltaneously recorded ear opaciry pulses is p.o-
vided by FiSure 7.

These d4ts docu@nt
th€ fect that 10ss
of the ear opecity
pu lEe is a reli.abIe
index of sirluIta-
neoua zero or v€ry
near zero sYstolic
PresBure et heed
level. Hoeever,
shen the ear opacity
pul.se and ert€ria1

--.Etr,E";Hii.,r. pressure et heed
leve I s!€ 6ei.otained

throughout Cz exposur€s, the relationship beCl,eeD
theae tt,o peraDeters is quire variable, For
exa6ple, in different individuals, the a plitude of
an eer opacity puIse, genereted by s heertbeat
resulting in s 50 @ H8 peak erterial pressure st
head level, Eay reoge froD 40 to 1001 of the ear
opacity pulse recorded et lc just f'rior to the
exposure. Never-the-less, chen the aoplitude of e
8iven eer opacity pulse l,as less than 302 of the
control value, the srterisL pressure of that par-
licular beet at heed level tJes invariebly less thsn
45 m H8. FurtherDore, if this situetion p€rtained
for Longer than the ischeoic anoxic latent period
of the retina, 6oEe degree of visual iopairoent
i.nvs r iably occurred,

Conc Ius iong
Duri.ng Cz ecceleration, loss of the ear ope-

city pulse and zero syatolic pressure at ear level
6re siDulteneoug phenoEenon. Consequently, loBs of
th€ ear opacity pul6e can be used as a relisble,
non-invaBive prodrooal carning of visuaL 106s and,
if susrained for Eore than 2-3 secondg, as s danger
sign of poBsible inpending loss of coosciousness.

B: GLoC l,lorbidity Reduct&n bI Pilot Training
The potentiel velue of GLOC traioinS is based

on Ueyo Centrifu8e lesults and oore recent, exten-
sive data by Whionery end colleaSues (13) drich
indicete that the duretion of the period of dia-
orientation es to tioe and place, {fiich elueys
follos6 CLoC, is reduced an aversSe of 8.5 seconds
during sub8equent incidents of Loss of conscious-
n€ss in experienced centrifuSe subjects. This
reduction in recovery tiEe could be the difference
betlreen Iife and deeth if ao inadvertant incident
of CLOC occurs during e siouleted high c, Ioi. alti-
tude coobat oaneuver auch as co@only pr6cticed by
fighte r pilots ( 14),

Since Gz acceleretion induced cotsplete loss of
vision, i.e. blackou!, is u8ually eBsocisted irith
very lo, or zero erterisl pressure at heed level
and losg of conaciouaneas is alsays preceded by
zero arteiiel pressure at breiu Ievel (FiSures l_4,
6), the posgibility that 6ultiple incidents of
blackout and/or loss of coiaciou6ness oiSht Pro-
duce residual retinal and/or cerebrel daEage oerit6
investiSat ion.

DurinS the October 1942 to October 1945 rsr
yeer6, four oeobers of the X6yo centrifuge steff
experienced oultiple e:(po6ures to ecceleretions of
2.5c to loc, rrhich ,ere susteined routinely for 15
or rore seconds snd renged in nuober froa 246 lor
subject RLE to I,198 for subject EHW (lE). Syoptoraa
raoging froo loss of peripheral vi3ion Eo loss of
consciousnesa occurred in 70 percent of these expo-
Bures resultinS in accuoulaled losses of central
vision of Eore than one-half hour in tr.o of these
eubject e (Table l).

tduro rE o, ua3 o, rlrrn4h& rE cD r!rBId'tlrrccEr,',f,'cadEl
o.td.! Ir!? 6 0.6r.r le!,

96

rt.,

. Dr-!- d 'l,tdi r-. or ,cr*.r.r ddoi 6rr!b.rsiErd.
The nuober of idsteuces end accufiulated tioes of
cooplete loBs of vision experienc€d rithout loss of
conaciou6nes6 in these i.ndividuelB are tabuleted in
Teble II.

6d, !rI2 !. 0!6, 1919

The incideots of losE of consciouane6a uhich ranSed
froE 3 to 23 in these four individuels are listed
in Tabl€ III -
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Because the ear opa-
ci ty pul se l,ss
recorded th!oughout
@3t of these expo-
sures, it is possible
by oeasuri ng the
total accuriulated
ti&e of zero pulse
aopl itude , to €st i-
Eele that the total
accuou lat€d Cide of

sure st head level
in these individuel6 renged froE 3.4 to 15.6 oinu-
tes (Table Iv).

At this tioe, 42 yeers Later, it is of
interest thet these individuals heve norBal vision
for personB in thei,r a8e group snd are as ective
physicell.y end Eentally es one could expect efter
enduring oore then their ellotted 3 score end I0
yesrs of existence oo Plaoet eerth.

s-r08

I
!

I

IIt
!l

I

'!iaEi;r 6iEr



2

3

5

6

1

8

9

the re fore, that subjec t inA pilots
to aeve16l incidents of huoen centri.fuge induced
Loeses of conscioueness for training purposes has a
high deAr€e of safety and is e polentially life
saving exerci6e. Consequeotly, inclusion of this
procedure 6s an inteSlel pert of the training
prograe for fighter pilots oerits serious con-
sideration by the nititery (10,f4,f5).

A Euch Dore certain cres and plane saving
solution of the CLOC probleo is, ho\rever, described
e I seshere ( f5,23,34,35 ).
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Load-bearing tlssues of th€ glraffe present
l[porlant raterial for developoental studles of
adaptlve uechaolsns to gravl!y! FetaI gtraffes
8ro9 ln a qua6i-rel8htlesB envlronEenE ln utero,
thereea adult anlEels reech 5-6 Eeters tall and
tlBaues of thelr legs beer reiShts up to 6everal
hundred kg during uprlSht standlog po6ture.
Tlaaue eaEples rere obtalned fron four adolescent,
two a8ed, and three negborn glraffes. Aftea flxe-
tlon ln fordalln! ce11 den6lty, olcroclrculatory
denslty, add tlssue hypertrophy sere quantlfled ln
oenlsel froln knees, ln ert€rles froo the neck and
1e88, end ln the heart. Neuborn glraffes had
hl8her densitles of ceIls and Dlcroclrculatory
vesgels ln thelr neniscl than adult 8iraffes.
The reLative avascuLarl.Ey of adul! Eenisci nay be
related to coopr€saion and functlonal loBs of
their olcroclrculatlon upon assnrptlon of upriSht
poature uith lncreased ue{8htbearlng. In the
cardlovascular systeo, prouounced arterial uaII
hypertrophy In dependent tlasues rr6s a prooinent
fealure of the tlreffers adaptation to lrlereaBed
ayate[lc and depeod€nt blood pressures.
Siollarly, nyocardial sall hypertrophy ess also
aasoclated elth gtraffe Eaturlly, In su,@ary, the
developing 8l.raffe represents an excellent Dodel
for studyl[8 tlssue edaptatlorl to lncaeasloS load
bearint ln e norosl gravltetlonal f1eld.

lNTRODUCTION

CoEpared to our knorledte of the effects of
Hel8htleseoe66 upon bon€ and rlu6cle, relatlvely
1ltt1e 16 kfloen about lllcrogravlty effects on
other load bearln8 !1s6ues (e.8., eenlscus, lnter-
vertebral diac, cettllage, fascle and other con-
[ectlve tl6Bues). Futtheroore, Eore studlea of
developoental bLoloSy are needed to elucldate
oechanlsos by chlch vatlou8 load-bearlo8 tlssueg
adap! to lncreaalng ueiSht bearlng iu a norDal
8ravlletlone1 fteld on Earth. Such lnveati8atlon8
oay ptovlde lBportant lnfotoatlofl concernlng
reedaptallon of space travelers to noroal Sravlty
followtng ptolon8ed etpoaure to telShtlessoess.
Moreover, at'roed rlth thl6 undeastaodl.nS, counter-
treesures a8arin6! loss, atrophy and/or de8eneratloo
of load-bearldS tl6suee loay be developed ooae
ea31ly,

The tlraffe, Clraffa caEelopeldalld,
repredenta aa lopoitant oa@allan Eodel foa
developEental studles of tlssue adaptatloo to
iocreaslng v.e18h! beartoS. l{hereas fetal Siraffea

develop ln a quas l-sel8ht less ollleu, poslpattuo
Slraffea mrat contend rlth lncresslng Ioad beertnS
llr Ehelr depeodent Elssues as they groe to hetShtg
over 5 netets and to selShts over I0OO kllogrars.
Prevloua studles of the adult glraffe c6rdto-
vascular systeE (4,7t11) Lndlcate rhet lt ls cer-
taldly a unlque Eodel for lnvestlSatlng the
physlolo8y of bet[g tall and adaptetlons !o laEge
and vaEleble tradlents of blood pressure. these
early studle6 of blood pres6ure6 docuoent thst
erterlal f,ressure near th€ glraffe heatt 16 about
lulce that ln huEans ln order to provide Eore dor-
dal blood pressure snd p€rfuslon to the braln.
DurinS our 1985 clraffe PhystoloSy Expeditlon to
Afrlca, atudies focused upon heriodynanlc adap-
tatlons and edeua preventlon ln 1e8s of adult
giraffes (5). Brlefly, se found rhar rhe blood
and lisaue fluld paessures whlch deterolae
traoacapillery ul.tref lIEratlon are hlghly variable
eith exerclse (Flg. 1).

Flgure l. Range of oeaned blood and tlssue fLuid
pressurea llr neck and foot of salklnS glraffe6.
NeSattve venoua and subcutaneou6 pressureE durlog
exerclae help prevent dependent edeDa. lllth head
upal8ht, Eean arterial pressure belou the las
ranged b€tueeo 36 and I55 oo tl8 (e.9., 145/55 @ Hg
for systollc/dlastolic pressures). Drlnklrl8 rrater
lrl head-do*rr posture ralsed carotld preEsurea Eo
730/240 da Il8. Froo nertens et aL (6).

These pressures, codblned ulth a tl8ht skln
and fasclal 'anttgravlty sutt" (ftg,2), nove
venous bLood and tlssue fluld upuard agalnst
Sravlty, lhus preventinS poollng of blood aod
edella in dependent tlssues. More proxioally, an
actlve skeletal-Euscle puop ald6 venoua return.
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Fl8ure 2. AtretoDlcal evldence of "antlSravlty
sult" 1n Slraffe foot. T18ht skln end fa6cla
surround blood vessels alrd connectlve tlsaueg.
froto Hargena et al. (6).
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out preseot Btudy preBents prellolnary
results coocerlllnS develophental alleratlona
ln load-beaalnt tlssues of ueeborn and edult
glraffes. Irl this peper eophasls is placed on
vascular eall thickness ln relation to 1oca1 blood
pre6sure and on oelllscal adaptatlons to lncreaaed
load bearlng io the developlnS Sireffe.

METHODS

Tls6ue sadples sere collected froo four 5-6
year old, 1 L/2 - 4 Eeter, nale and feuale
BLreffes durlnS the 1985 Clraffe PhystoloSy
Expedltlon to Afrlce; three nerborn end teo 25
& 35 year old, 5 Detet adult tlraffe8 froo the
Cinclnnstl and Cheyenne l{ourlteln Zoos. ArterIe6
!,ere obtalned frotl the neck (cerotld) and fore-
1lobs (d181t61) and flxed ln 102 buffered foroslln
prlor to proceaglnS. Arterlole8 and other olcro-
clrcuLatory veaaels r€ae saopled froo skln end
Du6cle of the head, neck, thorax, 1e8s, and feet.
trledlal and lateral oenl6cl rere collected froE
hlndllobs of tuo neeborn and tco aged Slraffed
(25 and 35 year oLd fe[a1es). cell and vascular
densltle6 sere Eeasuted ln 6 Eicron Ehlck croas
sectlonB of each Eenlscue for supeEflclal as rrell
a6 central oenlscal reSlons (F18.3).

FtSure 3. Cellular and vaacular denaltle6 eere
Eeasured ln reglons ,1 thaough 15 of anterlor, Dld
and po6terloE portioos of each glreffe oenlacus,

RESULIS

The noohydro8tatlc preaaure gradieot do$n the
Straffer6 luSular veln lndlceteB that blood
cascades down frol[ the heed and that clrculatlooa
above heaEt level do not depend upon a Blpholrllke
prlnclple as recently proposed (1), other €deoa-
preventlng nechenl6trs lnclude dependent precap-
111ary vasocoostllctlon eod very 1orl caplllary
PerEeab t l tty to plas[a protelna.

Although ee nevet had the opportunlty to
oea8ure blood pressures ln n€uborn Slraff<6; baaed
upon coDparable studles of othet specles, aEterlal
preasurea of baby glraffe6 are probably algnlfl-
caotly lorer at heart level and tn depeode;t
tlaaues then those ln adult glraffe6. It ees
apperent that depeadent arterles ln adults had
Euch thlcter ie1ls than those lo neeborn glraffes
(Fle. 4).

Fi8ure 4. Four hundred ol.cron dlaDeter arterles
froo fooE sLln of aduLt (top) coEpared to nerboafl
(bottoo lefr) 8lraffe.

IIl adult aoiraals lt \res €vldeot thet arterlal
rraLl hypertEophy correlated dlrectly clth the
detree of tl.s6ue dependency (Table I). Thus, irall
thlckness to lu[en ratloa of large arterl.ea
lncrease froo head to foot except for one "ankle"
ertery that dtdnrt folLos thla pattern. In the
tlsaues thet t.e exairlned, arterlal salI
hypeatrophy uas apperently restrlcted to ve9se16
ulth oute. dlaDetera greater th.n 400 olcrons.

Table I. Ratloe of sdooth-Duscle rall
thLckneos/luoen redtus (r/r) for arterles fro.0 the
oeck to the feet of adult glrsffes.

Artery

Cerotld

Brachlal

FeEoreI

UInar

Radtal

"Ankle"

lletatsrsel

Di.Sttal

r/r
0.r5 - 0.20

0.33 - 0.43

0.65 - 0.68

o.70

0.70

0.33

0.51 - 0.81

0.56

outer Dlaoeter (@)

9.5 - 1.0

5,5 - 7.5

4.0 - 4.2

7.2

5,4

4.6

3.1 - 4.8

4.0

In teroa of ceII densltv-
resurte eugsest ti"i^.*iiii,lr"ll,ff:iTf:;I""
have_hl8her cell denstttes than sdult giiaffee lnarl re8ton! studled (F18. 5).
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ANTtiIOR pressur€ Sradlent ftoo heart to foot ln lhe
uprl8ht, otatlonary Siraffe (5) suggests that the
reductlon ln lu.Den cross-seclloDal area playe eore
tole in blood ptessute reductloo to dependeot
tlssues. It saa lntereatlng thst the arl€rlal
eal1 hypertrophy ees appalently conflned to depeo-
dent vessels slth dlaoeters over 400 E1crotr6 ln
adulta and was not observed ln nerborn glrsffes or
ln vessels near the head of edult 8lreffea.

The loeer celI and vascular d€naltlea
observed ln adult gtraffe aelllscl, es cotrpered to
those 1Ir nesborns, Day b€ related !o lncreased
load bearloS end occlualon of the nlctoclr-
culatlotr durlnS adbuLatlon of th€ BroulnS Slraffe.
In adult hullans, blood perfu8lon of the trenlscus
ls conflned to tts peripherel 10-25I (3) sod huoan
Eenlscl lose va6cularlty durioS developDeot froo
Ehe fetus ro adult (2). Also, io response to pro-
longed exerclse, reg!,on6 of the rat lnenlgcua adapt
dlffereotly ln teru6 of both DorpholoSy snd
biocheolstry (9). Other changes obaerved duriuS
Eenlscal developDent In ce11 culture lnclude dlf-
fereoti.atlon of ceLl types and ptoteo8lycan-
ptoduclo8 cepeclty (12). The loier cell dendity
that re ob6etved ln edult gpeclEens olry reptesent
an sdaptetlon to decreeaed vascular denalty eod
poorer nutrltlon of central retloos I2 and t5 ae
previously postulated by SElllie (8). A8 reported
earller ln the ra! (10), ve also obselved calc1u
deposlta In oenlscl of aSed glraffes.

In surMary, our results coflcernlnS tlssue
adaptationa to lncteesed loed beerlnS 1n the
developlnS Slraffe provlde lnterestloS and
prellolnery flndlnSs that deserve fnrther lavestl-
8atlon. Uore gtudLes of the developiiental bloloSy
of glraffes are needed to elucldete oecharllslla by
uhich tisaues adspt to lncteased l,el8ht beaalnS.
Such knosledge Eay provlde useful lnforoatlon for
under8tandhs the effectB of tJelShtleaaoeaa on
loed-bearinS tls6ues and for developldg counter_
aeasures to ald reedaptetlon of these tia6uea to
noroal gravlty after prolonged 6pace f1lght.

ACKNOI,ILEOCEI{ENTS

These studles eere suppotted by Srant8 fror
l{Sr (DCB-8409253), NIU (EL-32703), Nattonal
ceoSraphlc Soclety (3072-85), vetereoB
AdElnistretlon end NASA. ge thank Profesaor
gouter van Hoveo and lhe Departilent of Zoology,
Unlverslty of Pretorl,a for provldlog Slraffea and
facll{tle6 for our 1985 Clraffe Phystology
Expedltloo. lre thank Dr. D.C.A. lleltzer and
Roodeplaat Research Lab6, Dr. Richsrd Burroughs
aod the Natlooal Zoolo8lcal Gardens ln Pretorldr
and Dr. Fri.k J. SteSEaon and the Utrlveralty of
PEetorla Veterlnary School at oBderstepoort. IJe

thank Dr. Paul Calle, the Cheyeone llountain Zoo'
and the Cincl.dnati zoo for Provldlng aPecltrena of
baby and aSed glraffes. ge a16o thank S. schacher'
T. Tangen, and A. CrenahaY for techolcal
asa16taoce and C' Anderson for helP etth oenuacElPt
prep6tatlon.

l1 t2

lt l2

,5
Rtctotls

lltD

,t
RECIOXS

POSTERIOR

,1 
'5

,1 ,5

;' 500
E
E

i roo

2' !O0

: 2oo

E'*

0

0
,t t2 ,3 ,1 

'sntGot{s

Figure 5. llenlscocyte denslty in aoterlor (top),
nld (center), and po6terlor (bottoo) portlons of
nel.borrr veraua adult speciEens. Cell densltles
sere 1oi.er in adult oenlsci thao ln baby Eeolscl..
Sir0ilar trends to lower vascular density sere
observed itl Denlscl of oeuborns as coopared to
adults. Alao, note that central re8lons t2 and
15 have fecer cel1s than superflclal retloo6 11,
13, and 4.

DISCUSSION

l{e belleve the developtng Slraffe provlde8 an
excellent oodel for lnvestlSatlona of adaptlve
Dechanlgos to Increaaed tel8ht beartnS. Although
thls paper presents prellolnsry and intrlSulng
results for the erterlal aysteE and Den1scl of
neeborn and adnlt glraffes, other load-bearing
t168ues such a6 bone, Ioudcle, lntervertebral d16c,
cartllaSe, llSaoentr tendon, fa6cla and veloB
should be hvesll8sted as ?e11. Arterles of Ehe

feet are souetinea exPoaed to blood Preaaurea
g.eater than 4oO or E8 tn adult 8traffes (6)'
iheae veseels have develoPed Proooudced srlooth-
truscle hyperttoPhy and natroued luoens 1rr otder to

acco@odate thelr extraordlnary blood pte6Bures'

Orr" pa"rfou" rePort of a le8s thalr nornal arlerlal'
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SPACE FLIGHT EFFECTS ON TISSUE LIPIOS
IN GRAVID RATS ANO IN THEIR OFFSPRITG

I. AhIers. +L.v. sgrova, E. Ahlersova
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HEMoPoIETIC STEM CELL (CFUs) f.iEASUREMENTS
IN PREGNANT RATS FLO}JN ON COSMOS_I5I4

BIOSATELLITE

Vacek, D. Rotkovskd, A. Eartonidkovd,
L. V. Serova, T. V. Michurina

and E.I. 0anaratskaya

Institute of Biophysics, Czech. Acad.,5cj..,
8rno, Czechoslovakj.a

Institute of Medical and EiologicaI
Problems, Ministry of HeaIth of the

U.S.S.R., Moscow, U.S.S.R.
Institute of Developmental BioIogy, Acad.

5ci. of the U.S.S.R., Moscor,e, U.S.S.R.

Changes in the number of hemopoj.etic
stem cells (CFl.Js) were studied in pregnant
rats during the recovery day and in their
offspring during selected days after a
5-day flight on the biosatellite Cosmos-
-1514. A statistically significant de-
crease ras found in the CFUS number in
bone marrow and spI eens of pregnant rats.
0ifferent changes in the number of CFl..lsl
/ I06 nucleated cells in the bone narrow
and spleen of F and SC rats indicate that
the extent of the decrease in CFUs pool
in the spleen {as inf Iuenced by the action
of non-specific fIiSht factors. In thB
offspring no significant changes were
found in the bone marrow and spleen pools
of CFUs during their ontogenesis.

Introduction
one of the manifestations of the ef-

fect of space flight on living organisms
is the inhibition of erythropoiesis which
*as observed in mice aftet the ApoIlo 1I
mission (l), as lrell as the same depres-
sion observed in rats after theiE flight
onboard the biosatelli.tes Cosmos-605 and
Cosmos-782 (2,1). Ihe decrease in the CFUs
number in the bone narrow of rats on the
recovery day after flights on the bio-
satel"lites Cosmos-916 and Cosmos-1I29 (4)
and changes in hematologic parameteEs of
astrorats flown on the shuttle mission
Spacelab I (5) j.ndicate that factots as-
sociated with space flight may produce
changes in hemopoiesis,

The results of a short-term (5-day)
space flight on the hemopoietic stem cells
( CFUs ) in bone marrox and spleens of p reg-
nant rats flown on board the Cosmos-1914
biosatell.ite as weII as those of theit
offspring are presented in this report.
The exDeriment ras part of a broader re-
search project (Embryogenesis) aimed at
determining the effects of lieightlessness
on tt " 

ptin"tal development of foetuses
dur ing ac ti ve ontogenesis'

l{aterial and l,{ethods
Female rats of a I'iistar strain were

4 months old, and on day 1l of their preg-
nancy at Iaunch and on day I8 of their
pregnancy at landing. Pre- f I ight the rats
weighed from 280 to lI0 9 as wel.I as con-
trol gEoups. The fol.lowing groups of anj.-
mals |,,ere used: (I), flight rats (F);
(2), a synchronous model control (SC)
- kept under the same conditions as the
F group, but on Earth; (l), vivarial con-
trol (VC) - placed in the conditions of
a terrestrial vivarium. For the hemopoie-
tic stem cell study a spleen - colony
assay method (6) was used, which was
adapted (7) for the- appl.ication in rats.
The !,hoIe-body 5UCo-qamma irradiated
isogenic recipients were 2l - 28 days
of a ge.

Results
Changes in the CFl..ls number in femoral

bone marron (BM) of pregnant rats on the
recovery day after the l anding of the bio-
satel.Ii.te exhibited a decrease in the
cellularity of _the F group and in the num-
ber of CFUs,/I06 nucleated cells, and thus
a significant reduction of the totaL CFUspooL The SC control gEoup displayed a
slight insignificant reduction of the pool
of CFUs in BM as a result of the decrease
in celIuIarity, because the CFIJs number
in 106 nucleated cells was the sane as
that in VC rats.

BM

cFU3/ 106 rd cFUs/ gM1d cELLULARITY

10

M
xsignificantly different from controls (o)
(p / 0.0r).

The different behaviour of the
spleens under the experimental conditions
was observed, Both the F and the SC rats
displayed a significant reduction of ceI-
lularity and spleen lieight as compared to
the VC rats. That total CFus pool of F and
5C rats lras not significantly different'
vrhile it was so as compared with VC rats.

II
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The results of the CFl.is content in
the 8M and spleens j.n young rats - off-
spring of the main expe.imental groups -
are shown in the folLowing table:

CFUs number in 105 nucleated cells (off-
spring)

Age
/ days/ n

a high influence of the stress reaction
on the F as *el.l as on SC rats. The course
of the age changes in the pool of CFUs in
BM and spleens of young rats document that
the l{eightlessness had no significant
influences on the ontogeny of foetuses
of pregnant rats flown on a biosatellite.
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0 iscuss i on

The fesui ts presented are consistent
with a prevj.ous finding of a decrease in
the CFUs number in the bone marror in
femurs and humeruses of rats on the recov-
ery day aftet an l8 - I9 day flight on the
biosatellites Cosmos - 9r6 and Cosmos-1129
(4) and show that already a 5-day stay
of animals in the state of xeightlessness
significantly changes the pool of marrow
CFUs. It is of interest that there !,ere
no signj.fj.cant changes in the cellularity
of bone marror betreen F and SC rats,
xhich is consistent rith the observation
of Lange et a1. (5). The different changes
of the CFLrs pool of the spleens indicate



CHANGES OF DEOXYRIBONUCLEOPROTEIN AND NU-
CLEIC ACID CONTENT IN TISSUES OF PREGMNT

RATS AND THEIR OFFSPRING AFTER 5 OAYS OF

SPACE F LIGHT

E. MigUrovii, K. Krop6dove, J, G6bor

Insti.tute of ceneral Biology, p, J. 5af;j-
rj.k Universlty, Ko6lca, Czechos lova kia

Oeo xy ribgnucleoprotein breakdown j.n
spleen, thymus and Iiver eras evaluated onthe basis of polydeoxyribonucleottde Ie-veI (3), quanritarive changes in nucleic
acids j.n the same orqans ancl in the blood
were exaDinated by method of (4).

_The pregnant ratg re16 analysedveral hours after 5-day spacefI16ht
on the day 18 of pregnincy; tireii oisprrng on rhe day 15, 30 and 1OO werlysed. The resulrs on flj.ghr group (
vtere.compared to those ot-moaEr 1iyinous) experlm6nt (M) and control'rit
The condLtlons of the experj,ment wer
acribed nore in detall (5).
Results

Methods

ONA in s pleen
reduced mo re t
nus ( Fig, 3) b
con t roI rats.
blood of f ligh
half of norBal
experinent the
nucleo tides an
thynus and blo

(Fi9.2) of flighr rats nas
han by one hali and j,n thy-y one third conpared with
Concentration of RM in thet rats nas decreased to one
values (Fig. 4), fn nodel
changes in po Iy dooxy rlbo-d nucleic acids i,n spleen,

od in milder degree occured,
Flg.1 Preqnant fe-
male rats - concen-
t ra tlon of polydeo-
xy ri bon uc leo t ides
ir o rgans

S9-
(i.e.
e ana
F)
chro-
s (c),
e de-

Exposure of pregnant rats to nj,-
crogravity on board of "Cosmos 1514,,
biosatellite for 5 days caused slgnifl-
cant decrease in nuclelc acld conient
in spleen, thynus and btood. The ex-tent of changeg in nucleic acids etas
comparable with those in male rats af-ter 18.5-21 days of flighr in previous
6xperiments. Honever, no signs of deo-
xy ribonucleoprotej,n breakdonn in spleen
and thynus of pregnant rats nere fd,rnd.
From these findings ere suppose that the
sgnsitlve ceIIs demaged at the atartof
satglllte could not 16generate because
of ehort fllght duratlon. Therefore
the s€nsltlve calls tte16 not prosont
ln tha tlssues durlng hypergravlty at
the 6atelIlt€ landlng. In oifspring ofpregnant rats no significant chang6s
vrere tgund, however, the tendency to
rgtardation i.n nucleic acld increament
durlng growth of neanllngs 1s evldent.

fntroduction
In rats fron rhs blosatelIltes Cos-

mos 782, 936 and 1129 ne have found that
thg decrease in nucleic acid contcnt in
involuted thymus and spleen several hours
after 79.5-27 day flights nas accompaled
with pronounced increase in ths level of
chromatin fragments determj,ned in the fo rmof polydeoxyribonucleo t ides (1). RecentlyLt was shown that polydeoxyribonucleot:.di
f ract ion repregents deoxyribonucleic com-
ponent of nucl6oggmes and their oliooners
which are released at the breakdown-of
nuclear chromatin (2). Under varioue ex-
perimen ta1 conditions polydeoxy ri bonucle-
otlde lovel 1s lncreased only temporarily
flith maximum at hours 4-8 aftsr the treat-
nent. In consequ€nce, the increas€d leveL
of theae compounds is a good indicator of
s6naltlve ce11 damag€ induced shortly be-
fore the exami.nations. Repeated stlmulus
l6ad6 to the same reaction only after
reappoarance of sensi tivg celLs-namely
lymphocytes and erythroblasts.

In this paper the effect of space-
flight onboard of cosmos 1514 sat€lIite
on pregnant female rats and their off-
sprlng nas s t udie d.

In pregnant fenalg 661s DOlvdeoxvri_bonucleotide leveI in the splLen, thyius
and Li.ver was the same or rLther deci.ea-
sed as conpared to the control rats (F1g.1). lJucleic acid concentration in thiIynphoid organs was 1n the range of con-trol vaLucs; as a resLrlL iir doErease inorgair llcight the total content of RI\]A and
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Fig.2 Pregnant f€lna1e rats - concentre-
tj.on and conrent of RNA and DNA 1n spLeen

In liv6r of pregnant rats no signlfl-
canr changes were found nlth the excap-
tion of m1ld lncrease in RtlA conc€ntra-
tion in fLight group ( non-denonstrated
results).

fn offsprlng thB changeg wore less
pronouncod then 1n mothers. The leveI of
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Fig.3 Pregnent fenaLe rats - concentra-
tion and contenr of RNA and DNA in thymus
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polydeoxyrj,bonucleotldes 1n spleen, thy-
Dus and Iiver yras kept yrirhin the rangeof control values (Fig. 5). the quantlta-
tive changes in nucleic acids in the
spI€en (Fj.g, 5), rhyll|us (Fig. 7), blood
and liver (non-demonstrated results) aI-
tho,./ gh dot starisricall), significani, arenoteble because of the apparenr rendency
to{rard reduc!ion 1n RNA and ONA amount infligh t g roup.

OSF SPR I I'L G. POTYOEOrIRIBONUCLEOTIOES

r[l'l r,fu
F ttc
t00d

F tacId F UC
rrd

Fig.5 O f fsprin g - concenrration
deoxyrj,bonucleotides In o rgan s
Conc 1u9 ion

,d loc tod noa rd oa ta Bd
Fig.7 OffEpring - conqentratlon and con-
tenr of RNA and ONA ln thymus
matin breakdown in sploen and thymus. The
difference follows probably trom the fact
thar during the short-term spaceflight
there was not timB enough to accomplish
regeneratj,on of eensitive celIs damaged
at the srart of sat6Ilite. Then the effact
of factors at landlng didn't result in d+
tectable breakdown of chronatln.
3. fn offspri.ng of pregnant fonale rats
expos€d ro rhe spacefllght conditions no
staristlcally signlf icant changas nero
observed. Neverthelessr the t€nd6ncy to-
nard retardation in increament nith the
ag€ of nuclej.c acld content ln gpleen,
thyous and liver and to lower nutleic
acid concantrarj,on in blood of offspring
is no t abLe,
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EFFECT OF CHRONIC CENIRIFUGATION OI1 IiIOUSE BREEOIIIG
PAIRS AIID THEIR OFFSPRITIG.

Forty female and sixteen male mice (lCR; Har'lan-
Sprague-oawley) were placed on the centri fuge at
five weeks of age at g ]evels bet*een 2.3 and 3.59
(rpm=45). There were 10 fenal es and 4 males at each
of the four g levels studied. Contro]s were housed
in the same room. llice on the centrifuge |iere
al loried to adapt for 8 weeks prior to breeding to
avoid effects of maternal stress on the embryos.
Estrus was induced by rep'lacing bedding in the
female cages x'ith used beddi ng from male cages. Two
days later, vaginal smears were taken from females
at either 2,3 and 2.9 or 2.6 and 3.59 levels, and
those in pre-estrus or estrus (4) were paired over-
night l,ith a nale at the same g level (CE fetuses),
or with contro'l (19) males (CE-CN fetuses). Preg-
nant females l,,ere sacrificed by cervicaldislocation
on gestational day 18. Fetuses llere fixed in 10U
buffered neutral forma'l'in, blotted and weighed,
sexed, photographed, and stained with alizarin red
ar'd alcian blue (5). lileasurements of area, form
factor, longest dimension, and perjneter of the
long bones vlere carried out on 5" x 7" photographs
using the Bioquant Imaqe Analysis system. In this
system, form factorls defined as 4n(area)/perimeter'?
and longest dimension (LD) as most distant point
along the perimeter from the point of origin.
Significance was determined using the Mann-lJhitney
rank test.
R€sults:

Results are sho n in Table l. The new system of
breeding reliably produced pregnancies in the cen-
trifuged animals, but there were still fewer preg-
nancies in centrifuged fenales than in control
females. There were no pregnancies at 3.59. l{umber
of resorptions per litter and percentage of male or
female einbryos was not affected. There was no
significant effect on litter size except for 2.69
females mated with control males. Embryos exposed
to excess gravity weighed sign'ificant'ly less than
controls at 2.6 and 2.99. Crown-rump 'lengths of
centrifuged embryos at 2.6 and 2.99 were signifi-
cantly less than those of controls (Fi9. 1).

lalidn''rl..frb-|d..

i lr-d,-/ i.lc n'

JENNIFER t'tooRE and JACKIE DUKE.

I ntroducti on

Previous studies have shown that fetuses of chroni-
cally centri fuged mice are smaller than fetuses of
control mice and that areas of ossification in th€
long bones of these fetuses ar€ reduced (i). There
were also fexer pregnanc'ies in centrifuged animals,
which could have been due to changes in the estrus
cycle resulting from centrifugation (2). In the
current study, the possibility of such effects vias
obviated by using vaginal smears to confirm recep-
tivity of the females prior to pairing rith a ma]e,
either at the same g level , or at 19. Again, cen-
trifuaed fetuses were found to be smaller than con-
trols, and to have reduced areas of ossification.
These effects were less in fetuses with 19 fathers.

l{aterial and llethods

CONTROL
Fi gure I :

CENTRIFUGED

For in vivo centrifugation studies we use a small
animaT EEntri fuqe baied on the design of llalters '
wunder, and Smiih (3) consisting of tno cage hol-
aers wittr 4 cages Hhich stlingout at an angle deter-
mined bv the r:p.m. For this experiment' cages

were-reiesiqnea to allow division into I to 4 com-

;;;;r;;i;; ;;;h ,ith itt o*n rood and 
'iater 
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18-day old fetuses

fetuses of chronical'ly centrifuged mice are
smaller than 19 fetuses, and have reduced areas
of long bone ossification (l). Felrer pregnan-
cies occurred in centrifuged mice. In this study,
exposure of chronically centrifuged females to
ma'le bedding 48 hours prior to mating i nduced
estrus as detenni ned by vaginal smears. Females
were paired with males on the centrifuge or at
19, and rere sacrificed at l8 days gestation.
Fetuses were weighed, measured, and stained t{ith
alizarin red amd methylene blue. This nelr mating
method increased centrifuge pregnancies, but not
to control levels. There ,,rere no pregnancies at
3.59. I,ieights and crorn rump lengths of centri-
fuged l8-day fetuses were less than those of con-
trols, significantly so at 2.6 and 2.99. There
was no effect on litter size, number of resorp-
tions per litter or male/female ratio. Eones of
centri fuged fetuses were found to be sma'ller and
shaped differently from controls. Effects were
mitigated by matings with 1g males. Results con-
firm our prev'ious reports of decreased fetal size
and areas of ossification in hypergravity, and
denonstrate a rel iable method for providinq
timed-pregnant mice rn hyper-g conditrons,

University of Texas oental Branch, oental Science
lnstitute, P.0. Box 20068, Houston, TX 77225.
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Results from morphometric analyses are shown in
Tables II, III, and IV and Fig.2. At 2.39, the
primary effect was on bone shape, as s holin by the
increase in fo rfl factors (Table II). Significant
changes were also seen in L0, which was increasd
except in left humerus, Perim€ter was decreased in
all cases, but the difference was significant only
in u'lna and tibias of CE-CN embryos.

t @ @' l!Eq!

J]tA!

Tab le ll: llorphometri c Analyses-2.39.

At 2,69, area, longest dimension and perineter were
decreased, in most cases significantly (Tab'le lll ).
Areas of ossjfication in CE-Ct{ fetuses were greater
than those of CE fetuses with some of these differ-
ences being significant. There was no significant
difference betlieen CE-CN and Ct{. LD was signifi-
cantly decreased in most CE bones, as was perimeteri
Siqnificant differences in LD were also found be-
tween Cl{ and CE-CN fetuses (except for humeri ), but
perimeters, except for fibu'lae, did not differ.
Form factor was significantly i ncreased in both
CN-CE and CE fetuses except for CE-CN humerus.

CoNTROL CENTAiFUOEO

Figure 2: 18-day fetuses, alizarin stained.

shape seen in this study are likely to result frcn
a direct effect on the fetus due to increased
mechanical forces in utero. Differences in bone
size nay be i nd i rect -:;6T;ted to snaller fetal and/
or maternal size, However, in vitro studies have
shown direct effects on prenlfaT-fffib development:
precocious chondrogenesis occurred in centrifuged
limb buds (8), and in cultured fetal long bones,
decreased formation and i ncreased resorption re-
sulted, un'less the culture was pressurized (9),

ilechanical and nutritional factors, are largely
known and can--and rti ll--be dissected out. Less
easily understood is the 0Ederation of centrifuga-
tion effects by mating at 19. This could be due to
d'ifferences in sperm of 19 and CE males (10) or to
the fsnale being at 19 during the first few egg
divisions (4). These and other results of altered
g--effects of i ncr€ased g on circad'ian rhytlms in
primates (chronic centrifugation) (11) and t{euros-
pora (39 at'liftoff) (12)--dictate that we increase
our knowledge of centrifugation and ofgravitational
effects in general so that centrifuges on Space
Station can be designed and used to their, and our,
greatest advantage.
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Tabl e III: ilorphometric Analyses-2.69.

At 2.99, area, LD, and perimeter were signifjcantly
decreased in all cases, and form factor rras increased
si gni fi cantiy (Table IV).

!!El !a !E! :4

Table IV: l,lorphonetri c Analyses-2.99.

Discussion

Ilechanica'l and nutritional factors, both of which

313r3l jf '3!,!LB,l,lii"?ulit:"tr r+;F"l?83.iff "hl!
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oligaemia of the CNs induced by 50
exposure to 5 g acceleration once
(Fis.4),

minutes
a day

AOAPTAT ION OF IMMATURE BRAIN
TO POSIT IVE RAOIAL ACCELERATION
OF 10 G AND 5 G

5. TROJAN AND J. KOUOELOVA

Ins ti tute of Physiology,
Charles Unlversity, Faculty of Me-
dicine, Prague, Czechoslovakia

Radial accelera t i on inhibi ts venou s
return and causes stagnant hypoxia
(ol.igaemia) or anox ia (ischaemia)
of the organi.sm. C i rcu latory arrest,
i.e. genera 1 s tagnant anoxia, inclu-
ding the CNSt develops in rats at
an acceleration of 10 g. 1t Ieads
to changes in metabolism, structure
and function of the CNS, the final
outcome depending on the degree of
developmental maturity of the CN5.
Nervous tissue reacts to different
degrees of oxygen de f ic iency in di-
fferent xays. In young rats, posj.ti-
ve accel erat ion of 5 g causes stag-
nant hypoxia of the CNS uhich is not
1etha1 until it has acted a rel.atively
I ong time. Res i stance to thj.s treat-
ment dimin i shes wi th age.

0ne group of rats were exposed 4 times
daily at 2-hour inteEvals, for J minutes
less than the Iethal exposure dose, t?
an overload of 10 9 from birth tl rre
age of I8 days.

None of the animals survived 4 !,aily
exposures to stagnant anox i a at 2-hcur
i.ntervals for longer that 6 days (Fi
i..e. the ma x imum du rat ion af anox i a

which some of the animaIs were expos
l{as 5 hours and I minutes,

F igure l. Adapta ti on to repeated s tagn an t
anoxia ( 10 g acceleration) 4 times daily
wi.th 2-hour intervals.
Abscissa: age in days ; ordinate:percentual
suEvival.
Columns - percentage of deaths on indi.vi-
dua I days, bEoken line - dynami cs of death
in percentual form.

5,r0
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Another group of rats were exposed
once a day to 5 g acceleration, either
fEom birth to the age of 17 days, or
from the I2th to lTth day. The duration
of exposure vJas chosen acco rd i ng to LDsn
for 5 g dur ing ontogenesi s (Fig.2) and'"
was either 25 minu tes or 50 mi.nutes
(Fig.l).

The ind ica tor of adaPta t i on of the
exposed aninaLs was surv iv a I under con-
ditions of repeated oligaemi.a and the
res istance of their CNS to ischaemia
caused by L0 g acceleration on the ITth
rjav. 6 hours after the Iast e\posure
Ii' i o ."cut"r.tion, and on the t'th dav 

'
48 hoirs after the Iast exPosure '

None of the animals surv i ved t epe a reo

s.l)
to
ed

Figure 2, 0evel,opment of resistance of
rats to s tagnaflt anox i a (10 g acceleration)
and stagnant hypoxia (5 g acceleration).
Abscissa: age in days; ordinate i survival
in minutes

0f the rats exposed to repeated oligae-
mia (5 g) for 25 minutes once a day from
the age of I to l7 days, 902 survived. The
resistance of the CNS of these animals to
ischaemia (positive acceleration of I0 g)
on the tTth and I9th day of life was 50?
and 60t higher than normal (Fig.+).

Adapted animals were disti.nctly more
resistant compared not only with intact
rats. but also wj.th anima 1s exposed to
a sinole dose of I0 g for I minute Iess
than ie tha I e xposu re dose A or 24 hours
before Last. The increase in the resistan-
ce- oi aOaptateO rats ras of a relative1y
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long-term character. still damaged by oxygen deficiency and
medical science is often able to save Life
only at the cost of permanent impairment
in the motor and menthal sphere.

F igure l. oynanics of resistance
ted ol igaemia (5 g acceleration)
exposed once a day from the age o
and I2 ( ) days.
Abscissa: days of experiment (age
ordinate: percentage of deaths on
dual days.
Eold line - 5 g once a day for 50
broken line - 5 g once a day for
tes.

Figure 5. Lactate/pyruvate ratio (L/P) and
excess I acta te (xL) in the prosencephalon
of l8 -day -o1d rats.
Abscissa: A - L/P in the controls, I - L/P
and XL in ra ts exposed 1 minute less than
the Iethal dose time to I0 g acceleration.
C - L/P and XL in rats adapted to repeated
exposu re to L0 g accelera t ion twice a day
Hi th a 4-hour interval, from birth to the
age of 17 days i ordinate - values in umo1.

0ne of the chief i.nterest of both ex-
perimenters and clinj,cians must therefore
to be look for new possibilities fo! the
prompt and objective diagnosis of imminent
hypoxic brain damage and foE an objective
diagnosis (Fig.6).

to repea -
of rats
f l (.)

in days);
indivi-
minutes,

25 minu-

nat

C 17 ',tg
4hr l,lhr

Fi.gure 4. Resistance to ischaemia (10 g
accelera t ion ) in rats exposed f rom birth
to age of I8 days twice a day with 4-hour
interval to repeated stress of l0 g.
C - resistance ot I8-day-old contEols;
black columns - Eesistance of adapted rats4 or 24 hours after the last repeated ex-posure; shaded columns - resistance to l0q at ITth and l9th dav.

From the biologicai and the clinicalaspect, there fore developmental immaturitvof the CNS has its pros and cons. On theone hand it all,ows great resistance andadaptability of the CNS to changes in theinterval environment, but on the other. it
.rrmlts the diagnostic possibilities, Sincenypox 1c dr sturbances are nani fes ted in suchunequi vocal indi cators as an i ncrease i;the blood,tactic acid level (ai;.;i-;";
plasma LUH activity (From Trojan S., ActaUniv.. CaroI. Med. Monograph. Ixxxv.'rsiiimeraDolrc changes in the immature 6"qrnii,;seem at present to be the b".t ;;";;;;li;"'crrl_rrra. Large number of cnifoien-arJ""

The Ph,siotoSist, vot.3l, No. I, Suppl., t988

F igure 6. Scheme of react ion and adapta_tion to oxygen- deficiency Ouring oni69e_nesis in corel lation to ine intEnsi ty-of hypox ia and the exposure tlme.
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DyN.A-lrlICS OF PRoCESSES - A POSSIBILITY
TO A}IA],YSE PHYSIO],OGICAL ?ARAMETERS

H.-U. Balzer, l(
K. Jewgenow

Hecht, S. Wel ter,

By helfs of a slnple nathemetlcal coD-
neetlon j-trs pos81b1e to detentrlne the
rest efficiency3 p n .-x/kr\6+a _u e
R- ". - rest effe-"^"-

c rency
D - aluratlon of sleep outclualing af1

times of awekaninga
x - number of awekening8 at nlght
k=I0.

The problen of determination of blo-
rhythmic s process

A biorhythnic process is characteri-
zed by a period.ic chance by one or nrore
biochemical or physiological parameters.
ltrs neceasary to provide a loca1 anal
temporal measurenent of this paraneter
to d.etemine the periodic change. In this
caae the neasuring tine TD should be es-
sential bigger aa the pertod of blo-
rhythn T-, which is verifled.
It is po5sible to provide stochadic
neasurenent too. In this case the cha.nce
iYas use a less nunber of measurenents
anal false biorhythns wef'e not generate.
In any case it i.s neceseary to consialer,
that not only regular but also irlegular
neasurenents takes an incluence of blo-
rhythrns, which is investigeted and other
biorhythms too. This lact had to be con-
sider to select the paraneters and
methods of neasuring.

Moalel s of biorhythmlc proceases

Departnent of Neuropathophysiology,
Humboldt-U nivers ity Ber1ln 1040, cDR

Biological systeos are influenced by
geophysical and geochemical processes.
Theae processes consist of periodlcal
a,nd aperj-odical portions.ln b iol ogi ca1
aystems they are reflected by a hierar-
chy of bior\ythms.8y means of autocor -
!elation and Four ier transformati on a
oethod to deterelne steble and ilstable
conditions is offered.lhe chLef compo-
nent of this analys is the so-called
double aut ocorre let i on. The alternstion
of circaseptan rhytho in sleep distur -
bed. patients and i.ts important desyn -
chronical effects with following sta -
bilisatj.on i.nfluenced by drug abusus
or pl8.ce b oappl i catl on is lnvestigated.
lhese presented nethod i.s a besis to
analyse disturbed processes of biolo -gical syatems both in physiologicel
and biochernlcal parame ters.

INTRODUCTION

most simifary fom of biorhythnic
can be descrj-bed by y slnusfunc-
re na.ned: modelfunction) l
sin (c^Jt + !),q= ?'tf /\p

In the
Drocesg
iton (n

I+

p
f

o
It is
by dif
1at lon
peri.od
mum of

ossible to get these parameters
erent nethods. Here the autocorre-

function was use to deternine the
I .T are selected bv firat maxi-
afft o8orrelat iofuncti6n after pro-

Sleep in roan is today a problem with
nany unanswereal questions. Itrs well known,
that the physiological basic of sleep is
the existence of hierarchy of biorhythms.
But these rhythns can be dlsturbed ran-
donly or periodicall-y. The problen of
function tliagnosis of sleep by nan in
earth and apace nust be3
- to reco8nize totallty of biorhytmics

processes of biological system 'rman'r '- to recognize not only the inflow of
inside but a18o of outside stochastic
and perlodic phenomenons,

- to detemine the interaction of these
phenomenons.

Thi sleep polygraphy ls a obiectiv nethod
to resuli itrese pioutems. But this nethoil
is difficult, e:penclly and used on].y in
o.I % all of cases. Iherefore it was ne-

"i""".v 
io ,s" a special questionaire' In

this tire patient had to note careful dar-ry
f ol1owi ng 3

- duration of tlme in bed'
- duration of sleep '- auratlon of awekenings '- nunber of a'rekenings at

s- 124

vidlng a test of signllisation.
Using methods of Fourier-analys ing are
detennine A^, f and f^.
on this way"the real-t Ymefunct ion is re-
presentetl by y ainusfunction as a firat
approxination. The normelized coef f ic j-ent
k of autocorrelation was understended too
as the probability of foundet biorhythn
in the realt imefunc t ion.
Biorhythmic process canrt change erratic.
Therefore it was necessery to look for
other Dossibillties to determine ilynanlc
change- of biorhytluns. The method of alou-
ble autocorrelation nay be a posslbility.
Usinethis method a window with a minlmum
i""iEti, of N=25..,10 (N=measuring polnts)
is movetl trough the reaL-t ime-funct ion.
In everv case the coefficient of autocor-
relatioir and his pertinent period T- are
detefllined. Two nirw functions wes gtt

""a tir. result of first lrindorv are the
iirst meaeuring points of nev{ functions'

night.
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1T-:.-=r)!nan

! lgure Ii Exanp
timelunction aad the
function.0n the ba8
ionaire are se lected
of undisturbeil sleep

R.ESULlS

In this beginning investigatioa by
using these biorhythnic nethod in di-
sturbed and undlsturbed sleep following
resulta can be found 3

- for unalisturbed volumtars appared a
circaseptan rhy

- for patients wi
rhythm changed

- ?henonenons of
are charac teriz
rhythms ,

- the phaee of stabilisation takes 2 -
J weeks,

- two significant peaks can be aletemi-
ned i
Firstly: the lowest sleep quallty bet-

ween sunday and mondey
Seconilly: the highest sleep quality

between friday anal saturday
- substance P proveil as a ti.ne regulator

ol circaseptan rhytluls in sleep

a/t
tlun,
thd
to 2
deto
ed b

lsturbed sleep the
- I days,

xications treatnent
y aleaynchronoses of

1ef
det

icogc

or a rea,l sleep-
ermineal model-
f speclal que st-
ircaseptan rhythm

Figure 23 The real- aud modelfunction
of ttisturbeal sleep with a perioal of days

Figure 4! Change of biorhythn of a
sleep ilisturbed patient in case after de-
toxicBl trestnent anal sinuLtanous appli-
cation of placebo

CONCI,USlON

REI'ERENCE

fhe represented dynajlllc of process
in li8ure 4 ls characterlzed. by a swin-
ging reaction with followetl stabilisa.tlon.
Using the pa.rsneters of this swi.nging
reaction nay be verlfied and compared
diflicult biological answering raac-
tions. lhe di.scrlbetl method is applica-
ble to any physi.ological or biolollca1
peratnetela.

1
5

.IiSure l! After ad.nlnistration of
ug/kg boaty weight in this patient thereaseptan rhythll is conpleiely restored

I. Sinz, K.:
ZeltEtrukturen und organlsche Regula_

^ 1i9", Aka!. verlag BeiIinrgZB
z. Dnlrnovr lil. L.3

lehTSa-nC d_er hbleren Mathemat i k,Deutscher Verlag der Wi ssenschait en,Berl in D5 3
The Ph)sioloSisr, Vol.3l, No. l, Suppt., 1988
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BIOIOGICAI, MINUTE RHYTHMS OF SENSORIAI
AND MOTORIAI TUNCTIONS OF PRIMATES IN
THX ADA?TATION ON HYPOORAVITATION

I nt roduc t 1on

adaptatlon on nicrogravitat ion in thesoviet bloaatelllte'ICOSIOS 1657".

Iab. I3 Characteriatlce of nicro- and
macrorhythms.

Microrhythns Macrorhythme

J. Dre8cher, K. Hecht, K. Jevgenov,
Jevstratov, c.G. Shlyk, E.A. IlJin,
Korolkov, E. Wacht e1

J .A.
v.1 .

Departnent of N europathophysiol ogy,
Hunboldt University, Berlin IO40, cDR
Institut of Biomedical Problems,
Moscow, USSR

The influence ol hypogravitation onblological minute rhythns of sensorial
and notorial functions of primatea was
explored on baae of instrurnental re-
flexes und.er the conalitions of the ex-
perlment iCOSMOS I567",

In preflight erperlnents the naxi-
num of significant reastion tlme rhythms
is located in the range from I to 2-
mlnutes. Under hypogravitation minute
rhythns show a consialerable variabil.ity
of frequenciea and becone stabilized i;
the period range fron 2 to 4 ninutes.
After return to earth slgnificant pe-
riode occuretl between I and 2 uinuies.

1ow frequency
st ab 11ity
high anplituale
stability
connected with
a complex systen

aletenrination
(endogen) by
metabalisn pro-
cesses

high frequency
stab il ity
]ow anplltude
st ab 111ty
connecteal wlth
conditionlng of
organiem
strong coupllng
with pace maker
( exogen)

cosi03-laar arte !12 aax ..""..'",."-

I

-.
-

The gravitationat physiology &nd space
mealicine need in relevant methods for
describtlon of stress reacti.ons and
mechanians of ad.aptation on extrenally
eaviroflnental conditions. The physlo-
logical tine organization repre sent s
en important criterion in the adapta-
tion of an organism in the lnteraction
with alternatinS envirorunental condi-
tions. fhe organlzation of Buch time
structures of organisnic functions take
place at many level s.

Biochemical reactions, ce1l cul-
tures, organs and organisns display
cyclic behavlours. There is a hierar-
chy of biorhythrs with several length
of perlods in a living systen. Bio-
rhythns exists in ranges lron micro-
rhyth.ns (msec to hour), macrorhytluns
(hour to week) anal periods larger than
'reek ( 1on€t1ne rhythms). FolLowlng
sDeciallv characteristics of micro- and
nlcrorhyihns are knowD (tab. r). the
variability of frequencies of nj-nute
rhythns wai used to investigate the

s-126

Figure L ExsJllple of an operator action.

- 
Leg movement - - - Signal channel

Definition of reaction tine
{

I-sensoric

3-mot oric

Figure 2. Continiously series of sea-
sorial &nd motorlal neacti.on tines.

Uethods

The investigations were carrled out
on. rheaua-monkeys, higher non}luoan pri-
mates, whoae mental functions are sir
conpLex that their enotlonal behavior
and elernentary operatlonal acts were ex-plored on base of continiously seriea ofsensorlal and motorial reacti.on tlmes(Iig. I and 2). The alteratlon aynanricsin ninute rhythrls of senaorial aid mo-toriel reaction tlmes were investlgated
on 5 prinates (2 ln space, I control
animals) .

I
I

I

I

I

ll

rl
tl
ll
rt
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Usirg these instrunental reflexea which
requireal stereotyped 1eg movenents(pushlng the stlck of e 1eg actograf)in response to a light slgna1 fr6m aspecial panel we becane seneorlal andmotoriaL tine aeries in !,vhich we lookeilfor minute rhythms by a apecial conputer
complex progran ( spl ine-interpo lat 16n,Autocorrelation function, C os i.nor-
Rhythnometry, Crosscoreletion function.
Periodogram and Fourier-analysi s) .

Re sult s

Ihe verification of significant re-
action-time rhythms by conplex spectralanalysis showed periods ,{iih 1enEhts
from O,3 to 6 miuutes under preflight
conditlons of the experiment-,TCOSMdS
r667n .
_ The Baximun of relative frequency(fig. 3) in the hj.stogran of n1;ute -
rhythms perioals is Located, in the inter-vaI fron I to 2 minutes (57%). Tbe eva-fuation of adaptive capabilities of thenlgher nervous activity and integrative
functions of nonkeys unaler flight con-
crlt]-ons ( hypogravitat i on) is denon-
strated in the seconal histogre$
figure 3. Histogrsms of significant re-
action tine rhythms during operator
actions in 'rCosnos 1667r - (No = Z)

period 1
weightle
return t
of relat
of the c
the rang
(57%).

ength of ninute rhythms ln
ssness wele normalized aftero earth condltions. The maxlmuJn
1ve frequency in the histotrarnontrol experiments occured to
e of periods fron I to 2 ninutes

Conc lusion

0

20

45 q9 't 22

C ontrol
(7 days)

F 11ght
(7 days)

Prefl ight(7 days)

Periods I
(Min. )

Investlgatlone of ninute rhythms of
rhesus-nonkeys sensorial and mot orialfunctions ln blosatellite experiment sdenonstrate that the biorhytirm models
are aalequate to the alescribtion of aalap-tation procesees. Moreover, the result;
suggest the importance of psychophysio-
logical minute rhythng as a critarlon
to descri.be stress reactions under
extrenalLy conditions and also to con-trol the ailaptatlon or readaptation j.n
prlnates under gravitation-hypogravi-
tat ion-gravitat ion.
Reference s

I. Box G.E.P. anal Jenkins G.M.;
Ilme Series Analysis: forecastlng and
control.
Holden-Day, San Franzisko I9262, Chatfleld, C.:
Analyse von Z e itre ihen.
BSB B.G. Teubner Verl.-ges., Leipzig

l. Dreacher, J., Jewgenow, K., Sassr D.,
Hecht, K.!
Mlnutenlhythmen aler Ratte a1s
Indikator von VerAnderungen chrono-
biologischer Oratnungsstrukturen in
Ad aptat ionsprozeB .
IlI . Slrmposiun DDR-UdSSR ,,Chronobio-
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Qeqnov, V.S., Sh1yk, c.c., Verigo,
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,

above tbe preflight coh.mnes. ,fhi1e thefirst day of flight was char€lcterized
by a considerable variability of
frequencies ( acute ilesynchroiri sat ion)on following days up to the end offlight minute rhyth-irs of both functions
become stabilized 1n the period rangefrom 2 to 4 minutes (ZIZ). That meaisthat.the minute rhythms of integrative
functj.ons -are elowerlng in adapfattonon spece flight conditions. Th; nonkevsalso refuged to perform this teetthroughout the fIlght (secondary de_aynchroniaat i on) . It can elso bi assumedthat- thi-s functlons shoulat be 

"e"io""a--conpletely as soon as adaptatlon hasdeveloped. These alterati6ns of the
The Physiologist, Vot. 31, No. l, Suppl., 1988
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RElll-cYCLES i A CRITERION FOR VERI?ICATION
OI' SIEEP REGUTATION, STEEP DISTIIRBANCE

AND THE ETFECTS OF SI,XEP R'GULATED

PEPTIDES

Department of Neuropathphysiology
Hullbolalt Unlversity, I040 BBrlin, GDR

lnstltute of Jrug Research
Acaaleny of Sciencies, 1136 Berlin, GDR

The reference of REM-cycles for
iliagnosls and therapia of sleep was
exelrlined in control and streased rats
with hyposornia by polygraphical sleep
recorillng.

The number of REll-cycles as v{el1
as their aluratlon shown significantly
differences in the nod.e of distribution
between normal sleep anal hyposomnia.

The treatnent of hyposonnla with
Substanc e-?
Peptide by1-1rr.p.

anil Delta-Sl-eep-l nduc ing
aalnini strat ion ind.uc aal

nearly the s&'IIe nomalizing effects in
the distribution Bntl durati.on of REM-
cycles, The results indlcated that SP
ls rnore effi.cient than DSIP in the
regulation of rhythms ln atressed rats.

circaall8n 1ow 1evel of vlgilBncy.
ID the pressnt pep6r the practical

reference of REI{-cycleB for allagnosls and
thelapj-a of sleep ln chronically atrgased
rats wlth substain hyposonnla wag examlne&

UETHODS
REM-cycles of sleep in unstressed

anal stresaed rats by sonnopolygraph i.caL
recordlng alurirg circaillaa minlnuE of ac-
tivity on six fo1lowln8 days wele investl-
8ated. In atregsed rats ryas induced the
substain hyposonnia ( 2) .

REM-cycles were deternined as a pe-
riod between ends of two nelghbourlnS
episodes of paradoxal-sleep stages. The
first cycle rras indeed. refered to atart
the sleep regi stret ion.

Stressed rats wele treated of hypo-
somnia by lntraperitoneal adnlnl strat lon
either Delta Sloep IDduclnS Peptlilc (DSIP:
l0o uelkeld) or subatarca-P (sP:25o uglkg
/d) . The peptides were applicated one houi
belore the sleep recordi.nS.

RESU!TS
In control rats REM-oycles i.n every

INTRODUCTION
the studies of sleep in the mlcro-

gravity enviroment gain in inportance rvith
the d.evelopment of long term orbital spBce
fli8hts. Ttrls problern is nowailays in ear-
ly stage and inclutled. mrnerous unsettled
questions.

the results of moilell erperlrlents
have shonn that hypoklnesla rvith her
reference to weightlessness is able to
induce the distulbances of sleep ( I'2)l
for exarlple, the somnolence lyas observed
in rats aften 2-4 weeks intermittently
irunobillzationi in opposite to this' hypo-
sonnia was resulted aiter 4-6 {eeks inno-
bili-zatlon in the sane rats.

It is rellarkBb]-e that the oplnlon of
the sleep quality aa well aa the admini-
stratj.on of the sleep dnr88 take usually
Dlace without consid€ration to biorhyth-
irical aspects of sleep. the sleep is a
biorhvthmical Dhenomenon3
--on iire one side the sleep belong to clr-

cadian rhvthns of vlgilance i
- on the otirer side the sleep itself rhyth-

mical orraalzeil lnto ultradian cyc'Lea or

"i""o wiiit oscilatory changes of the
iSiii.i-""""o"s sctivatlon referable to

somnogranm ,nere presented. Altogether 140
those cycles (n=I40) were verificated.
The numerical allstrlbutlon of REM-cycles
ln relatlon to their duratlon is Ehown 1n

Figure I n

coatrol
D=I40

0 80r ime

Ihe significantly prloryty of REll-cycles
between IO end 20 nlnutea aluratlon 1a
evid.ent. Gradual-1y d.ecrease of REM-cycles
frequency after narimum correlate with a
incre&sing tlme perioala. Durations ofnore
than 50 ninutes occured only sporaalically,
This results pointed out that the nEu-cyc-
1ica1 organization of a nofltral sleep ls
rhythnica] chronizeil.

I n chlonicalLy ctlegslal Lelg a mrn-
ber of RE :EycfEg (n.Io8)was ilecreageil.
By 3& aonnorranErs thoae cyclea \yere ab-
sent. The alietribution of verificated cyc-
1es wlth regard. to thelr duration dld not
unalerlie apecial regularitj-es 13&a) and
lndicate a few peaks by varl-oua time perl-
o(ls. The tlme perioals of REM-cycleB de-
nonsrated a trend. to increase, if it all
those cycles by chronically Etresaed rats
were mai<ed avallab]e. This results inali-

40

l0

20

I

t
1

cated. that the dlturbances of
sleeD iluring streas-lnduce
nia take the first Place. The
of REU- or paradoxal-sfeep as

p
d
araaloxal -
hyposom-

s- 128

reduct ion
well eE

E.Wachtel, K.Hecht, P.0ehme, H: -U .Balzer,
R.Sleng

o



disaociation of REM-cycles chrakterlzed
the alevelopEent of desynchronosis.

aomnla evellrwh€rg was occured genelaI1y
normalizatlon of rhythmical sleep atruc-
ture. Flsule 4 demostrate thls nonnal-1-
zlne eftect.

n

hyposonnla
n=1O8

I

lo

SP-treatment ol hypo-
aonnia

n=I4540

1

220

1

t
0 20 40 50 80 I0O I2O nlno

Fisure 2:

20 40 50 ao roo r20 rnin

Frequency of REM-cycles ni.th
varLous t lxoe perioals durj.ng
hyposomnia 1D. stressed rats

By trqatlle4L of hyposomnlc tllLDgIP
was occured a normBll
late ol the sleep rhy
evidently shown that
nanc e of REltr-cycles b
10-20 ninutes was res
exception take place
alisturbance with abse
This results conplenented and confirmed
the pravj.ous studies by other authors,for
lnatance , Monnier et al( I, 4) , schoenenber-
er et al- (5), Craf et a1 (5).

Figure Frequency of REM-cycles with
regard to thelr duratlon in
atressed. rata after SP-treatnent

By compsrleon thls results 'rith ths d.i.st-
ribution of REU-cyc Ie s-frequenc ie s in con-
ro1 rats take plac6 Elgnificantly analogy
Substance-P proveal aa a aleep progranne!
re8pectively aa a regulator of b1ologlca1
tifle. This result8 confirmed the regull-
de conceDtion for SP fron Hecht and oehme
(7,8).

Based on the normalizing effecta of
SP anil DSIP both common and alifferences
in the node of restituteal allstrlbution of
RlM-cycles indlcated that SP Is rnore ef!l-
cient than DSIP 1n chronically stresaed
rats with stress inaluced hyposoxnnia,

zinS eflect to regu-
thn. In FiEure 3 ls
the numerical doni-
y duration between
tj-tuted. By way of
the naintaineal sleep
nce of REM-cycLea.

o 20 40 60 80 I00 I2O nln

lnlstrat ion of Substance-
a ys re sge rats lvl

tr'1gure J3 Frequency of RElfi-cycles with
vall-ous tine perlods by DSIP_
treatment of atress_ldluceal
hypoaonnia

After
1n chronic

CONCTUSION
The presented resulta have been pro-

ved that ultradian rhythn of REM-cycles ls
a subtle criterion for the opinioa of sleep
quality as well as for opinion of the effi-
cience of sl eep-med,ic at ion.
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E
R. Siems,

Wechtel, P,

REIATIONS BEIWEEN REM-CYCI,ES,
SIEEP DISTURBANCES AND SUBSTAI{CE-P

IN MAN

lfie thoal s

- 12 patlents with fuactionBl aleep
disturbar.cea were examlneal by rnean of isingle blinal dn-rg aatnlnistration for
gight consecutive nights. The sleepduring the fj.rst, the second and -

third niaht was analyzed without any drug
sdininlstration. Before the following foui
ni8hts the patlents were treateal by 5 AE€ubstsnce-P per kg body weight and niShaintranasal. The sleep of the elghts nj.ght
was recorded without d rug adrinistratj.on
again. 72 sleep recordings of healthyvolunteers were analyzed. Seven channelaper subject, consisting t,no for efectro -
oculogreJn (EOG), one for electromyograJn
(SUS) , _ three for e 1e c t roencephaio[ran
(EEC),(FO-CO, CO-PO, FO-PO, bipoiar) -and
one for e lec troc araliogr8m ( EcG) tyere
recorded at a paper speedof l5run/sec toyield 60 sec epochs. The polygraphical
recordings were analyzed vlsual accordincto Rechtschaffen and Xates(I) in the stalges,one to four, Rem and awake. The sleep
cyclogl8ms were aualyzed mathemat ica11y
anal various standard Daranetera were-
determined3 Total Recordil]r Tine (TRT) -Total Sleep Time (TST) , Tof,a1 Tine Awakd(TTA), Sleep Latency (SL), R6n Latency(RL), Sleep Efficiency Index (SEI),
Number of Awakentngs (NA) , Number of the
shj-fts per hour from one aleep stage to
the another (STS), Tine balance wlth the
shares of the stages awake, one to four,
anil Rern in * of Total Sleep Tine was
carried out. Furtheulore the rate and du-
retion of Rem-cycles and its content !ve!e
analyzed. Another para-meters were the
Rem density (RD) and the NON-Rem-and Rem-
phases and their comparison with the
reference values knowrr from l-iterature
(2) and from ow! neaaurementa.

K. Heqht , A. Diedrich
Oehnei H. Hii11er, W. Voat'

De p
H
artment of Neuropathophysiolo8y,
ulboldt University, Berlin, GDR'Institute of Drug Research,
Acadeny of Sclences, Berlin, GDR

Sleep alterations may be causetl by
streas. Ultradian rhythms of Rem-cycles
are subtle criteria for the opinion of
sleep quallty, The distribution of
frequencies of Rem-cyc1e durations i,yas
analysed. 72 polygraphical sleep recor-
dings of healthy volunteers anat 74 of
patients with functional sleep ilistur -
bances vere studieal. Followlng results
have been obtalneil3 Sleep alisturbed
patients were characterized by reduceal
nunber of Ren-cycles and a distribution
of frequencie8 without peaks j-n oppo-
site to heal-thy subJects ryith 95 min
Rem-cycle iluration in mean. Sleep
allsturbed neurotlcs treated by substan-
ce-? were cheracterlzed by an increaseil
nunber of Rem-cycles per nlght end Rem-
cycle duratiors nearly noI1nal.

I ntroduc t ion

The frequency of sleep disturban-
ces is increased unaler hard or extre-
ne conalitions of Life, for example unaler
conditions of nj.ght-work, aeveral kinils
of psychic or physical atreas Bnal also
under coualitions of spece flights. The
developnent of new strategies against
sleep disturbances is of Sreat illpor-
tance. Usual neallcations. thBt neana the
administratlon of hypnotics etc lnfluence
the mental and physloal effj-ciency 1n man
ss well as the sleep cycl-ogram negati-
ve1v. It seems to be necessary to look
for- substances rvlthout such negatlve
effects. In aniEal experiments in our fa-
boratory was denonstrated' that the pep-
tid.e k-nown as substance-P causea sleep
regulatins effects that IBeans norrallzlng

"ile"t" 
oi Rem-cycles. It ',r'as the alm of

iirese stuaies to verify thB results ob-
iained wittr aninal s in man in sonsldera-
ii"" "t 

functional sleep diaturbances'
iir"t ,""rm of Primary hyposomnias'

I. In healthy volunteers the dura-
tion of Rem-cycles was found to be nostly
between 7O anat I20 mlnutes. Ren-cycles
shorter than 70 oinutes snd longer than
I2O minutes occured only sporadlcally.

2. Sleep disturbed petients were
characterized. by a reduced number of Ren-
cycles (I.3 cycles per night), a Rern-
cycle duration of I34 minutes (nean) and
a decreased shs,re of delta-a1eep.

l. At our patlents with functional
aleep disturbances the administration of
substance-P increases the nu&ber of Ren-
cycles (2,I cycles per night) anal decrea-
ses the duratlon of these cycles (Iog min
ln nean). In each case the duratlon of
d.e1ta-s1eep increases du-rlng the applica-
tion of substance-?. The aluration of
NON-nen and Ren perioiles of the patlents
with sleep disturbances after administre-
tion of substance-P is conperable with
velues of healthy volunteers. fhe number
of nearly undisturbed Rem-cycles especl-
allrrdurine the last two admlnistration
nigirts ls-higher than ln all treated. and
untreated nlghts before.

Results

S.I30



Table I. list of criterie neasuleal
I). before( first night) anat
II) after(seventh ;isht )administration of substan-
ce-P at the sene patient

}l

2
3

!l
2
3

!r
a
2
3

I

2
3

I

.44
39
74

7
I4
89
25
25

I4
3

I7
B

,1

!r

2
J

R

I
2
3

i

I
2
3

i

,l
2
3

R

TRT
TST
TTA

RI
SEI

R.D

awake
stage I
stage 2
stege J
stage 4
ilelta-s1eep
atage Ren

nin
rni!!
min
nin
nin

%

445
)))
85

II2

47a
414
50
48
45
85.5r

B
IO
62 ,ao
!4,49
20 .77
27.54
72.)2
r8.60
30 .92

6 .23

a
%
%

%

%
%
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Figure Ia. Sleep cyclogran of the
first night de scrlbeal
in Table I

Rem I
NoN-Rem 2

Rem 2
NoN-Ren l

Rem l

I
83
56

r35
T7

B
r05

66
raz

59

2
89 I
I7
67

9
a duretion (rnin)
b 'i of nonnal references

Table 2. Effect of substance-p
on cliteria of sl eep( 12 patients with iunc-
tional sleep disturban -
ces)

50

300

Figure Ib. Sleep cyclogre;r of the
seventh night de scribed
ln lable I
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c onc lusion

4. the TST seens to be an unsuitable

7)4

17.)
108

22 .5

for the valuating of the thera_
ency at sleep d.isturbansea ino Ren-cyc1e number anil-durat ionlate crlt eria.
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METABOLIC AND HORMOML CHANGES
IN RATS IHMOBILIZEO AT VARIOUS
TIMES OF OAY

c c ll "ll.
MEMEME

LIVER
TG CH

EMEME
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Metsbollc and horoonal changes cau-
sod by short-te.m lnnoblLlzatlon are al-
ready qulte w61I docunented, We were ln-
terestod ln metabol,ic and hormonal res-
ponses to short-term j,nnoblLr,zatton at
dr.ffersnt tloss of day. Nyctoh€nsral ar-
rangenent of the Experlment was chosen.

Methods.
After thr6e week edaptation to

o
a rtl f 1c1al lI1umina-
12:L2 h, cool light

ty per cagl fron 7 a.n
ture 23+ 2"C, rslatlve
ree access to s ta nda rd
) SPF bred m6le vYlstar
t 240 g vrer6 1ooob1l1-
8c1al boxes . Ths so
up was res t ra inad at
g group at I p.n. Both
ed rats alon
n-1lllnob1llze

wlt h
con t ro llt

ReEults.
iE-B-Tt'of recent studY was to ana-

lvs6 onfv the dlfferonces betwBen restra-
ii"a anO'non-"estralned groups of anlmals

mornlng
s r u D.

or at evsnln
Ths valu€9 o

o
T NEFA were nons 1-

cantLY lowe r 1n
TG concgn t rat ion
y In the evening
of CH and PL.em

(Frg,r),

s- 132

rate at the Dornlng (M) and the(E). values are glven 6s M+SEM,
anca of dlfferenaes be tween
epicted ss + (P( O,O5) or ++
).

L I v e r. TG concentratlon ros€ ln the
evenlng group only, the dscresso ln CH
concentratlon was observed 1n both parts
of the dsy, PL lncraased ln the mor;lng
groep only. The l€v6ls of NEFA remalned
unchanged ( F19,2 ).

1:l

Instr,tute of General Biology, Faculty
of Sclence, P.J. Safrlrlk Uiiversity,
Koglce, Cze chos lova k la

Concant rstlon of non-ssterlfled
clds (NEFA ),trlacylglycerols(TG),holesterol (CH) and phosphollplds
garun of control (c) and r6strat-

Flg, I
fatty
total
(PL)
ned (
ev6nl

1n
R)
!9

(

t

stgnlflc
groups d
(P( O,or

NEFA

standa rd condLtion
tlon, L:D reg 1m6 n
of l50 lux lntensi
to 7 p.ir., t empe ra
humldlty 7o-8q, f
dlet snd tap nater
rats welghlng abou
zed for 24 h ln sp
called Dornlng g.o
I a.n|., the ovonln
groups of res t ra 1n
t h61r anslogous no
ne r€ deprl,ved of f
the 6ntlre r,moobl l
dlately af tar endl
tlon the r€s t ra 1ne
r€ aacrlflced by q
t rlacylglycerol (T
(PL) concantratj,on
ne rna rrow ( fenur )
cent 16t1on of non-
( NEFA ) and of tota
serun and llve r, t
glucose ln s€run a
ver wag de t e rltllned
t rat lon of cortlco
and ,t rilodothyronl
sstlmated. The exP
out ln nlnter, eac
tan anlnals. The r
by t -t6st.

ood and wat€r durlng
126tlon p€ rlod. Iome -
ng of ths lnnoblllza-
d and control, rats we-
ulck d€capltat 1on. Ths
c) Bnd phos pho l lp ld
1n se ruo, l1ver, bo-

and thynus, the con-
68t€rl,fiEd fatty 8c lds
L cholestarol (CH) 1n
ha conc€ntratton of
nd of glycogen Ln I1-
. Furthar, th€ concen-
sterone, thy roxlne (T4)
n6 (T3) ln s6run $,6s
erlnent was ca r rled
h group constst6d of
esults were eva lua t ed

I
d

-l;rl
ci

I

-P"
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F Lg .2. Concentrat10n of
ln 11ver. Other detalLs

NEFA,TG,CH and PL
8s 1n Flg.l.

B o n e n a r r o w. TG concentratlon
lncreassd slgnlflcantly only ln the eve-
n1ng, no changes vrere 3esn Ln PL concan-
tratl,on. Inthynus PL content f6Ll,
ln both parts of the day equally but the

group only,
y by on6 half as
.3).
equslly ln bo th

unc6d inc rea3€
v{as a6sn ln the
).
a s lgn1f lcan t

TG content ln tha nornln
Y{hen 1t wes reduced near
compared to controls (Fl
Sorumglucose ros
parts of the day, a pron
ofll,vsrglycogen
evening group only ( F19.
only ln the mornlng grou
1ncr6a9a of aeruo c g r

sI
I
e

at
S

9n
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1f1

r o n e was notsd. Th€ concentratlon o t
t hy
stral
trol
th€ r

roxlno 1n tho Serum of re-
ned rats waa slollar to that 1n con-
qlqlrg. The lmmoblllzatlon lnduced
ise in levels of trllodo-

thyronlne ln serun, but-e19n1-
flc6;tly ln th€ evenlng grouP only
( F1g, s ),
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Flo.3. Bono marrow concantrstlon and
thiDus contont of TG 8nd PL. Other de-
tar.Is as ln Flg.1.

@.
Th6 Btudlrs on day-tlle dePcndence

of ths lnnoblllzatlon cffect were concsn-
trated nanaly on the actlvlty of ths hy-
go t halaolc- hypophys aa l-ad ren!1 6x14. In-
trcassd serun cortlcosteron6 w!9 obgrrvtd
1n rcts rsstralnsd ln th8 nornlng, vihon
basal concantrrtlon of hornone ls low
(2,4,5). Kant st El.(3) hava found ln sa-
rum of restralnsd rats ors rsoarkablS

i,n thy[us ln th€ Dornlng (I.6. ln tha
perlod of low actlvlty) roflocted bettrr
lhc response to 3trasg roactlon alona.
Th6 Lncraase 1n olucose concentratlon In
serun, ths decreiee of CH ln llver and
of PL contont ln thyEus were obscrved ln
slollar axtant ln both parts of the day.
Contrary to on€-poak clrcadlan oscllla-
tlon pattarng ln rogt of lnvcstlgated
paramitere. tho circadian osclllat 1on3
bf olucoee 1n ths seruo of f6d and 24 h
staived r6ts had two peaks rvlth 12 h ps-
rlod (1) end thls fact could sarva ts a
ba61s for €quel rsspons€ of glucose to
tha strsasor ln both parts of the day.
o6solte of tho lntersctlon of varlou3
faciorg as lnoob1llzatlon. clrcad lan
rhythos and atarvrtlon, our results de-
nonstrated th6 dep€ndenc€ of mstabollc
and hornonal reactton of roatralnod anl-
aals on day-11n., what 3hould be takon
lnto conslderatlon 1n space blology.

F 19.5. Concont ra t lon
rono, thyroxlnc and
Oth6r detalls a8 ln

crun co rt lcos to-
dothyronlns.

.4. Concsntratlon of e€run glucose
Ilver glycog€n. Other det8ll,a as 1n

.1.

1. Ahlsrsov6,E., Ahl!rs.f .. saaJda,B..
Ivrn61nov6.o., PruIlkov6.E. :Clrcadlan
rhythn of blood glucoco and tlasue
glycogen ln fed and falt.d ratE. Phy-
alol. bohonoslov. 2q 515-523, 1960.

2. ounn,f., Schovlng,L.E.. l.lllst,P. :
Clrcadlen varla t r.on ln stress-evoked
lncreas€ 1n plaaaa co rt lcos to ron€.
Aoor. J. PhyBloI. 2"3, 4O2-4OA. L972.

3. Kant.G.J.. t'lougcy,E.H.. Mtyershoff ,J.
L.: Olurnel varlatlon ln neuroendo-
crlnc raspona€ to Strgsa ln rats:plas-
sa ACTH. b6ta-sndorphln. bsta-LPH 'cortr,coatoron6, prolactln and pltul-
trry cycltc Al.lP rasponssa. Neurocndo-
crinology 43. 383-390. 1986.

4. Torr!ll8s,A., Guazr.C., Borrell,J. ,
so16lI,S. r Adrunal horroneg and brrln
crtachola.lnaa ruaponsga to oo rnlng
and aftsrnoon irmoLlllzatlon strcsE ln
rats. Phy! 1o1, Behav. 26, 129-133,1981

5. Z1[nrrrann,E.. Crr,tchlon,V. : Effoctsof dlurnal vlrr.rtlon ln phsna cortt-
coataronc lovolg on rdrgnoco rt t ca I
roapona! to atresr. proc. Soc. Exo.B1ol. l.led. 125. 658-663. 1967.

tM

Flg
and
Ftg

lncreased l€vals of ACTH, prolactln rnd
b6ts ondorphln 1n ths nornlng than ln
the.vanlng.

Nyctohorcrel arrangrnent of our
gxpsrilsnt vres choaen to rluctdato nh€-
th.r or not ths tllto of start and courar
of loooblllz8tlon !ff6cts th6 netabollc
and horDonal reaponscs. our reaults da-
nonetratcd th! day-t1ne dependencc of
euch lltBoblllzatlon effscts. Al t hough
thc 1noblllzatlon ln both varlaets ov€r-
shaded tha clrcadlan plrlod, thc DaJorlty
of lnvortr,gatod para atars was changld ln
ths svonlng varlant only! tho pronouncod
lncresae of TG ,.n aerun, Ilver and bono
rarrow, elgvated T3 ln geruar and lncr6!s6
ln l1v6r glycogon waa recorded at thL3
tlme of dey only. In lvaluatlng the eve-
n1n9 group it ,rust bc takcn lnto conai-dsratlon, thst changld wera naBaly lndl-
c€a connoctcd closely wlth hlgh lev€I
of food lntako end liconotor ;ctlvlty
,.n the dark part of day. On th6 oth6ih8nd, th! ,,ncrras6 ln seruB cortlcostaro-na. llv€r PL end decr6as8 ln TG contont
The Physiologisr, Vol. 31. No. l, Suppl., 1988
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ORGAN SIZES AND BODY Sr/F IN
CIIROMCALLY ACCELERATED GALLIFORM BIRDS

A. H. Smirh

Department of Animal Physiology
University of California

Davis, Califomia 95616 USA

The influence of chronic acceleration upon
organ size in domestic fowl (Leghorn breed, body
mass 2 kg) was reported previously [2]. Simitar
observations upon other galliform birds
(Coturnix, body mass 0.1 kg) and a meat breed of
domestic fowl (Arbor Acre, body mass 4-5 kg),
are reported herein.

PROCEDTJRE:

Observations were conducted upon mature
male birds. A carcass was prepared, by removal
of the head, skin and shanks. Individual organs
were removed, weighed, and the entire carcass
comminuted. Samples of carcass material were
used to determine fat, water and fat free dry
matter contents. Relative organ sizes were
calculated as gms per kg fat-free carcass mass
(FFCM).

For Coturnix, observations were made on
three groups of controls, one group adapted to 2
G, two groups at 2.25 G and one group ar 2.5 G:
and for Arbor Acre fow[, on one group of
controls and one group adapted to 2 G. Data for
Leghorn fowl were reporred previously [2].

To be consistent with the previous report
[2], relative organ sizes for experimental groups
were standardized by presenting them as ratios
to those from corresponding control groups.
Regressions of standard organ masses on
acceleration field strength (G) indicate arithmetic
kinetics:

Standard Organ = Iltcrcept t LG

RESULTS:

The principal gravitational effect is a

decrease in body fat content (F, gms/kg FFCM)
and a lesser decrease in the fat free carcass mass
(FFCM, kg). The degree of these gravitational
effects (k) increased with increasing body mass

(BM, kg):

Fat k = 0.15 -0.15 BM (r = -0.989, p <0.02)
FFCM k = 0.m36 {.027 BM(r = -0.980, p <0.02)

Since organ and tissue sizes are presented rel-
ative to the FFCM, which decreases with
increasing field strengrh, indicated increases in
organ/tissue sizes do not nccessarily m€an an
absolute size increase.

Changes also were apparent in the sizes of
some visceral organs, and generally these were
related to field strength (G):

Kidney (K)
Cotumir
Leghom

K = 0.97 + 0.03 C (r = 0.150, ns)
K = 0.83 + 0.23 c G = 0.817i p <O.01)

Liver (L)
Cotumix
Leghorn
Arbor Acre

L= 0.01 {.01 G (r = -0.737, ns)
0.92 + 0.13 G (r = 0.650; p <0.05)
0.7?+0.23GG,

.17 4.13 c (r = -0.458, ns)
.40 {.49 G (r = {.919; P <0.001)

.61 4.61 G (r,

C-t Tract (GI):
Cotumix GI = 1.02 -0.02 c (r = 0.518, trs)
Leghorn GI = l.l8 -0.t6 C (r = 0.732; p <0.05)
A.bor Acrc CI = l.l3 -0.13 G G-)

The influence of body mass on the
gravitationally induced changes in visceral organ
size can be appreciated by comparing the
gravitational coefficient (k) as a function of
conEol body mass (Fig. l).

01734S
Control (1G) Body Mass (Kg)

Figure l. Influence of body mass on the gravita-
tionally induced changes in organ size.

Litde gravitational effect is apparcnt for
Coturnix viscera, but similar gravitational effects
occur in the two breeds of fowl. ln the case of
the G-I ract the principal Sravitational effect
appears at small body masses (less than 2 k8).
Only for the liver is there an apparent
proportionality between the gravi tation al
coefficient (k) and body size (BM, kg):

Liver k = 0.006 + 0.05 BM (r = 0.969; p d.04)

q)

q)

U
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0.00
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Carcass Fat (F)
Cotumix
Leghom
Arbor Acrc

F= I
F= I
F= I

Fat Frce Carrass Mass (FFCM):

Cotumir FFCM = 1.00 + 0.01 G (r = 0.121' ns)

L.nno. FFCM= 1.0+0.06 G G='0573; p d04)
Arftr Acrc FFCM = l.l2 -0 12 C (F)

The presumed basis for liver enlargement
increased fat metabotism associated wi
gravitationally-enhanced fat mobitity [3] '

* Kidney
+ Liver
* G. I.
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Dissections were made of leg bone and
muscle (between hock and hip, corresponding to
the drumstick and thigh), and these and the leg
bone:muscle ratio were standardized as functions
of the equivalent control values. Regressions of
standard tissue mass upon acceleration field
strength (G) indicated that arithmetic kinetics
apply:

StaDdard Tissue Mass = Intcrccpt l kO

Leg Muscle (LM):
Cotumix LM = 0.91 + 0.12 c (r = 0,587, os)
Leghom LM = l.l0{.10 C (r = -0.977; p <0.001)
Arbor Acre LM = 1.08 -0.10 C G,

Leg Bone (LB):
Corumix LB = 0.98d.02 c (r = 0.52E, ns)
Leghorn LB=0.93+0.10G(r=0.97?; p<0.m1)
Albor Acre LB = 0.89+0-ll G (r-)

Leg BoDe:Muscle Ratio (B/M):
Cotumix BA, = 1.06 {.08 C (t= -0.616, ns)
Lcghorn B/I,l = 0.?610.26 G (r = 0.961r p <0.001)
Arbor Acrc BM = 0.76+0.24 G (F)

The influence of body mass on the Sravi-
tationally induced changes in musculo-skeletal
tissues can be appreciated by comparing grav-
itational coefficients (k) as functions of control
body mass (Fig. 2).

fowl (T, S3) measurements were made of the dry
masses of the humerus (H, a wing bone, not
posturally loaded) and the femur (F, a leg bone).
A regression of the standardized ratio of these
bone masses (H/F) on the gravitational field
strength (G) indicates that the gravitational
effect is greater for the loaded bone:

II,/F= l.ll -0.12 c (r = -0.986: p <0.02)

The apparent decrease in leg muscle mass
with gravitational loading has been interpreted
as a selective involution of flexor elements.
Direct comparisons between extensor (E, anti-
gravity) and flexor (F) leg muscles indicate a
large gravitationally-induced increase in the E:F
muscle mass ratio [1. In several experimental
series of Leghorn fowl (not previously reported),
the pectoral muscle mass (PM, a non-posturally
loaded wing muscle) was compared with the leg
muscle (LM) mass, and the ratios standardized as
function of control muscle masses;

PM.TLM = 0.96 + 0.05 C (r = 0.954: p <0.m1)

These data indicate that the gravitational
upon muscle mass is greater for the
m usc le.

effec t
loaded

03

!
: 0.2
o
I
E o-l
9
O
? 0.0

t -o.r

6tL.0-2
0

DISCUSSION:

It is apparent that body size modifies the
gravitational effect on organ and tissue size.
However, among the animals reported herein,
the principal body-size influence occurs among
larger animals -- greater than 2 kg body mass.
Little difference was apparent between the two
breeds of fowl, in spite of a two-fold difference
in body size. That both breeds are of the same
species may be a factor.

REFERE]IICES:.l {
Controt (fG) Body Mass (Kg)

Figure 2. Influence of body mass on the
itarionally induced changes in leg bone
muscle sizes and the bone:muscle mass ratio
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grav-
and

These data indicate that the principal
gravitational influence on antigrayity tissues ii a
decrease in Ieg muscle mass, with proportional
increase in bone mass. Changes in a;tigravity
tissues in fowl are comparable for both 6reeds.
As discussed previously [2], the increase in bone
mass is considered to be a local response togravihtional loading. In one group of Leghorn
The Ph),siologis1. Vol. 3t. No. I, Suppl., l98E
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GASTROINTI.]STINAI TIIA},ISIT AND LYSINII AA-
SORPTTON I}: TIE JAP-A.\"1,)S]I OI]AIL AT IM:N-

G}lAYITY

l'yper8ravltat loa: At tb6 19th day po.t-
hatohint the experiEontaL sroup raa expo-
lod for 6 dayr to a lrypergravr.ty of 2 6.Prior to the on6et of hypergravlt),, th6
antural! v6ro adapted for 24 hou.s to ttte
ner snvironE6rlt. tlypertravLty xa! produced
by a lar8s dlanoeter oontrlfute rpiDnlDg at
a rate of 23 rpn. Food and sater ras of-
f6red ad 11bltu6. Ttr6 tl6ht oyclo va! 24
hours per day.

llcation of tho do6€: At ttre day of the
n expel. saa removsd at 7. OO

orm !r. , 5m.:.Lr,{nnov,( ;t. , .run-{r-r u. ,
SAI}O V.

a.rr. and the anlmals of both 6roup! vere
malntaLned t111 9.OO a.m. at ttt6 corre!-
pondiDg gravity. Immedlately ttteroaf ter,
a dosirlt tel ya! applted lnto the crop of
animalr of both troups. Ttro Eel containod
l4O /uhol of lyrlne labelled wtth th kl}q
of pievioully purlfiod L-(U-14c )-lysIne(f\ryvR P raaue, Czocho rlovakia ) as rell ag
4 kltq of l4c-polye thy leno Blycol 4OOO
(Am€rlhaE,Gr6at llritain) In 4 /, oooked
rnalzo starctr, SLr anLoal! y€re uled ln
eactr group.

INSTITTTT ] OF A]iI]'IL PITYSIOLOOY
slovAli ,tcADi:l.fY oF sc r|Nc,rs

9OO 26 IVAI]IiA PRI DI]NAJI
czric osLov_4,tiIA

The transit of polyettrylene alycol Irooo
(PrrG) as an lnert intestlnal Earker ac
vell as the ahsorption of lysinc in thc
Bastrolntestinal tract (of-t) of cockerels
of the Japanese quail at nornral and eleva-
ted gravity was studled. .lpplicatlon of
both llrC-labe11ed Prtc and 14C-labe1led ly-
sine makes a ctremical Beparation of iloto-
pes necessarT whl-ch troyever results in
markedly improved sensitivity and reprodu-
clbility (C,\,.2i;) over doubre ratiel ap-
proaches. lletveen the l9th and the 25th
day post-hatchllr8 the experinrental Eroup
ras expoaed to 2 t, The laotopea were ap-
plied in a starctr 8el lnto the crop.
Dxactly Jo mln later the follovin8 seg-
ment! of the GIT trere analyzedr crop,gto-
mactrs, duodenum, JeJunutu (3 parts), i1euD,
colon + excreta. llhtle at trl,pergravity PDG
is sigrllficantly retained in the upper
part of the GIT, total 1y31ne ablorptlon
ls unaffocted. Analysis of th€ lyslue:PllG
ratlos revoals a shift ln the site of 1y-
sLne abaorption. Fractlonal 8rol,rth rat€s
1n bottr troupa remaln essontlally unchan-
6ed.

INTRODIJCTION
The alol of the study vas to test rhethor

moderate tryper8ravi.ty may caule chantos
in ttre tran.lt and ab.orption of amino
acids ln the 6ast ro intes t inal tract of Js-
parlele qual1!t. In a Sil}t atudy Dolak et al.
(1) dld not observe ctrarr66s in the morpho-
logy of the lmall inteltine of the same
specle. aft€i short-term hyPer6ravity.
Therofore r in the present study ellPhasi.
vas put bottr ou a lon8-tetrB effect and on
functlonal aspecta of the GIT. For ttlo
measurenents of i.ntertlnal amino acid ab-
sorDtion. lyaino va6 cho!€nr as it ropre-
."nis "t 

esrential amino acid xhLch i!
oiton usea ln 1t! free fortr to rupPlemetrt
cereal-baled feedstuffs. To fo11o{ ttle
,ot.r.tt of the ltqul-d phate of the dlBo-
sta, polyothyfene tlycol 4ooo ras used ag

an lu€rt marker.

GIT raa rapldly removed under tlalotha'-
ne anelthosla and dtelded into the fol-
lovlnt !€tmentr: 'l crop, 2 stotuaoh!, 3
duodenum, 4-6 proxlmal to d1stal thlrd of
JeJunuD, 7 lleun, 8 colon plus orcreta.
Immedlately theroafter, the legfiont! ere
flushed thorou8trly t lth ice-cold aall-ne.
Tr ictrlo.oace t lc acid (rc^) vae added to e
final concentration of 5 o; to proclpttate
proteins. TC,t t as rehoved from the supor-
natant by trLple ertraction vlth d16thy1
ether vhlch had boen pteviougly saturated
with unlab€Lled PDc.
Chehical r€paratlo4 of isoto!€!: The pll of
thA@5.5by
m6ans of sodlum acetate. The total radl-o-
actlvlty as6ociated both ulth llrc-1abe116d
lyslne and l4o-1ab6L1ed PitG va! healurod
on a liquid scintillatiou coqnter ( P,\CI{AR.D
TnTc,lru] model 460 C). Iho chonrl.cal separa-
tlon of both j.aotope! xas achioved by the
addltlon of 75O nr8 of a stron8ly acidlc
iorl exchan€er (DotiDx 50 tI r t, II+ forrD,
2OO - 4OO nesh) to 5 ml of thg supornatant.
rtfter mir1nE and short centrifugation, the
radioactivity in thc supernatant is erolu-
aively associated !.ith P]--c, as the activi-
ty connected to lysirrs ls bound to more
thab c)9.7 "1 to the rosin. Iloth the .adio-
activity associatod uith lyslno artd th6
lyslne:PDc ratl.o can bo obtalnod frorn ttle
dlfforonce in th6 total and ttro Pac-asso-
ciated radioact ivLt ie s, respeotively. fn
thL. study, a ratlo of 3.&5 : 1 ia! ured.
The coefflciont of variation of tho uethod
outlined above is about 2 ii.

noEoval of cIT s6
er an ncu a

ebta and € Ie rocea-
n

}IATERIAL AND METIIODS
;;;;l;' crovrne cockerel! of ttre Japan€le

ffift .;;;;t:."i"""r'. J"Pooica) vere
lfro"a.'foa ttre orperidont' Bottr the expo-
iii-.it"i ""a tb€ coBtrol Broup trsre.railed
'"i I"iI.t"""r;r diet oontarnrn€ 25 p

N r 6.25.

I1DSULTS r--ID DISCUSSIO]i
To d6tect chairSe6 Lrr the tranalt and ab-

lorptlotl of amlno ac l-dr under the lnflu€rr-
ce -of typ"r6ravlt:/ r a raptd arrd aonritlve
netbod for th6 ailnultaneou! detormlrtatlon
of the lebell6d alnino acld and the lne't
lntestLnal marker 15 roquired. th v16rt of
the not too draltic dlffeietrces to be et-
r'cated botteon the experimental and th€
lontrof aroup. chemlcal leparation of th6
ir,i'-r"u"ii"a- arnino acid from tho 'l1tc-1a-
i.ir.a *""t". Yas preferDod to an approech

"Irr" 
t "it 

r".- labelled compounds' -T'he for-
i"r iettr"a i5 loss sonlltive to hLBh

;;;.;;i; typical for !anE'1or of di6e'ta'
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Also, probl6m! of ohsrurol spill-ovor ar6
avo l-de d.

Apart fron thi! technloal point' r63ult!
on ttro tartro lnto8t Inal dynamic! under bD/-
portravity rtray critlcally dePend on aninal
handll-rr8, feedlng r681nletr on tho schedul6
of dosLn8 and otr th6 design of ttro erPeri-
n6nt 1t!eIf. Th6refor6r attsntion ralt paid
to an identloal animal handlitlS and to a
strlct adherence to the sctrodule of do-
sln6.It vas tried to keep stresr to ttre
animal! to a mlnimut . Takln8 the cortlco_
sterone levo1 in blood plalma a! a cri-
teri,on of stae3!' lonS-tot1ll centrifu8atlon
itself does not seom to h€ s ltrealor for
Japanese qualLs (2).

Th6 diltrlbution of ttre lEolt narkor
alorr€ tt!6 GIT ls shoYn J"n fig. 1. Ttte bar
indlcates th€ standard 6rror of the rdean.

cluded. In th6 duodenum snd irr ttrs Prori-
lnal a! wol.l as in the modial part of th€
jeJunum th6ro Is a ligrrifioant (P=O.025)
d6creale in tlte lyaineiPDc retl.o of the
expsrinrental 6roup as cotrrpared to ttt€ con-
troI.

1

9

u

;
1

I

o{

+
+

ltlta ,a

2t

rt

t

lltatara
GII

GIT SEGHENTS
FlB.2: IysiDo:PDG rati.o along tho GIT

Theae are lreveral posgibilitles to €xplain
this incroaso ln tho absorption of lycine
under ttre influence of hyprr8.avity:
1. the transport paratno t€rs ( marimal Lrni-
directlonal fluxrhalf ratrrratlon constant )
rel.rlain unctranged, Tho s1ov6r Pasla8e of
tlre ditesta throuEh the upper part of tho
cIT l-nc.eases the protrability of lysine
al'sot?tion ln that part of the GIT.
2. Tlre passage rate is not dlrectly affoc-
ted. Thelo is a chan8s in tl)e trangport
pararireters of the Lrpper part of the GIT
tovardg a h16h6r capacity.
J, combinatioD of 1. ahd 2.
Tho tendoncy of a slovor passage vhich
can he seen fronr fi6. 1r tould bo ln favour
of the first alternative' thorrgh tithout
additional kinetic studies the other al-
torrratives cannot yet l)e ercltrded.
Fronr the lysine:P;G ratio also total 1y-
sine ab.orption yithin 3C ,irlu from the
shole GIT could be calculated, 'liith re-
sp6ct to the cootrol trcup, total lyslne
absottrtlon uae nong i6nlfLcaBt ly lovor in
ttre 6roup expoaed to tryporgravity. Thls
is corrolrorated Uy the findlnE, that tha
fractional Growttr rat€g in bottr gioups
vere quit6 sirnllat' (6.2 i/d in the orp6ri-.
orentai group vorsus 5.7 i;/d in tlre control)

Thu., it may be oonoludedr that hyper-
travlty doe! havs an iDtluenoe on the dy-
naltrl-cs of markgr transit and nutri€nt at,-
aot?tion ln ttrat .enr6, that vhile total
ami.no aci.d abcor?tlon reldains elsentially
unchan8od, tho site of intoltinal absorp-
tion is lhlfted to the upp6r part of the
GIT.
iu.i!'DruiNcDs
1. Lelek,)1., ot a1.(t9C4) cosmic biotogy-

gravitatlonal ptrysiolog?, Slovak Aca-
dery of Sclences. rdltor h,noAa.vol.'l
p. 213 - 22o

2. GaZ,o,:1., 6t a!.. (tCsZ) .rhe ptryltolo-
tiat, this volume

ACII\'OIJLCDGEIIDI'T
Thanks ar6 du6 to llr.J.Jasenovec and :ir,
L.Iloff ruan for excellont technLcal a!!ir-
tanc6.

F16. 1r l)lrtribution of PDG alon8 se8ments
1 - 8 of th6 GIT, !'ull llnes-contro1, bro-
ken 11u6s-group oxpolrod to t5/pergravity.
f'or th6 ltatl-rtlcal evaluation' the F-test
and tho t-tost according to Studont vere
ured. At p=O.O5, th6 amount of Inort rnar-
k6r b61ng pre.eRt l-n the crop of tho aEi-
t,al! erpoaod to h:rp6r6ravity i..itnIfi-
cantly hiBher tttan that found in tho cloP
of the control 6roup. The inverso holds
for the prorl.Dal Jejunum. fn splte of all
effort to atandardlze ttre oxlrerimental
conditlons, the scatter in ttre data ob-
tained from the other'CIT gegmeats is too
lar8e to observe slBnlfLcarlt difforoncos.
llovevor, €veh in theso segmenta there is a
trend to a alov-dourr of the tartrolntolti-
naI transit at trypergrRvity. It shotrld bo
mentioned, that all data y6re eramingd for
th6 ptronomenon of adaptatioa, i.e. it raa
ctlecked, l,hether ttrere are systematic
ctran€es in the gqs tro intest inal tranrit of
aninals stpos€d to 1ong-term tryper8ravl-ty
yith respect to the .chedulo of doling.
No such an 6ff6ot could b6 observed.
Anotttor parameter to be anElyzsd 1! 1yrln6
ablorptlon from tbe GIT. A. out1ln6d in
ttle soctl-on }IATDmAL ,A.ND !0I?IIODS, af ter
che&ical separetlon of isotopo! the dirloE-
!Lonle!! lysIne:PDG .atio oart be calcula-
ted, uhich L! a d1root paramoter of Lysine
alrlot?tion. The dopend€nce of ttre lyrj.na,
PEG ratlo on th6 politiorr of the seth€nt
r,ithtn tb€ cIT is shor.n ln f1g.2, In bothgroupr th6 ratio in the crop is practical-
ly ldentical to that of the dooing 86l.A mark6d lysine abrorptio! occuts i; the
storDachs, II6ro, the poslibllity of a cer_taln erperlm6nta]- artlfact due to a reflurfrom the duodenuEt cannot be coErplotgly or_
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INFLUDNCE OF IITPERGRAVII'ATION, HYPODYNA"I,fY
AND THDIR CO}TBINATION ON JAPANESE QUAIL

GAZO l..,
JUNI,NI

te va! rtoppod and the 25 anLmaJ.! of Bro_up. IIrfV and V v6re imftedlatgly orsantul._uated by docapitatlon and .anuplos of biood,boartrbroalt atld thl8h mu!c16! yer6 takgn.
TI.e ool].ectiorr of theso saElrJ-os larted on_Iy a fev minutelr.In ak6.1ota1 ltlulolor aar-coplasruic and dryofibrillar paotoitr frac_tions vo r.e leparod by tho lDethod of H6l_
Iaader( 6 ); protol-n contchtr vgro dotorrtrl_
n6d by tlr. dethod of Lorry(8);nuc1eLo a_cidrorprosred aa phoaptroru!, rcr6 dotor L-
n6d by tho oothod of Canev(4).plasma oor_tloosteron6 va8 dot6rdl-rrod by tho method
of Dottlns ( 1 ). Ultraltruoturo of loft .ke-lotaL rDuac.I.os va! exaElned by eleottono
Elcroscopy and tho rorults vi11 be repor-
ted by Dr.fo6iEov6,Tho Eorphodetr? of ttreb6art !,urcle alao taa atudted.but vi1l not
bo reportod at thL6 tirue(3).

Analy!l-s of variauce and Drultlple oo&pa_rilon8 amo troattlont rnoahs vorg rnade u-!1n6 tho Duncada test.Ths statistioal dif-fgronces at tho l6vet of p <O.O5 r.6re ln_dlcatod in the fitur6s.
ITESL]LTS

llo sit"riflcant dlfforences in food con_sumption veao found bottroen experllnental
6roup6.IloHover,tho orporilnental birds ttadapproxlnat6ly a 1O.1 lov6r oonsutrrptioh ttranttt6 control!.itody ntass dtd not ctrango inthe orporimontal eroups and tho couirolsincreasod th6ir body ma.! !Iightly.

Plasrua corticolt6rono Iovel(FiA. t ),anLndlcator of
LU:L t,$ri ir!!(orrrrdE /,Drl l_l) atress vas oleva-

BotrA K., Jfu\l\TLA
., BAR.q-\OVSKI r.r.

sTR(ZNrcKtr H.

J \'fnolr P,,
, SABO V.,

INSTITUTI' OT' ,!\I}IAI PITS IOLOCY
Slovak Acade0ry of Sclat1oor
9OO 28 IVA}IXA PIII DTJNAJI

Czectto!.1ovakla

It i! antioipat€d that JapaBeso (luail
(Coturrrlr coturtrir japonica )wlll provido
anifial protelEs ih a closod spac6 ecoays-
ten(2). Con.equantly this spocios of birds
Is of re6oarch intero3t,srulth et al.(1O,
11 )trava reportod ttte effoct of chronic
acc€l.oration otr body corupoaition of domes-
tl-c foYls and Japs,noae Quail.

In our ol'rn provious xork(5)ttre eff6ot of
trypeitr.av itat ion, nochanlcal load and rost-
laLned movement oh conlrogltion of somo rnu-
scler in Japanese (iuall vas roported.Fronr
ttr6 rosults it tdaa coDliderod usoful to
verlfy and coElrloto ou! Istovlod8o vlttr Eo-
16 ertendod oxlrgrlmoat us l-n6 the contrlfu-
te ooB6truoted at our instltut6(9).

Tt!6 obJoctlvo of our erperlment ra! stu-
dy tlr6 3ffect of chronic accoloration at
2 Grhypodynarry and sl-multan6oua effoct of
clrronlc acceleratlon arrd hypodyna[ry on ttte
composltlon of tho maln nusc16! system! -thlAh and broast musclos.l,le al8o erauined
plasnla coatr-costoron6 aa a stresa tnarkor,
ultrastructure of tho lkoletal musclos Brad
Eorphom6try of tho heart lDlrscle in vtlich
an offoot of a different J.oad ras antloi-
patod.
}IATEILIAIS AID }IDTIIODS

In our orporimont 45 Japaneso (ruail coo-
kerelsrats of 48 days,wero Lrs6d.Ttre anl-
ma15 vore f6d "ad 11bl-tuE" a oommercial
maltr prior to and duritr8 the orporimont.
They vere dlvided in 5 groups.In group I,
tgn anlEalg vore kopt urrder normal condi-
tionlras oontrol.Group II lras plao6d in a
cato of 50 by 5oom on th. ari! of ttlo con-
trLfu8e,consIltlna of 5 animalsrdu6 to tho
lirditod space avai1ab16 lnto it,The other
Broups cotrtal!1ed 1O anlmal! oaot!. Group III
xa! rubJeoted to hypodynaEy r tho blrdr bo-
i.n8 lulpendcd 1n Jaokots vlthout contact
slah fI;or a6 dea;ribod by Jureut(7).Group
fV yas oxpoaed to a chlonio accg1eration
fl,61d of 2 G on the cgntri'futo. Ttlo anilna]-s
of 6roup V vore llmultanooualy grpoted to
2 G ltyporgrav Ltat ioE at voI1 as to liypody-
nanry.Ths condLtloE of tho 6rlrorlmont Yero
tho follorlrt8!: radlus of c6ntrl'fute - J2O
cm: rotation 24 r. p. m.

ihe animalc v6r6 rotatod contitlourly for
144 hours vl,ttt on]-y ono interruptlon ]-ast-
llta for half an hotrr orr th6 4th day in or-
aei to ritt tho drinklng sater roservolr'
After 144 hourr of treatnent t ttro contrifu-

yo, I Il III I,J U

Broup II, rotated cont
tod on th. ari.s of ro
fute.Thls hlgh vatuo
r0t!6 Ls dlffloult to
8ravitat ton( aroup fV)
atieaa affect.

to

l8

II

t6d in ttto kypody-
namlc animals
(AroupIII )alld in
th6 atl1ma].! rrhiotr
r6ae erposad to
llrrultaneoug of-
foot of hyporyDa'E],
aud tryper8ravlta-
tion (6roup v ) .llo-
r6vor a Eigrrlfioant
increalo of the
plaama cortiooatc-
roDo value! raa
allo obsgrved LD

1016rrhioh rere loca-
tatlon of ths c6ntr1-
of plaama oort i-co!to-
erplalt1, riDoo hype.-
had tro apparont

15

10

5

l!!l SS cr(allrali r

rn .9 P{,S fllrsiP
Fiq 3 U$ cflEfttrali r

in .g P{H.rtrissr
18

5

Itrscl.. mff6T trl
(Edrs) I

lH0t
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The ribonucl6l,o aoid(RliA)oontorrt ln tho
mulclor( Fia.2 )t as not lit"rl"flcantly in-

fluorrced by tlro varlous troatneuts.In bro-
a6t E|uscle! t1.er6 xors no ll8trtficant dif_
ferences ln tho deloxy rlbonucleic acld
( oxe.) conoentrat ioo ( Fta. 3 ).In ttriSh muroles



3ll.Aht llA'nLflcant difforoncos xor6 oba6r-
ved auong the Broups,Ttle va]-ue! i!] rotatod
controlo(group II)vere thG' Ioxost and ttto
valuo. l-n hypodj'llarnio blrds(troup III )rere
th6 hlghert. Dslentlally tlr6 BaI!€ DN^ valu-
es rdarlg obsorvod in tho two tryper8ravlta-
tioual groups(Iv and v).

EiglL Sr(alsrc proleirE [!!.L Srcopiesic roreiG
in rg troleii Illissr in .9 protein.R_lP{$

ti.tioal rL8alficanog of tho differenoor
and cllAn66d ttro tondeEsy lr1 ttto thLth
dusol6r.The bypodynady deoreasod tho nyo-
fibrlllar prot6l.n ooDtent but only vithout
trypergtav itat ion( group ITr ). noth offoot!
(6ror.rp V)lncrealrod th6 contont of tttir
fraction.
DISCUSSIOI] AI;D CO}iCIIJSIO}]

Sir daya orposura of Japaneao cluaLl ooo-
kersl. to trypodynanry wlth and rithout try-
per8ravitation appearod to b6 ltr€s3fuJ--I
aa indicatod by the cohcontration of pla!-
lla cortlooltorono 1ov61(7 ). ChronLc aooole-
ratlon at 2 c had no offeot or1 tht. ptty-
.iolotlcal peram6tor. The appar6nt str6s!
ln rotatod control.(group II),placod at
ttt6 axlr of rotatlon of the csntaifu8ervaa
unant ic lpated. S inco the tlulhbor of animals
ln thLa troup t{a! lrmallronly flvo animalr,
the resultg oult bo apprai-lod yLth cau-
tlon.In thi! 6r'oul) vore found tho hlahort
plartla cortlcoatorona 16voIa, indl-oatLnB a
6tron6.tres6,and tho hlghort corttont of
ttro sarcotrpalmic fraction In both !,uaol6!.

Th6 trypodynary rhoxod a tond6ncy to Ln-
croare ths DNA content tn thlah ltrugclc!
but had no effoct on th€ oontent of dyo-
fibrlllar proteln6 ln brealt ousclo..In
brealt murclor lryofibrlllar protolna vors
influenced no8ativ6l:/ by hypergrav ltat ion.
No convinclnt dlfforgtroer in any of ttr6
studl-ed paramgterr could be found b6tr6en
tlre breart and thigh nusclo !, althouth ttr6
sarcoplalmic and nryoftbrillar protgln coll-
tsnt calculatgd as futrction of DliA vore
diff6rentially lafluonood in the thtth and
breast muscles.Tho findlnts of Dr.KodlsovA
in tho Lrltrastructure of the lilusclos could
not be corrolatod }{ith ou. findingr on tho
levol of protein corll)os I t ion. Thls orp6rl-
uent shlch lraa onablod lry our ngr centrl-
fuge,l! conlidored to b6 thg startlbg
polnt of futhor studlos on probleElr of
chrorrlc accel6ratioE! and hypodyrtaEy ln
Japanese ()uail.
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Tho coBc6ntration of ttra sarcoplarmic
prot6ins(Fig.4)in breast muscle vaa incre-
asod in th6 c€ntrl-fuBed anioals(group II,
n' and V).Th6 hlahost valuos for aar.o-
plasmlc protol-ns were obtaingd in tt!6 ani-
mals placod at tho aris of rotation aad
thsse sl8nlficantly dlfferont from con-
trols(group I)or th6 trypod)'narrlc animals
(group III).Tho sarcoplasmic fraction in
ttre thl-th musc16r uas lnflLr€nc6d in appro-
xlmatoly the sarne marrner. The trypergravita-
tion anlxra1s strorod a t6ndency for lrrcrea-
lod Barcoplaarllc protelll! va].uo8 in both
Euaclor.

Dxpresrlon of ttro rarooplalrol.c protol"D
contgnt ln brgast mulcloa as ng pqr tnB P-
DNA(FtA.5)chaD8od the!e relat i.;ulhips. On
thl.a basl.s }typer8ravi tat loDal an1mal(group
fV and V)did not diff€r fron those of the
control(6roup f).llovever lrr thlgh muacleg
the hyp6rtravltat l-onal groups(IV and V)be-
came enhaaced. Ttle hypodynamic artimals
(aroup III)had tb6 same valuos as tl1o con-
tro1a.Th6 hl-ghegt valuog rd6r6 obsorv6d in
rotatod control (6roup II).

fjlli: ryolrrill, proreilE [!!L fiyo{ihilit Proleir6
rn .! prolein.g_llisrP ii rg P{oleii.tflP'O$

It/s.l.s, BnEST E
U U (gops)

(to+s)

I. II, III
lxlol 

=

ZT

:ra

II. II
Itls ies. tr!6t D filgl 

=Ttro contorrt of tho nyoflbrillar fraotion(Fig.6)in ttr6 brea!t nu!cl6. ras ri6nLfl--cantly 1ov6r in tll. anilrlals oxDored tocentrifutat 1or! ( troups n' and l.)and ttre ro-tated controls(group fI).Tho valu6s in th6br6ast -mu.cfo. of tho lrypodynamlo ( 6roupIII)did not diff€r frollt tho.e of ifie con_tt.ol Broup.In tb thlgh muscle! tbere verono sl8rri.fl.cant dlffer6noos amorrB thc va_riou! groups, althouth the rotatod contrcls(6roup -L-L r.hoved a tendgnay to deor6aledrryoflbrtllar fractLons of Lr.eact ,".4i;;.
?tte 

_ 
ple.ontation of ths nryoflbrillaiprotollr cobtont as a functlon Of DNA OOn_tent ( fta.7 )aeneralty diminl.hed th6 rta_
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tion ta. clarslfiod t/y 10 $1nute6' test
imrnediatoly after complotl-rB the hypodJna-
rrry. Iu the.e teltr four porribl€ varia-
tlons of postur6a (lyint,.sittin6, Aettint
up on atrahl(s and standing) uere ovaluatod.
Th6 results t ere procorsod by nathenEtlcal
aud statlstical methods.
IU'SI]LTS fu'.I;) DISCUSS IO}:

In tho 8th filial geneiatLon tho offect
of 66lectiort ras rnanlfostod lr! oritgrlon
of selection, lt rr6an! in inorealo of to-
tar e8g-laying (rig.t). Tn comparilon uittr
ttr6 control line the perlod of l-nltlsrl
ogg-1aying doclino vas shortened Ln s61ec-
ted lino. Iihilo contror. 11ne vas t hlthout
6BBs on tho 4th day of hypodynaruy, so16c-
ted Llno reached on thls day about 50 ;'
of initial egt-laying. ]liEher rat6 of 698-
layiug .aise in solected lino contribBt€r
to ttre lncreaae of total og6-1ayirr6, too.

SDLECTION OF JAPA.\I'S]' QUAIL LIND
RISTSTA}IT TQ }ITPODI']\IAI.fY

JUn&\'I Ii.. notr^ ri.. riosl,(L f-.
soltocYlol'.[ E.. LA-uoSo\iA D.. l-fDori p..

llrrrnl's ir. , itlrn:c,urr:iR .r. r

Ivanka

Ivanka

TNTROTTJCTION
The idea to incorporato Japanese quai.L

ar one of the alim€ntary fink! in closed
spaoe-ship eoosystorn has resulted from
Lts performance proportles on6 of rhlch
Ls a1.o tho production of hi6h-quality
protoin In eg6 form at effective foddor
convercion. Gravitatlon l-s absenting ln
condltlons of space fli6hts, TakinS lnto
accourlt ttte fact that yeightlessness is
relatively sbnormal sltuation Ln compati-
son rdl.th 1-G tear€ltrial srxvlronment v6
can co!1!lder biolotically nLcroBrav i-tat ion
ln cosElc lpaco a! rtr6ss-forfiin8 !itua-
tlon o! porturbatlon of not'Irral stato. It
1r difficult to lLmulato oicrograv 1t6.t lol1
trult*orttry in terrestrlal condl-tions. In
this caso srperlrlontal modols of vel6ht-
loslnosa on6 of vhLch Is a1!o trypodynanry
ar€ helpful. In our prgviorra orporfunontB
vLth hypodynanry (t ,3 ) ve travo provod that
Japaneso quail has Bood adaptlve abj-Iitior
and it i6 ablo to adJust to this unphysio-
1o61cal .tate and that it is pos6l"b16 to
strongthon these properti6s by gonetj-cally
suttably app116d !eloctl-ve precsure (Z).
lr^TrirlT..tL ,\l:D )irlTItoDS

Par6ntal population of Japaneso quail
vas formod by hybrids of randoEbrod and
inbred lin6s of quails. Th9 first part of
population - ttro control lino - t as 19ft
at randonrbr€d breedln€ In every further
fill,al 66nor6tlon. Ttro 86cond part of
qualla - sel6ctod llne - lrar exposod to
the tlro veoks' trypodynarry in ttr ato of 6
[eoks in 6very fiIla1 generation. quails
wero tLghtLy lrarttossed in Jackets and !lus-
pendgd in Ladlvldual cate! vithout arly po-
EribLllty to oontact the bottoru of tho ca-
80. Food and t ator vsro provided ad libi-
tum. AnLnBlc yere hold undqr 1618 houra
Iltht: dark cyc1e. cutEulatlvo 666-laylnt;
durlng lrypodynaEy va! tho crltorion of
furthgr !o16otiotr. 50 { of quail! t lth tho
hlgholt €t6 productlon fronl 80 quaIls !.ere
aelocted in ev6ry g6neration. Quai16 t.or6
datod vith mtl-e! fror! the ramo flllal 8s-
neratlon of lelocted 1l-ne t ttat for1rled tho
basis of the aubeequent genoratlon. sth
fillal S6noratioa. xere formed ln luch a
vay up io nov. Intonslty of Sroxttr beforo
and d;rin€ hypodynanry vas tlro further
ot.""v.d Inaicat"". Ptrytical condltion of
quall! in 2nd' 5th and 6th filiaL tenora-

Ofrr(.31012'lll
day of hypoErnaury

Iiits. 1 ltig-layin€ dynamics durinB hypody-
nady in ferrales of the l'th ftllal
E6neratloni---control 1lner-s61""-
ted lirle

Comparj.son of diver8ent s tralttrt-llnes
characterizing oontrol and solooted quall!
liDos durlrr8 6 fj-lla.l 6enerations (Fig.2)
stlovs that culnulatlv6 e6g-1ayln€ romain!
in ran€o from 20 to 25 i while markod
pro6r6lrs in 688-laying is viaible Ln se-
Iected line. lt r€achad ,2 '. in the laat
filial getlorat ion.
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filial tenorat ion
Lig.2 :;ean e8g-laying du.int hypodynarry in

cours€ of selection Processi o con-
trol llne' . r6lectod lin6

i)ospite ttro fact that 61oba1 relectlon
cauled an incraaae in Lnt6nrlty of ogt-
layln8 during trypodynafiy r tlE.e dld not
occut markod 86l6otion rosponao in all
gonorationa. Ttrl! ls 6llrre!66d a! valuo
of r6a1l,.od herltabllity for .ingIo fLlla1
B6n6ratlons (tat.t ). va].u6 of oooffici6nt
polBt! out to Elarkod selootion responle
1n 2nd. 5th and 7th Sonerations. It vac
not rooorded tn 3rd' 6th atd 8tb 6onera-
tlorr!. The rosultr of arxely.l! of ter1etio
and ov6ra11 varl-abillty coatrl'butlon ln

"ig-r"vrnt 
durlrtg trypodyuam:/ are 64'r6t36d

t-q
o

2

S-I4O



Table 1 nesponsss to solection

Generatlon liealised heritabL].ity
(ni.)

r60

io
3'ti67

pody

3 ., 10
age (veek)

+

F2

Rlr
F5
r6

F3

o,!t 3t
<o

o 
' 

31r3

o,142
<o

o 
' 
3lto

<o

T
.ut 30
ot
e
o, too

!,
+

h;=!election re sponse/se lec t ion differon-'' cial
by coefficient of herj.tahillty in tablo 2.
Ttle estlnratiou of hsrltabillty for control
lins is Orf54, for selected lino O'O91. It
refers to tllo fact that we gainod popula-
tLon gonoticaly homo6enous from tho point
of vloly of rsrLstanco to hypodynanry.

TabLe 2 lloritabllLty (h2 ) or tot.r "96-laylng durint hypodynarEy and body
elSht eltlnrated from mothor-dau_

ghter rolatioulhiP th ths 8th
fillal ggnoratlon

Grorrth in Japauose quail selectsd
to resiatance to hypodynanry in the
ith ftlial Bederationi ---control
1ine,-."1""aed 1in6; + l'< C,05

nrale s f ernal os

o

I z3 t, I z3r, \ 1z)tt

Fia- 3

Lino
eB8 laying
during
h.t,Dodynaltry

body xe16ht
afte. Ln adult
hatohinA femalea

'l o0

C ontrol
S olec t lon

o,'126
o,57 5

o ,327
o, 6{i4

1',e observod also othor ptrysioloEical
oharactors in ootmeotion rrl-th chanees 1n
trotrth curvo! (ffg.:). Th6 Erorrth of selec-
ted line fomalo! ln the lth fi]-lal tonera-
tlon is oharacterized by h18h6r intonsity
and lrlr lot{er decroa!6 of body w6i6ht
during trypodynalty in comparison rrittr con-
trol lino. The grotth of the solected lino
males does not differ glsrrLflcantly from
oodtrol lin6.

Ilocauae hontionod courao of curv6a ia
typLcal allo for proceedin€ goneratLon!
startint from ttro 2nd filial goneratlon,
ve ver6 interelted in porslbility to con-
sld6r chantad grorttr of quails as corro-
lated rqsponso to s6l6ctlol1. Fror tho oolit-
parison of tho coofficlont of heritabllity
va1ue8 of th6 body t.6j.Bht on day of hat-
chl-ng and ln th6 5th teek of aae (Tab.z )
rosultr ttrat contributl-on of Betlotic va-
rlablltty of trot.th is incroasinE as
cona6quoace of s€l6ctlor!. Tt rroaDs ttrat
otran6e6 in Brot th ar6 not correlatod res-
ponse to the selection criterlon.

Irn odlatoly after llr days trlrpodynaffy $e
classLfiod th6 ptry61cal condition of
quallt because se t,sr6 intorestgd vtrothor
the 6el6ction affoct. th6 behavlour, too.
:lesults from tho 5tlr fiIiaI generation
(FiA.4) indicato that th6 ratio of indl-
vldual! reachLn8 posturo 6tandin6, it
nroahs better physicat oonditLon, vas hlg-
h€r in both 36r€s of th6 selected line in
comparilon vith control 1in6. fn cas6 of
males it ras 1OO 7' of individuals. fn tbeilth filial 6on6ratl-on ir6 hav6 not foLlndso inll]resBive differencBs, probably itvas conoeatrod laith absence of sslection
rosponse in this terrorat lon,
The PhysioloSisr, vol. 3t, No. I. Suppl., 1988

l)ercsntual roprosentation of quails
in the ltil fj.lia1 Seneration reached
ir:lrediato1y aftor hypodynarrry pos t Ll-
rc : 1 -Iying, I-3ittin3, J-Bettin8 uP
on tho shankr 

' 
4 -standlia,@-contro I

llne, E -3o1octed line
CONCLUSIO}:

Sunmarlzlng tl.o restrltr of s6lection tre
can rtate that the seloctlon has stL1l po-
ritivo offect on tlro paraulstcr! of et6-
layl and lt improves somo ottror Physio-
logical and b6l1avioral parar:totors as xolI.
:i:J'-il:.,':c las
1. Jur.irrl l-.. \'r'l,oh l'.. l,an'o!ov:i .:.. l.a-

roEl<ov.'' 71, sorro6yiov,i -.., ,'oila i:.,
CaZo::. The nhysio losist
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Leonard F. Cipriano and Rodney W. Ballard

General Electric Company and NASA Ames
Research Center.

Moffett Field, California 94035 U.S.A.

In 1981, the National Aeronautics and Space
Administration and the Centre National d'Etudes
Spatiales initiated discussions about undertaking
life science space-related projects of muiual in-
ter€st. In 1985, the agencies signed a joint
agreement formalizing their cooperation to de-
velop a facility capable of supporting two rhesus
monkeys (Macacca mulata) d\rin9 spaceflight.
These two male monkeys, each weighing 8-10
kg, will be restrained during the planned 7-10
day missions on board the space shuttle.

France will provide the cages, animat restraint
system, and subsystems that include the feeder
system, drinking yalves, urine collection, fecal
collection and electronic controls. The United
States will provide rhe Research Animal Holding
Facility, environmental control system, water
tanks and water delivery manifold, overall sys-
tem electronics and the monkeys.

Seven science discipline teams have been
formed; each team is comprised of investigators
from the United States and France. These seven
science teams will test hypotheses on bone and
calcium metabolism, behavior and performance
measurements, cardiovascular dyn amics, body
fluids, electrolyte changes, muscle metabolism,
neurovestibular responses, biorhythyms and
sleep.

In the bone experiment, the science team will
investigate the effects of microgravity on bone
formation and resorption, examining the phe-
nomenon at the cell and tissue levels. The pri-
mary question will address the underlying
mechanisms of calcium loss that is associated
with spaceflight. Is it due to a sustained loss
through the urine or feces or is there a reduced
calcium uptake through the intestine? The in-
vestigators will examine the calcium balance by
using labelled calcium in the diet and measuring
its distribution in the bony tissues as well as the
urine and fecal samples that are collected. One

of their objectives will be to determine the qual-

ity of bone formed during flight by quantifying

the spongy and dense bone. The relationship

between muscle atrophy and bone density will

s-142

be examined by computer tomography preflight
and postflight. Bone biopsy samples will help
the investigators determine the distribution of
osteoclasts and osteoblasts. Major hormones
such as calcitonin, osteocalcin and parathyroid
hormones will be measured in the preflight and
postflight blood samples.

What began as an idea for the environmental en-
richment of the animals during flight has turned
into a major experimental focus that involYes
several areas, including behavior neuro-
vestibular, slcep, biorhythyms, muscle and bone
disciplines. In planning the missions, we began
to recognize that by training the animals to r€-
spond to behavioral tasks and measuring a vari-
ety of paramelers, the entire team would benefit
from the behavioral training. For instance, they
witt be able to determine eye/hand coordination,
the response time to target tracking, visual dis-
crimination, muscle forces used by the animal,
and so forth.

The immediate objectives of the behavioral sci-
ence te3m will compare the behavioral responses
inflight to those obtained during the preflight
and postflight measurement periods. Use of the
behavioral performance system will provide a

continuous assessment of the animals'
wakefulness and alertness during spaceflight.
More importantly, the device will offer a counter

Y{6t e r
di spenser

fl ot psnel
displEU

jog
sti ck

food r

dispenser 
I

force tronsducer

'Major elements in the large Primate cage

measure to the restraint and isolation endured

during the ftight. We plan to Provide the

monkiys a video display that Presents moving
targets. The monkey will use a lever (e'g ,

video

computer
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joystick) to electronically direct the
cursor to the target. Proper interception
target will provide access to nonnutritive
rewards and/or sips of fruit juice.

anatomical changes. By taking postflight muscle
biopsies under local anaesthesia, they will per-
form analyses for myosin ATPase and other en-
zymes, as well as provide a characterization
ofthe muscle fiber types. Muscles of choice will
include the soleus, gastrocnemius, tibialis ante-
rior, biceps and medial triceps. The use of EMG
electrodes and tendon force transducers will en-
able the muscle team to compare inflight muscle
activity and strength with preflight and
poslflight measurements.

The neurovestibular team is keenly interested in
examining the effects of microgravity on the
eye, hand and head movement interactions that
influence the vestibular apparatus. Using
Helmholtz magnetic coils attached to both the
eyes and the head, they will be able to follow
eye movements during controlled pitch and roll
movements of the head. Monitoring any per-
formance decrements in target tracking, as well
as signs of anorexia or emesis, will provide clues
about the onset and recovery of space motion
sickness.

The sleep/biorhythym ream plans ro examine a
variety of biorhythyms that include the animal's
temperature cycle, food and water consumption,
sleep and wake cycles and the variations caused
by neuroendocrine responses. They plan to
obtain data from skin and core temperature
sensors and movement information from EOG
and EMG signals. The team anticipates using
provocative tests of the diurnal cycles by ad-
justing the light intensity during flight.

scree n
of the

food

Preliminary results from the new training tech-
niques have exceeded our expectations. Instead
of taking months, the monkeys have proven to
be rapid learners and the target tracking famil-
iarization was reduced to a span of weeks. With
the targets speed proportionally controlled by
the joyslick deflection dislance, the monkeys are
entirely capable of following the target and
moving with it for a minimum of ten seconds. It
may be possible to incorporate a force trans-
ducer into the lever handle permitting the per-
formance comparisons of fine motor movements
by the hand with the gross motor movements of
the lower limb on a similar force transducer-

The cardiovascular group will address the effects
of spaceflight on cardiac output, dimensions,
rhythms, pressures and rates. The team is also
interested in cardiovascular reflexes and adren-
ergic control of the heart tissue before and after
spaceflight. They will examine the telemetered
ECG, and follow arterial and venous pressure
changes by using fluid filled catheters. If possi-
ble, we will implant doppler flow transducers in
the descending aorta, the primary site, and use
the renal, iliac, mesenteric and carotid arteries as

secondary sites. The cardiovascular team is also
considering preflight and postflight provocative
tests such as challenges by sypathomimetic
drugs or nonadrenergic agents like angiotensin,
vasopressin and nitroglycerin.

Another group is planning a study of the fluid
balance and electrolytes. Their study will in-
clude the nervous and humoral responses that
result from fluid balance shifts during space-
flight. Inflight, we plan to collect rhe urine in
four hour aliquots and preserve representative
samples by freezing. After flight, blood plasma
and urine will be analyzed for aldosterone, vaso-
pressin, electrolytes (Na+, K+,, Ca++,) and atrial
natriuretic factor. Other hormones under
consideration are catecholamines and
prostoglandin. The team is also considering a
provocative salt challenge by substituting a salt-
laden pellet for a food pellet.

Completion of the large dara set will be obtained
from different animals on multiple flights. We
anticipate that it will take two to three flights on
the space shuttle to address all of the scientific
questions indicated. In addition, we plan to ap-
ply the hardware technologies developed for this
large primate facility to rhose needed for pri-
mate experimentation on the space station. The
us_e_ of rhesus monkeys, as human surrogates,
will significantly aid our understanding oi the
microgravity effects on humans.

The spaceflight evidence suggests that micro_
gravity exposure causes atrophy of the leg exten
sor muscles as well as orher antigravity ;uscles.
Our muscle team will address ihe qr"rtion oiatrophy. The ream's scientific oUlectiues witiinclude the assessment of biochemical ani
The Ph)siotogisr, Vot. .]l, No. t, Suppl., t988
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e. Gravitational Effects on Lymphocytes

G. Loren2ir B. Bechler, l'1.
A. Coqol i a. I . I . Cu I tures, l,,le use two type5 of cul -

tures: ( r ) Purified lmyphocytes are ob-
tainecl from human perrpherel blood by gra-
drent centr\fugation on Ficol I end resug-
pende., in cLrltlrre medium. The cultures
contarn approximately 81)% lymphocyte9.
other Ieucocytes and var iable ahounts of
RBC dependinq on the donor. {ii) Periph-
eral blood is diluted 1:10 r^Jith culture
mediuflr (v,hole-blood cul tures) .

GRAVITATIONAL EFFECTS ON I'IAIIhALIAN CELLS In thls sectionr we cliscLrSE on)y those as-
pects of the exper iir,ental approach which
;r€. important to understarld the nEaninq
of our reslrlts. A detailed clescription of
the methods is qiver.1 elserrhere (e,3).

?.1.?. l'leesureilent of Activetfo!. lnle use
three drffer ent methods clepending on tfre
experimpntal conditron=- and on the amount
of mate.ial awai lable. In mogt ca.,es ecti-
vation is mea5ured by incorporation of
tritiated thymidine into DNA. Thrs method
i5 widely ueed by other aLrtr,orE iii the
study of lymphocyte actrvetion by mitoqens
(4). Llhen we compar-e the data obtained by
')H-thymidrne incorporatlon with those from
countE of metaphaEe preparationg of mi-
totic cell5 incubatpd with colcemicJ (5) a
fsir correlation iB ob5e.ved (see alEo
Fiq.3). The thrrd method consiEts of
countirrq the rells labeled !.rith rH-thymi-
dine by autoradtography.

e.1 Methodo loqy

a.a Activatlon Path{ayE

Cogo I i end

L.rbor ator irr|tl fur Bioche,nie, ETH-zentru,n,
CH-AO9a Z;r ich ' St.itzerland

Abstr ac t

In this paper b,e present flrgt the re-
5uIts of our mogt recent investiqations on
grEvitational effects on the activation of
human lymphoc ytes: 8y ihounoenzymatic
Etaininq anc, by rrsihg concana'/alin A
(Con A) coated to red blood cells (RBC)
we demonstrate that the tncrea5e of
actir'ation measured at lOxg i5 r,ue to a
simultaneoLrs activation of T- and B-
lymphocytes whereas at 1x9 only T-cel Is
aae Etrmulated. ConverEely, activation of
T_cel ls by chemical modification of the
.neob.ane Nith Eoa,iu,n periodate iB
depressed at loxq.
Seconclly. exper iinents p€!rformed in the
rentrifuge as weII as in the clinostat
r^rrth F.i.end, k-56e, and hybridooa cells
5how that each cell line develops its ovln
adaptat ion reaction to qravitational

tje desc r ibp her e three d i fferent vraye by
which T- and B-lymphocytes are polyclon-
al Iy activated, i.le use these approaches in
order to gain a deeper under'standing of
gravitational effects on Iymphocyte acti-
vation in hyper- arrd low-9.

l. Introduction

Srnce ten years we are rnvegtrgating the
bphavior of sinqle cells cultured under
altered 9-condrtions (q stendE for gravity
throughout the text). Our studies aomprise
i,1ve..trgetio.s unc,er true micro-g in
space! simulated Iow-q in the cl inostat,
and hyper-g in tf.e centrifuge.
The first and most extensively system
investiqeted bras the activaticn of Iympho-
cytes in-vitro by oitogenE. Later e,e ex-
tended our studies to other cell lines in
oroer to qain a complete picture of the
adaptation of lr,ammaI iar, ceI ls to altered
g-conditions.
The fiost strikine discovery wa5 that acti-
vation of human Iymphocytes i5 almost to-
tally depres5ed at 2ero-g (l!a) whereas it
is enhancect et loxg (3).
The purpose of thrs paper t5' first' to
present solne nerJ finc,ingS which contribute
to unElerstand the effect of hyper-g olr
lymphocyte activation' secondly' to clar-
ify certaln aspects of olrr methods' and
thirdly, to Ehow that the reaction of the
cell to a chanqe of the g-envrronment does
not f ol lot^ qeneral ruIes, but rather de-
pends on the type of cells rnvestiqated'

?.e.1 Con(anavalin A. I'litoqens are knoN,l
to aEtivate polyclorral ly T- and/or B-Iym-
phoEytes (4). Con e is a typical T-ceIl
mitoqen. It is a proteln ( lvltJ lOO'OOO) e,{-
tracted f.om the jack bean (canaval la e!l-
slformrs) consiEtinq of four subLrnitE cer-
ryinq edch one lrindinq srte specific for
q-glLrcoEides. l,Jhen Con A is added to cuI-
tures of Iymphocytes rt binds to meobrane
glycoprotein5 cdusi.ng intra- arld rntercel-
lular cross-l inkinq (Fiq. 1A). Activation
of T-Iymphocytes foI lovrE. Although Con A
interacts alEo {ith B-lymphocytes. they
arp not activated. HoNever, when Con A is
covalently bound to a subBtratum, only the
stimulation of B-Iymphocytes is triqqei ed
16). It haE been slrgqested that substra_
tum-coated Con A i5 "presented" to E-lym-
phocytes in a different and more favorable
configLrration than free Con A c,issolved ln
the culture medium (Fiq. lB). It is imPor-
tant to point out thiE diffe.ence in order
to urrElerstand hyper-g effects on lvmpho-
cyteE ( Eee below).

e.2.e. Per-iodrt{r. Novoqrod-.ky et al. {7)
discovered that fllld oxiElation of the
sugar moiety of membrane proteins by peri-
od;te sDectfically activateE T-lyhpho_
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A)

c)

ACfIVAITON O' LYI.iPHOCYI'S BY CON A

ACf!VAlION OF LYMPXOCYTES BY PERIODAIE

olt oH

8-CX-R
. Iol -.i

IRYTHRocYTE coarEo CoN A

CPflx l0-

Cor A

+* Y4FN-f+ B)

cH0 H

ts2

EfC-l PATIIWAYS OF ACTIVATION OF LYMPHOCYTES IN VITRO

T-lynphocytes are activated by Con A dissolved in the nediun,
B-lyrphocytes are activated by Con A bound to a substrate,
T-l!,mphocytes are activated after oxidation of sugar residues
eith sodiuil periodate (3O nin at 0 'C).

B:
c:

300

400

200

r00

Lynphocytes uere incubated at lxg (void bars) and at
10xg (shaded bars) respectively in the presence of
dissolved Con A (Con A), dissolved Con A + autologor]s
erythrocytes (con A + EC), and red blood cells_coated
Con A (EC-Con A). Activation is given as cpin of tritiated
thynidine incorporated into DNA.

EC-Coti A

B. CEilTRTFUGE ( 1oxc )

r00 204

100

thl04 CoN A Nrl04 Co A

IISJ HYPER- AND HYPO-g EFFEC?S ON THE ACTIVATION OE PURIFIED LYI.IPI,OCYTES BY PERIODATE

Cultures of pulified lymphocytes were activated either by treatment irith periodate (NaIO,)
or by exposure to Con A (Con A) and cultuleal in the clinostat (panet A) or in the
centrifuge (panel B) respectively. void bars correspond to the contloI at 1xg, shaded bats
to the experinentl Activatj.on is measured either by incorporation of tritiat€d thymidine
into DNA (cl'nxlo -) or by counting the percent of ftitotic celIs in,netaphase preparations
( nunbers above bars ).

Colr A

+EC

n

9,9
CP x 10-

l .4 0.2

0.1

CPllx 10-3

8.ar.8
5.5

0.4
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EISa? HYPER-g EFFECT OF RBC-Con A ON CULTURES OF

PUR IFIED LYMPHOCYTES

A. CLrNosr^T (0.02xG)
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?.3. Re5,ult5

cytes. Perrodate splits vlcrnal alcohols
generating aldehycle group6 (Fig. tC). The
last react ,.Jith free amino groups, of Iy-
sine and N-terminalE. and via formation
of Shiff's bases, inter- and rntracellular
crose-l int'ing of membrane proteinE rs
achreved. In .rnalogy to what occLtrs l!lth
Con A! cross-linking is followed by lym-
phocyte activation. The esgential ctiffer-
ence betwpen perrodate and Con A is that
Con A ltas to be present in culture for at
Ieast 16 hours (8) in order to trigger
actrwatron, hlhereas periodate oxidizeE
irrever5iblv Euqar residLies, and iE re-
fioved after a 30 mlnLrteE treatement at
O ''C from the resuspended Iymphocytes.

cultures. RBC-Con A t,la5 obtained by pre-
incubetion of RBC wrth Con A. The binding
oriqinates from the rnteraction between
one or more bindinq sites of Con A airc,
q-glrrcosides on the RBC nembrane.
Therefore RBC-Con A is in thermodynamrc
€'quilibrium !,0rth fre€' RBC and Con A.
I mmLrnoenzymat ic statning (qpecific for
B-cells (9)) shows that in Hhole blood
cultures as *ell as ln cultures of
purified lymphocytes ELrpplemented with
RBC-Con A, B-Iymphocytes are activated in
additron to T-cells at lOxq, whereas at
lxg almost no B-ceIls are stimLrlated.
Hence, rn y{hoIe-blood cultures part of
Con A frrst interacts with the 5uqaf
moiety on the erythrocyteB membrane
forming erythrocyte-coated Co'r A. Then the
RBC-Con A comp lex "presents" Con A to
B-lymphocytee in a configuratron capable
of trlggering thetr activation. On the
other hand, T-cells are activated by free
Con A. In cultures exposed to RBC-Con A,
actrvation of T-Iymphocytes rB achieved by
free Con-A allrays preEent in eqLri Iibrrum
,Jith the RBC-Co'r A.
ln cultures of pLrrtfied lymphocytes, ery-
throcytes are present rn varrable amounts.
depending on the donor and on the quality
of thp pr eperation.. OnIy a s,na) 1 quant r ty
of Con A rs coated to erythi-ocyteE anct
therefore only a few E-Iymphocytes ere
activated.
l^/e conEluder therefore, thet the hyper-9
effect is clue mainly to the EimultaneoLrs
activatior) of T- and B-ceIls. Hor.,,evef . we
are not yet aDle to exFlain hlhy at lxg
E-lymphocytes are not a.tivate., by
RBC-ConA.

6RAVITATIONAL EFFECTS ON I'IAII]IAL I AN CELLS

e.3. ! F-ctivttlqrt by Con A. These exoer r-
ments were performed in order to Lrndp.-
stand the caLlse of the strikrrrq difference
of the l-yper-9 effect betrreen cLrl tures of
purified lymphoyctes and l.hole-blood cuI-
tures {3). In fact, whrle in purified cut-
tr(rEE at loxg the increase of artivation
is aO-3OZ wi th respect t6 the control at
lxq. in whole-bIood culture5 the rncrease
iE aE hiqh as 4OO%. The work of Loren2i et
al. (3) indrcated that Eertain c4mponents
present in siqnrficant amount in |{hole-
blood anc, only in minor aoounts in puri-
fipd cultures are .esponsible of the hy-
per -g effec t .
The results reported in Fiq.a he.e ob-
talned by exposrnq purrfied lymphocytes to
Con A coateal to autoloqous ery-
throcytes.The magnitude of the hyper-q ef-
fect is comparable to that of lrhole-blood

IABLE I

CENTRTFUGE CL INOSTAT BALLOON SPACE

Lynph.rcytes
Activatior, by Con AY ( I -3)
Activation by IO,,

Fr iend cells + DIISO
Proliferatlon
GlucoEe congumpt.
HG produc t I on a
% HG prorrLrc ing cel ls

K-562 cell5 + Hemin (lO)
Prolifer.tlon
Glucose conslrmp t .
HG prodLrct 1on *
7. HG produci nq Lel ls

o
o

o:
o

o

:
o

Hybridoma (ll)
Pro l ifPrat ton
IqG productton

oo
o

s-r46

HG:

0

Increasecl, - : Decreesed, O : lJnchBnqed
Hehoqlobin, IgG: lmmunoglobLrlin
Only T-lymphocytes are Bctivated at lxg by Con A and Periodate
T- and B-lymphocytes are gimultaneously activated at lOxg
I ndLrced by DiISO
IndLrced by Hem in



2.3.2. Activation Eli pgrioO-a!e. FiS- 3
EhowE the hyper- and hypo-gravity effect5
on the activation of Iynphocytes eithpr by
periodate or by Con A., In the clinostat'
the inhibitlon is of the same meqni.tucle as
that observed with free Con A. Llhen the
inclrbation is carried out at lOxq, activa-
tron is also !nhibited, at diffprencP fron
r.rhat occurs u,/ i th f .ee Eon A. lre interpret
ou,- results es follows: The depregsion ob-
served at low-g either with Con A or ,lith
perlodate depencls on ch3nges of the inter-
action between the ceI I membrane ancl in-
traEeI Iuler structu.es rather than on an
extracel I u la. receptor-ligand interaction,
Therefore the depre5sior] obtained with Con
A and periodate at low-g have probabl.y
srmrlar q-dependent mechanrsms. The inhi-
bition at high-q is propably due to mecha-
ntsms Simi IJr to those operattnq rn other
cells a5 shown ln TabIe l.

3. Gravitational effecte on other cells
-rable I summar r:ps the behavror of aI I
cell types hitherto tested rn oLrr labora-
torv rn different g-condrtrons. Depending
on the propertres of the ceIl. several pa-
rametprq were c,etermined. Frrend leukemra
virus-transforoed cel l5 (Friend cel Is) and
K-56a ceI I-- have the peculiar property of
expre--sing he.noqlobin genes Lrpon induction
with dtmethylsulfoxide (D|'ISO, and hemin
resppEtively. The fact that the hybridoma
line tested here did not show changes in
the behavior either rn the centrifugP or
in the clinostat does not mean that this
applies to aIl I indE of hybrlcloma celIs
lines since the5e are knowr't to have dif_
ferent properties between eech other.
Fhe experimentE on the stratospher ic bal_
loon were carrred out in order to discrim-
inate between effect of microgravi ty and
of rosmrc radiation in 6pace. AE Table I
shows lypmhocyte activatron rs not .f-
fec t Pcl by cogmic rays.
In conclusion the experiments pre5ented in
Table l cIBarly shoe, that magnitude ancl
directron of the q-response depencl on the
cell type and that r,o qeneral rul6s on g-
Eensrnq of mainmalian cellE can be epplied.
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hold.srs flt to oeoh 1rng. At the sane ti-
ne the systeB gerres for the por€r supply
r 10 V of the anplifyLng unit. FoI re1l-
able traDsElssloa of a s 1ng1e signal a1-
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Th€ BCG slgnal ls monltoled on atr
osotlloscope, and lf noed be, lt oaa be
reglstersal on a rocoralsr. Th€ IIR 61gna1
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r€corali.ag, glvfug tbe hlgh-quallty
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Bloctlocardiography belolgs to the
obligate Eonltorilg techrlquos ln huEe!.
and anlnal obJsots, subJegteal to oen-
trifr€ation exporlnents. It's lnforna -tlon ls oft€n alter€d by a lunber of ar-tlfaots, rls€al by th6 stT€ssfu11 e[vL-
loD.Bent. In this co.alreotlo! tb6 ECc slg-
nal s Eonitorilr8 rttbout artlfactg anal
dLsturbances caJl be held as one of th€
key problems of an axperinentE.

t'or €xperinents $ritb rats the ani.-
rial oentrlfuge witb the turnturg radlu.s
of 25 centiEet€rs ryas Danufactured !1
the Institute of Avlation ![ea11cLa6' Pra-
Bue. It ls equlpp€d wltb th€ stepLoss
speetl control of acceleratlon up to 20 g
anit with a re1lable syston for conthu-
ous Ieglstretlon sntl notritorllg of the
ECG anit tbe b€art rate (m) data.

An electric&l slgnal flon th€ sta!-
d.aral blpolar lead II ls plokEd-up by
needle electrodss flroB an anlnal r fked
to the bottoE of a novodure cags. Iha
slgnal ls thea Bepllfletl by th€ seleo-
tlrre ampllfler, pleoed.on I small plat-
forD fu the o€ntrlfw€ s rotation ar1s.
A constltuert part of the faoillty ls
the h€art rata enpllfler. After prooqs-
sfurg, botb sitnalE are transf€retl ftoD
the rotating part to the st at ionary
part of tbe ilevloe through the oolIeo-
tor rings. Ihey oonsist of rout u.Blly llt-
sulatea blass rlngs 40 mn ta dianetet,
attacbeal to tbe loior. I Pa1! of blusb

Iastltute of AvlBt ion l{edlclng
Pregue

Czecboslovakl'a

ootle or to stor€ then on s,a a,a.aIog Iu ta-
ps lsooraler. The tfuoe syEohlonlsatlon of
the lnstru-oent ahaia ls prgvittsal by a tl-
m€r !a s€oonal a a!.il ml'nute s lnt€rvals.

Input fo11ow€rs provide hlgh output
impe danoe for th6 enplifier. th6 allffs-
rentLal sta€e ,eJects the undeslrable
oomon AC slgral. the 1ow-pass fl1t€r re-
Jeats the Eoiso blghe! than 80 Ez. Th.
lnput RC ctcuLt of th6 flnal output sta-
ge h.as a tfuoe co[stant = 2r5 seconils.

It proved useful to proceas the ECC
slgnal fo! a caraliotacboneter alreaily in
the anpli.fler, at the rotating part of
th€ ceatrifuge. Rsotangulal pulses, geae-
rateal at tho pulse -sh8,per's output, ale
aleriveal fron the QnS oonpl€x of ECG. Ihs
pulse shaper soataias a self-ectlng com-
parator, laltlated, by peek voltage of the
QnS coBplsx. Tbe interfgrence wlth volta-
Be 1eve1, Io?vor thaa the peak aEplltudpof the R wev€ at the seleotlv€ aupllflci:
output is automatloally suppr€ssed. Rec-
tangular +10 V pulses are fetl throuah tll€
colleotor rlngs to the cardiotaohomet ar 'sbput. In most cases the colverslon lnto
I-IR pulses is safe, only untler oocaslonal
sltuatloas, like ln the oourse of cloalo
coD.vu].slons, readlog of the llR fron a r€-
coralor ls treoesrrary.

lhe ECG s lgna.l prooesslng already at
the rotatin€ part oalls for a Eajor nuD
b€r of tlaosml.sslon rlngsr tha,n the pro-
coasirrg at the stat ioner-y - part. Hsweier,
ln thls way the ugdeslrabl.€ outages of
the card.j otactoEeter s functlon, causeil
by tbe ECG s signa,l linitation, ar€ reilu-
c€d. OptlEaI f11tsrlng witb suppresslon
of disturbing effects towards the useful
signal lmpror€s the reliabllltJt of the HR
data €valrlat l,ons.

foUoyr&g EcC sur"'€s d.enonstlate
tech!.icel aspecta of the probl€n only.The
load. applled was suJficlently hlgh anal
str€ssfull to cb.€ok tbe po8slbillti6B of
artifact-frs€ r€ooralinS of tbe ECC I i8na1
ln €rtren€ oondltioD.s. the rscorils.obtal-
ned with the paper sPeeal of 100 slE . s-l
are evalueble both fron the Eorpholo
es fron tbe t 1nIr1g cbsrecte!1stlcs o
at rest,ln tbe cgurse of the acoelsr
load, after it s ternination anil
throuahout tbe telml.na1 state. Ihug
th6 +C-atross !€latad EcG changes 'oribeal by varlous authoriti€E' coul
sucoessfully r€produoeal.
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nental anlx0a16 agalnst ths acceleratlon
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ELECTROPHOTOGRAPHY AS A ?OOL POR

EVAIUATION OF CEANGES INDUCED IN EUMAN

ORGANISM BY HYPERGFIVITY

Inatitute of Phy81ology, Czechoalovak Acaal.
Sclencea, Praque 4, Czechoalovakia
xlnatitute of Medlcal and BlologlcaL
Problema. Uoacow. USSR

Electrophotogr.ms were recoraleal wlth
elght persons eJpoaed tlrLce fo! L.5 loln to
3 and 5 c. the electrophotograpbs rere
evaluated by a Leltz Image Analyzer. Ihe
ahapes of the electrophotographs recorded
before altd after cenlrlfugatlon are differ-
ent. Thu8, ln comblnatlon wltb physlologl-
cal and blochenlctl netbods electrophoto-
grapby car be used aa . tool for evalua-
tlon of lntegraL aDd q@plex changea lndu-
ced ln the human organlen by hypergravtty.

Durlng the laat f,ew years an hcrea-
alng anount of publlcattons appeared ln
whlch electrophotography r,aa uaed for eva-
Iuatlon of phy8lca!. Ioads a! welt a! of
varloua pathologlcal proceases (aee Leach,
A.B.,Er1t.it.Photogr. I27 ( 16 ) :3O4-3os.198I,
ChudCEek,I.,Matougek,L.. rhe Royal- Pboto-
S4Pb& S!!L gf Great Brltain. Canbridge
1984, pp.41-45 ) .

llbe prLnclple of the electrophotogra-
pblc technlque la baaed on the observatlon
that object! ln contact wlth a photographlc
€nulsion expoaeal to a blgh-voltage electllc
ftelit, 91ve a tlPlcal pattern on the deve-

loped ftln (aee l,oeb,L.a.,Electrlcal coro-
naa, Berkeley, Univeralty of californla
Press 19 55 ) .

A tlPlcal eLeclroPhotogram of a hunan

fingertlp la demonstrated LD F!9.1A, uslng

a subject at crse, under balanced conditl-
ons. After exposure to physical and pEychtc
load the electrophotogram ls changeal (F19.
IB).

Chaages 1n electrophotograms vlere eva-
luated ln Euch a way that the area typlcal
of balanced condltlona was narked wlth Sl
(Fig 1A) and the area tlT)lcal of stresa
condLtlona waa narkeil wlth 52' Uslng a

Leltz Iltage Analyzlng system the Sl and 52

areaa of the electrophotogrraphlc corona

were neaaured and the percentage of the s2

area raa calculated.
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., . srKoRA, r. SoLcov[, B. JAxouBEK, z . DRAEoTA ,
A. P. NECAYEVX, O. p. sEwcENKOx, O. p. KOZERENXOX,

I . P. W]:L-WILIAHSOVAX

Flg. 1. Electrophotogram of a human fln-
gertlp expoaed to a htgh-voltage el.ectrlc
fleld (2OO kv, 2OO tszi o.5 8). A-subject
under balance condltlons. B-subject under
streas condltlons. Sl - area tlT)tcal of
balanced conditlons, 52 - area typlcal of
streaE condltions. Electrophotograms $ere
recorded by an apparatua constructeal
locaIly.

A

s1

7
- _-1

.1
/

tl

r'

-6

I
)

51

52



Electrophotograma r,ere recorded rl-th
35 nale subjects unaler baLanced condltl-onB.
The reaul,ta are aurlnarlzed ln Table L.
Under balanced condltlona 8Ot of Lhe sub-
jects dlsplayed only the Sl area. Wlth 2Ot

Peraona, the 52 area. whlch reflect3 stress
or pathologlcal condltlona, ras detected.
The 52 area ln thia group represented 27t
of SI + 52 ranglng froB 14 to {Ot. We may

thua conclude that. on the baa16 of the
electrophotographi.c data the group of per-
sons evaluated can be dlvLded lnto trro
aubgroups (8ee Table l).

have no meaaurable 52 area before centrlfu-
gatlon vhereas rrlth trJo persons an 52 area
wla found. Indlvldual evaluatlon of theae
alata also lndlcates that wlth seven perEons
out of eLght the 52 area algnlflcantly 1n-
crealeal alter centrlfugatLon whereas t lth
one peraon no change tf,aa founal (lable 2).

15,

Nutnber of
6ubj ects

Age
( years )

Area (nsr2 )

st s2

ts
lh

2

35

( roor )

22-50 L52
+10. 3

ro 6.2
+3.5 +5.3

21

(71t]-

8

(23r )

22-52 152

26-59 11?

r 0.6

42 26.6
Flg. 2. cbanges of heart rlte and s2 area
of the electrophotograph after centrlfuga-
tion.

Table l. Evaluatlon of electrophotographa
of human fl.ngertlp lrlth pelsons under ba-
Ianced condl.tions.

In fulther exp€rlDents re applled the
above procedure to evaluatlng the effect
of hypelgravlty on the hunan organlsn.
E19ht persons were exposed tlrlce for a

short perlod of tlne (1.5 nin) to 3 and
5 c irlth a 10 nln pauae betreen the tvo
centrlfugaclons. Physiologlcal alata were
monltored contlnuoualy rrhlle electrophoto-
graphlc alata lrere recorded before and after
centrlfugatlon, The reaults obtalned are
preaented 1n Flg. 2.

Fron thls alata lt ls evldent that the
character of the changes obtalned on ele-
ctrophotographs 1a qulte dlfferent frorn
that of, e.g. the heart raCe or blood pre-
saure (F19.2).

The data of lndlvldual subjecta aho-
!red, ln aggreerent wlth our prevloua obser-
vatlona, that our experhental group can
be dlvlded lnto tro subgroups. Slx personE
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Table 2. Inali-vldua1 dlfference6 ln changes
of the 52 area lnduced by hypergravlty.

It may be concluded that electrophoto-
graphy in combi.natlon wlth an Inage Analy-
zer whlch perrnlts dtgttaLlzatlon of ele-
ctrophotographlc plctures can be used as
a nonlnvaslve technlque for evaLuatlng
lntegral and complex change8 occurrlng ln
human organlsms under phyalcal and psychl-
caI loads. Accordlng to ou! data auch a

nethod can also be used for evaLuatlng
conpLex changea occurrlng ln a hu.nan orga-
nlam after expoaure to hlpergravlty.

2SubJect
number

S, (nrm

control 3+5G

lncreaBe
tnm l

s
2

o

29

80

o
+29

+43

s-r 5l

3

2,4,5,7 ,8
1.5
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I NTRODUCI I ON

It is well knoh,n that a hypodynamic cordition
irduces many physiological responses, i.e.,
circulatory ard metabol ic. It is also
c.onsidered that, in ttE develogrEnt of such
responses, hlpogravic recEption is integrated in
ttle central nervous system (c},ls), ard eventually
activate many controllers in the Clts which
organize various effector-systgns. Rec€ntly,
studies on the central trEchanisn of
gravireceptioh gradualLy started to investigate
tlle cantributions of several brain regions
involv€d in develogient of several, responses
duling hyper- or hypo-gravic cordition. In ttE
8th annual fiEetinq IUPS c! mission on
gravitational physioloqy in Tokyo (1986), the
sFposil..ln on rrl{allmal,ian gravitation ard brain
function" !,as also held ard rEny results r€re
reported in this text. Holiever, because of
limited techniques, srrch as lesion-, stimulati.on,
or unitary reclrding techni.ques, these repolts
could not represent t.}re spacial relation of tlle
activated CNS as rr,hole, but suggested the
characteristic clntributions of each region,

sokoloff ard his colleagues (4,5) tEve
developed a rlex autoradiographic nEthod with 2-
deoxy-D- [ 14c] glucose (2-DG) , This rEthod
utilizes 2-DG as a tracer for glucose utilization
j.n the brain regions. The higher ttE grain
density of 2-m on tlle autoradiograph, the
greater is the 2-m inclrporation into that
region. subs€quently, this ltEthod enables us to
provide a pictorial representation of charges in
fiEtabot ic activity of brain regions. It has
already prov€d to be a valuable tool in a nurber
of sophisticated oeurophysiol.ogicat investiga-
tions (1,2,3), because this nEthod easily enables
us to investigate tlle functional activities of
rEny brain reg ions of c$nscious $bjects. Using
ttle 2-Dc technigue, tlE present shldy r€s carried
out to investigate changes in functiorEl
activities of various brain regions in conscious
rats durirE hypodynamic c-orditioo, which was
irduced by bod], suspension.

ME'THODS

(25 rq^g. ip). After implantation of the
catheter into tlle caval vein, at least I rEek ,as
allo$ed for recovery io a tdqElature-clntrolled
roor at 26 I lqc with rEtural illunination. ?he
aninEls r€re not fed during 12 h before tlE
experirEnt but had cantinuous ac"cess to water,
ExtrErireots l€re clnducted at the sanE tinE
II2OO-L4SO h) anC urder ttE sarlE lighting
condition for all animals,

lien animals r"ere divided into tie t'ro groups:
L) suspension group (n=5), where aninEls i,rere
horizootally susperded with surgical bardage
nettirq, ard 2) control group (n=5), wtEre
aninEls r€re not suslErded. Ninety min after
biginning the suspensioo, each rat lras given a
single iojectioo of S.5 ml saline cqtainirg I0
)f,i/lbgg ot 2-E (specific activity 60 rci,r'rnol,
Anersham) into the caval vein through the
catheterpreviously ilplanted. Eorty-fi\€ mj,n

af ter injection of 2-m, the ani(a1s i€re
decapitated ard their brains rrele tapidly
lsnoved, frozen in Freon chill,ed with liquid
nitrogen ard cut into sections (28 ).!n) in a
cryostat fiEintairEd at -2o oc. For
autoradiography, tlle sections uere then exposed
to single srulsion x-ray fitm (Kodak, sB-5) in x-
ray filln cassetes for L0 days, ard then tlle filns
i{ere developed. Mjacent secti.ons were stairEd
with lEnatoxylin ard eosin ard served for
histological identification of parts in the
autoradiographs, using rat brain atlas. For
guantitative ccrnlEr i son, optical densities (0D)
of the brain reg ions ard polyrer referenc€
sources for standardizing (set for
autoradiography GR-10, AlErsham) in
autoradiographs wele nEasured with a
microscanning photcrneter (Nikon, Vickers, M85)
with an aperture settiog of 0.15 fln. Before
iEasurgtEnt of oDs in selected brain regions, the
photo(Eter hqd, been previously adjusted so that
ms of ttE [rac]-[C standards have an aLmst
tinear relationship to ttE l4C c@tent of those
stardards. Five readj.ogs of the 0D irere
averaged for the selected blain regions, ard tlle
0D ratios of the various brain regions to the
clrpus callosun l€re calculated. The data l€re
analyzed for statistical significarE€ by
student's ,-test for unlEired data.

RESULTS AND DISCUSSION

OIA}reES IN METABOLIC ACIIVI'IY OF THE CENIRAL
NERVOUS STRUCIURES DURIM IIYPOOYNAMIC EXPOSURE
(BODY SUSPBISION)

'Ibn nEIe albino rats (wistar strain) heighing
259-3Sg g were us€d. rn each rat silastic
tubing for i.njection of 2-E i€s inserted in tlE
superior caval vein urder tlsrbutal anesthesia

rn Table l, optical densiEies for 27 selected
brain regions are expressed as ratios to opitical
density of the c-orlxls callosun. Tlp data in
Table t sho^, ttE reLative changes of ttre 2-E
uptake of each brain region urder tlle present
eiperinental conditions, Therefore ttE data do
not represent quantitative derminations of tlle
actual rate of each brain regions gluclse
consunption. cc.tPared with resPordent reqions
in controt group, significantly higlEr ratios of
tlle 2-m incorporation t€re observed in
suspensi.oo group in tlre follc,vJjrg brain regions:
anterior cingulate cortex. septal nuclei, Iateral
preoptic area, nredial ard lateral habenula '
i,ltri le ratios lolrer than those in tlNe cotrol
group were observed in ttle sensory_{rDtor cortex
and lhe olivary nuctei. 2-m autoradiographs at
the level of habenula ale stpwn in Eig. I. It
is noted that habenula in the sus[Eosion group
stElred a greater increase in 2-m inclrporaEion
than tlEt io the clntro1 group. lloreovet
significant differenc€s in pattern of activation
in ttE parietal cortex between clntrol ard
suspension groups are observed.

it pr."&t itoay tus shodn the c+Bnges in tlE
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rEtabolic activity in tlre several braio regions
duling hypodynaftic exlDsure. As for ttEse brain
regions, it is possible to conside! that these
regioos !1111 rEre or less take part in the
develo[nEnt of responses irduced by hypodyndnic
csndltioo. At this ti.rE, it is difficLrlt to
analyze these brain regi.ons with regard to
precise localization in ttle cqnplicated chain of
central nEchanign to irducE tlEse reE onses.
Hot€ver it is strongly expected that the plesent
results provide a useful starting point fo!
precise studies in the rEar future.

ll'c I aaorygtucorc lDcuporltion Ir btain reglor.
alurlng tu.p.n.lon

control (n-5) susP€n!1on (n-5)

Control

habonula

@Varistarcortex

h6bonula

/ paristal cortox

Suspension

Fig. t I 14 C] deo)q,gl,rEose autoradiographs
coronal s€ction at tlE level of habenula
parietal cortex.
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American Physiological Society
Centennial Collection

The Centennial Founders Set

The Centennial Founders Set is a limited production
of cerarnicrvare commemorating the I 00th anniversary
of the founding oithe American PhysioloSical Socie-
ty. Each piece-plate, cup, and tile-is fired in a radi-
ant cobalt blue porcelain and etched in 23-carat gold.
The face of the l&ioch plate features a reproduction
in gold of the Centennial portraits of thc five found-
ers and iDJcribed on the back is a brief history ofAPS.
Thc tile features a gold reproduction ofthe Centenni-
al Seal and the cup has both the founders' portraits
and Centennial Seal embossed on the sides. A Found-
ers Plate is to be donated to the white House Collec-
tion of Commemorative Plates in washin$on, D.C.

The cost of the Centennial Founders S€t is $45.m.
Individual pieces are priced as follows: S35.OO for
the plate; $10.00 for the cup; and g6.m for the rite.

The Centennial Coffee Mug

Centennial Coffee Mug is a replica olthe Found-
ers Cup with the Centennial Seal imprinted in
white on a radiant cobalt blue mug. The cost lor
the coffe€ mug is $7.50.

The Centennial Medallion

Centennial Medallion is a 2.S-inch bronze com-
memorative medallion that feltures the sculptured
faces of the five foutrders o.r the fronr side and
the Cente[r al Seal on the reverse side. The cost
is $25.00 fo. each medallion.

APS Founders Set @ $45.m p€r ser

Itrdividu.l APS Foood.rs S.t pi€.es
Platc @ 135.m each
Cup @ t10.00 cach
Tile @ t6.00 cach

Certennial Coffee Mug @ $7.50 each
Centcnnial Mcdallion @ S25.m each
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NASA Space Biology Program

The advent of the space age provided the lirst access

to the "gravitl'frec" slate and an opponunitl to manip-
ulatc gravit-,-.. from ils norm of one down to zero.

Therefore NASA has assumed lhe responsibility to
inlestigale the biological significance of gravity and

therebl expand biological knowledge.

tcract with olher environmental factors lo conlrol lhe
ph-vsiology. morphology-. and behavior of organisms?

br:hoo' do grauitational and other environmental stim-
uli interaci in their control and direclion of living
forms? Can the aclion ofgravity be replaced by different
stimulr?

Program Content
The program has been divided into the following

three broadareas: /)the role of gravil-Y in reproduction.
developmenl. maturalion. and evolutioni J) gravity
rcccDlor mechanisms (these include the identification
o[the organ or site ofgravitl reception and the biolog-

ical systehs and mechanisms that transmit the infor-
mation lo a responsive sile): and J) the physiological

cffects of grauity lthis includes the biological mecha-

nisms by *hich liring syslems respond and adapl to

altered gravitl-. particularly thal of the space environ-
ment. ai weli ai the interactive affects of gravity and

other stimuli and stresses on the physiology, morphol-
ogy. and behavior of organisms).-it is NeSe program in space biology is carried out
intramurally by the NASA Research Cenlers and by a

svstem of eitrimural Brants. Qualified scientisls inter-

cited in learning more about lhe program and the

developmenl of research proposals should contact

Dr. Thora W. Halstead. Chief.
Space Biology Program. Code EBR
Life Sciences Division.
NASA Headquarters
Washington. DC 20546
Phone: (202) 453- I 525

Objectives
The objectives of NASA's Space Biology research

program are ,l) to invesligate the biological significance
of giavity: ?) to use gravity to solve relevanl biological
quistioni: and J) to enhance our capability to use and

explore space.

Goals
lhe s.oals of the program are /) to enhance our

knowlcip.c of normal phtsiological adaptive mecha-

nisms in-hoth planls and animals and thereby provide

new insight into both normal and palhological mecha-

nisms: l) to provide for the mulliple generalion survival
of olants and animals in space through an understand-
ing-and ultimatel! control-of the affects of gravltl
on- development. adaptation. and evolution: and J) to
enhance plant productivitl through an understanding
and control of gravitational and relaled environmental
slimuli and the manipulation of response mechanisms.

The achievement of such goals depends on answers

to basic scientific queslions lhat include the following.

/) Does gravity influence fertilization and early de-

velopment and can fenilizalion and early development

oroceed normalll in a near 0-G environment? Ifgravitv
does affecl feniiization and earll development. what

are the sensitive physiological syslems and how are they

affected? If early developmenl is affected by gravity-. is

ir a result of an'effect on the parent or the direct effect

on the embryo itselfl
l) What is the role of gravity in the formation of

struclural elemenls. such as lignin. cellulose. chitin. and

hone calcium. at the molecular as well as at the more

complex organizational levels?

J) what role does gravity play in calcium-mediated
physiological mechanisms and in calcium metabolism?

.l) What is the gravity-sensing mechanism? How does

it perceive information? How is the informalion lrans-

mitted to evoke a resPonse?

-5) How does gravity as an environmental faclor in-

Strategy
The slrateg-v so far has been to manipulale gravity on

earlh and deielop weightless simulalion models to de-

velop and test gravitarional hypotheses; to identify grav-

rtr -scnsitit e bi-ological sl slems and interacling environ-
mental response itechanisms: to address valid gravita-

tional biological queslions on eaflh when possible: and

to plan and design future space experimenls As space-

flisht oooortunriies. either manned or unmanned be'

.olr. ,o.. prevtlent. increasing emphasis will be

placed on fligit experimenrs. Similarly. as longer flight
missions become available. emphasis will be directed

toward biological questions thal require longer periods

ol microgravit-v for adequate experimenlation.



l.

ES

)

\

r-'t

\L.

f \\'t

\
a

\/
/\

\

I
)

I
I

\


