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Forward on, always forlrard on.Ihe Universe belongs to man.
K. E. Tsiolkovsky

The Fifth Annual ptoceedlngs of the
Corunission are dedi-cated to Konstantin E.
Tsiolkovsky in reccgnition of his foundinqrole rn astronautics and significant cont:ribution to gravitationaf pfiysio:-ogy.
.-- Konstantin E. Tsj-okovskt was 6irn in avillage of Izhevskoye, not fir from the cilty of Ryazan, Russj.a, 17 september 1857 tothe family of a forester. When he q/as alittle after ten, he contracted scarlet fe_ver and,-as a result, lost hearing almostcompletely. Deafness influenced his life ina.large measure. ,,It made me suffer evervminute of my association wittr otrrei feooie.It made me engrossed in myself and slriveto do domething outstanding to win the ap_proval of others,, - he wrote later, Hisdeafness interfered with his lessons butthe young boy yearned for knoi\rledge and de_veloped a specific system of le"",jn"."ie--drd not only read textbooks irut c..ii.J-outmany experiments, often usinq instrume;ts--

".:19led by himself. The scoge of his sci_entific interests grew continuousfy, lllJm_ing real]y amazing - mathematics.ia 
""qi_liiI'_l1t u:r.?l:Ty and seorosy, uiotoiy'a-nameoacrne. In 1879 K.D, ,fsiolkovsky oassedexaninations as an external 

"t"a.it-i"J-ou_tained a certificate of education from theRyazan high school irhich authorized him toteach nathematics in junior sctioot. fn tgizne-becane a school_teacher of ari-tnmelili--and geomerry in rhe city "r x"r"g."";"iI"h.iived until his death, i9 september 1915.The-entire life of K.E. Tsiofkovsky isan excellent exampl.e of selfless a"roii6.,--ro.scrcnce and passionate drive to r=" 
""i_:lt,iIi: achievements for rhe benefit ;fmanKrnd, He r{rrote about himself: ,l.ly Uio_

l:"!ly i: a correcrion or worr ana iriiiesot everyday lif:: t,ty only attraction is re_search, neq, findings, the rest bores me,,.
..^ .Ilit fascinared him in particular was
:,]"^:""? or-golng beyond the Earth. rn I883ne cornpleted a speci.fic treatise in the
L!:rm-ot a. diary ,,The Free Space,, in which
i:,-:?. the firsr tj.me, formufated his ide_as about manrs penetrarion into "rt.i""pIJ",In 1896-he started a profound eneoreticli
::ldl :f the.problem 6t "face tlieht. rnnrs_two publications ,,The Study of the Out_:. 9p1ce by Rockers,, and ,,Beyo;d tne pfaiet
::]::h: rh: scienrisr presenred a well_docu_m-e_nted substantiation of a rocket to be
:-":o.?" a space vchicle. rsiolkovsky wascne rirst to show that the rocket il .-ify_

DEDTC.I,I'ION

ing vehicle whose dynamic charactelistics
can be maale aalequate to meet the biological
and physiological lequiretnents of living
organisms.

Biomedical problems of astlonautics
occupied an important place in the scholarb
activities. In 1876-78 he carried out expe-
rinents on centrifuged insects and chicks
and demonstrated that "the fivefold increa-
se of their rreight produced no harmful ef-
fect on them". In 1882 Tsiolkovsky plepared
(but did not publish) the book "Mechanicsof an Aninal Body", irhich discussed the ef-
fect of increased or alecreased gravity on
the human body.

To get a better understanding of what
man and animals may face in the weightless
state, Tsiolkovsky felt it important to
identify the role of the constant effect of
Earth gravity on the lj-ving body, He put
forth the hypothesis that the anatomy and
physiology of anirnals and plants can be mo-
dified as a result of their prolonged expo-
sure to a weightless environment. In 1895
he advanced the i"dea to generate artificial
gravity by rotatinq the space cabin.

Even today we feel amazed by the intu-
ition and foresight of K.E. Tsiolkovsky.
At the turn of this century he proposed two
methods for simulating lhe weightless state
on the ground: free falL of man in an en-
closure (chanber, lift, etc.) and irunersionj-nto a fluid. He was the first to speak
about a closed lj.fe-support system in a
space rocket.

The great thinker, Tsiolkovsky not on-
1y laid the foundation of astlonautics but
also devel-o':eJ a logical concept of the
future of the humanity. He believed that
man's space-oriented actj-vities r.,ould go
beyond the geocentric linitations of the
human soqiety and make accessible unprece-
dented facilities for sociaL progress and
complete harmony of nan and his environ-
ment in the Universe.
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The Fifth Annual Meeting of the Commission on
Gravitational Physiology of the International Union of
Physiological Sciences was held in Moscow on 26-29
July 1983 at the kind invitarion of the USSR Academy
of Sciences and the Ministry of Health. The meeting
started with a symposium lasting a day and a halfduring
which 22 invited papers on gravitational research in
plants and animals were presented. The symposium was
followed by two days of open sessions in which 45
voluntary papers were given, and the meeting was con-
cluded with a half-day of 2 round table discussions of
motor and vestibular function and of cardiovascular
function in altered gravity states. The number of
registered participants in the meeting was l16.

The Commission also organized a half-day sympo-
sium on gravitational physiology as part of the IUPS
Congress held in Sydney, Australia, on 28 August-3
September 1983. The symposium comprised 6 invited
papers by speakers from Australia, the USA, and the
USSR-

The following Proceedings of the Commission on
Cravitationa.l Physiology include the symposium and
voluntary papers from the Moscow meeting, as well as
the symposium papers from the Sydney meeting, and
are presented by arrangement with the American
Physiological Society. In the int€rest of timeliness and
economy they are published without full editorial
review. Financial support for the preparation of the
Proceedings has been provided by the USA National

Proceedings of the Fifth Annual
Meeting of the IUPS Commission
on Gravitational Physiology
26-29 July 1983, Moscow, USSR

PRELIMINARY ANNOUNCEMENT

IUPS Commission on Gravitational
Physiology-Sixth Annual Meeting
l8-21 September 1984
Lausanne, Switzerland

Aeronautics and Space Administration, for which the
Commission is grateful.

Travel support for many of the participants was gen-
erously provided by the National Aeronautics and Space
Administration, the European Space Agency, and the
American Physiologicat Society. We also express ap-
preciation to the USSR Academy of Sciences and
Ministry of Health for their gracious hospitality and
provision of excellent facilities for the meeting.

The Sixth Annual Meeting of the IUPS Commission
on Gravitational Physiology will be held in Lausanne,
Switzerland on l8-21 September 1984 at the kind invita-
tion of the Institut de Biologie et de Physiologie
vdgitales, Universitd de Lausanne. A Preliminary An-
nouncement giving details follows, and a welcome to
participate is extended to all interested scientists.

H. Bjustedt, Swede\ Choirmon
A. H. Brown, USA
A. Cogoli, Switzerland
P. Dejours, France
O. G. Gazenko, USSR
K. Kirsch, CFR
l. Kozlovskaya, USSR
N. Pace, USA
P. E. Pilet, Switzerland
H. Saiki, Japan
A. H. Smith, USA
O. E. Reynolds, Business OlJicer

The Sixth Annual Meeting of the Commission on
Gravitational Physiology of the lnternational Union of
Physiological Sciences is being planned for Lausanne,
Switzerland, on 18-21 September 1984. The meeting
will be held at the invitation of the Inslitut de Biologie et
de Physiologie Vigetales, Universitd de Lausanne.

The Commission Meeting will comprise open sessions
for slide presentations of yoluntary papers dealing with
the effects on physiological systems of humans, ani-
mals, and plants of changes in magnitude or direction of
the force environment. lncluded are the effects of the
weightlessness during space flight, acute and chronic ac-
celeration, vibration, and the various forms of simu-
lated weightlessness. Also included is consideration of

the evolutionary consequences of gravity and the role of
gravity in the manifestations of scale effects in animals
and plants. The Commission Meeting will also include a
one-day symposium by invited speakers on several
topics in gravitational physiology.

It is planned to publish the Proceedings of the Sixth
Annual Meeting in The Phlsiologist. As preyiously, the
Proceedings will contain the voluntary papers and sym-
posium papers presented at the Meeting.

Your participation in the Commission Meeting is wel-
comed. lf you are interested in the particulars, please

contact Dr. Orr E. Reynolds, Commission Business Of-
ficer, American Physiological Society, 9650 Rockville
Pike, Bethesda, MD 20814, USA, by l5 February 1984.
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OPEIII}IG REIIAR(S

E. I. vorobyov
USSR Vj.ce-Minister of Health,

Chairman of the USSR Organizing Conmittee

Distinguished Colleagues,
In behal.f of Che USSR uinistry of

Health I feel- oleased and honored to $'e1-
come you on the occasion of the oDening of
the vth Annual ueetj-ng of the IUPS Conmis-
sion on Gravitational Physiology. This
ueetinq is attenaled by well-known scien-
tists fron 14 countlies. The Proglam of the
plenary and sectional sessions includes
over 70 gapers.

At gresent gravitational ohysiology is
in the focus of scientists frorq many count-
rj-e3. tlowever, there are still nany rrhite
sgots in our understanaling of glavity ef-
fects on biological objects, there is no
sing1e theory interpleting the relation-
ship betireen a living body and gravity. It
j,s interesting to stu.ly i.ntimate necha-
nisns of the prirxary biotoqi.cal effect of
the gravitational factor' It vrould be of
great theoretj-cal and practical importance
if the possibility of a direct effect of
zero-g on the cell and subcellular structu-
res of gravity-oriented and nonoriented
organisms can be oroveal or disgroved.

Gravity is a constant environmental
factor fo! man, animals and glants on the
Earth. Every livinq being has adapted to
the effects of an invariabte gravity. It is
hoped that an investigation of path$rays
anal mechanisms of the phyloqenetic adaDta-
tion to the Earth gravity may make a sig-
nificant contribution to the theory of evo-
lution, genelal orinciples of adagtation
and exobiology.

Today glavitational ohysiology olays
an important part as an applied science.
Ihe spectaculaE achj-evenents in aviation
and astronautics make it necessary to sup-
oort the life and work of nan under alte-
red gravity conditions, varying fron seve-
ral g's co ze!o-g. This gractical Ploblen
can be solved only on the basis of funda-
nentaL investigations.

The space flight is characterized bY
gravitational effects of o9r'osite oolarity:
at powered stages hypergravity develops
and in orbital flioht hyPogravity persists.
This large scope of gravitational effects
is of key interest for physiologists. Par-
ticular attention should be given to the
vestibular function. The theoretical and
practical aspects of this oroblem are obvi-
ous but our achievements in the clarifica-
tion of vestibulo-autonomic disorders in
zero-g ate so far verY nodest.

when enphasizing the significance of
sDace stualies, it is imgortant to bear in
mind the limitations they may impose on
gravitational physiology.

uncil now each space flight renains
a unique evcnt anal often the data obtained
are insufficient to ensure statistically
significant results. This Droblem is fur-
ther aggravated by the fact that in sgace
flj.ght man, animals and plants are exposed
not onLy to acceleration and zero-g but
also to nany other environmental effects

Chat can hardly be controLled. Sorne of
these factors may produce a bioLogical ef-
fect of greater rnagnitude than that of ac-
celeration ot zeto-q. In this context, ex-
perimental investigatj.ons on the ground are
very imgortant.

Increased gravity effects can be easi-
ly reproduced vrith the aid of centrifuges
of different confiqurati.on. Ground-base.l
studies have shown that from the biological
ooint of view the gravitational environnent
j.s very important. rt is also interesting
to el.ucidate the relations betl^,cen hyDe!-
and hyDoqravity and to deternine whether
the results of 1on.r-term centrifugation can
be extrapolated to real weightlessness.

As kno$rn, orolonged weiqhtlessness can-
not be relroduced on the ground. Therefore,
various models sinulating the major physio-
logical effects of r,reightl.essness are wide-
1y used. they include !,rater inunelsion, c1i-
nostatic anal antiolthostatic hypokinesia.
It is hoged that a critical discussion of
the adequacy of these nodels and their 1i-
tiritations nay help solve riany ploblems as'.
sociated liith zero-g effects on the human
body.

The investigations of celtain asPects
of gravitai:ional physiology ale closely
relatedl to clinical and preventive medicina
They, in particular, extend our ideas about
the adaDtation of the hunair body to envi-
ronnental effects, enlargc our knowledge
about the rnechanisms underlying the functi-
oning of different physiological systcns,
and contribute to the prooer understanding
of hyDokinetic and hyoodynamic cf:ccts.

The imgortance of gravitational thy-
siology is obvious, hence the great intc-
rest of the life sciences conu[unity in it.
I'rom this Doint of view, the annual meet-
ings helal by the rUPs cotnnission on Gravi-
tational Physiology are very inportant. At
these meetings scienlists have every pos-
sibility to discuss the results of thei!
research, to share their ideas anal to out-
line furthe! j-nvestlgations.

It i.s beyonal doubt that the joint
efforts aimed at determining the contribu-
tion of gravity to the fundanentaL bj-olo-
gical processes may help answer many qucs-
tions associateal with manrs conquest of
outcr space and with the role of gravity
in the origin and evolution of life on the
Earth.

In conclusion, may I express my gra-
titude to you for aCtendj-ng this Meeting
anal uj-sh you interesting antl stinulating
discussions. Although the proqram is pack-
eal, I do hope lhat our guests will be able
t,o do sightseeing in and around Moscow.

This Meeting has been convened by the
IUPS Conmission on cravitational Physiolo-
gy. I arn sure all the participants will
join me in extenali.ng ny thanks to the Con-
mi-ssion medbers and its Chairman prof.
H. Bjurstedt for their efforts associated
wj.th the preparatj.on of thj.s Ueeting.
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As Chalrman of the IUps International
Corunission on cravitatj.onaL physiology I
take great pleasure j.n uelcorning you to an-
other of the Cohmission's AnnuaL MeeLings.
the fifth of j.ts kind. out latest meeting
was held in San Diego, Cali.f., in conjunc-
tion i{i th the 1982 FaII Meeting of the
American Physiol-ogical Society at thej.r
kind invitation. During this Conrnission
Meeting, the Sovj.et participanls conveyed
an i.nvitation from Professor OIeg cazenko,
I'lember of our Commission, to hold the Fifth
Annual Conunission Meeting in Moscow to be
co-sponsoreal by the Soviet Academy of Sci-
ences and Hinistry of Health. Clear1y,
this indicated a desire to further consoL-
idate the internatj.onal cooperation already
established in gravilational physiology
through ou! previous },leetings, and the in-
vitation was pronptly and gratefulLy ac-
cepted.

As ou! Fj.f th Annual Meeting now ma-
teriali"zes I could not continue my remarks
rrithout expressing, on behalf of the l"lem-
bels of our Corunission, my distress over
the death of Rodolfo Marqaria on 29 January
this year. This depr-ives gravitational
physioloqy of one of itE pioneers. Margaria
uas boln in Chatill-on in Northern Italy in
l90l-. During his profess.ionaL career he
held the chairs in physiology at the Med.i-
cal Schools in Ferrara and Pavia, and was
subsequently appointed the chairnan of the
Institute of Physiology at the Medical
School in Milan, where he remained untiL
his retirement i,n ).972. tle hel.d other ap-
pointrents outside the Academe, such as j.n
aviation medicine and sports physlotogy.
Margaria nade irnportant contributions to
gravitational physiology; among other
achievements in th-is field he rras able to
predict the nechanics of human locomotion
in the subgravi ta tionaL field of the moon
5 years before the first astronaut tested
his ability in practice, He served as IUPS
representative to COSPAR from 1965 Lo L974.
ne played a centla1 role in the formation
of our Corurission. To acknotdledge Marga-
ria's distinguished achievements the pro-
ceedings of the Second Annual l,teeting of
our Cornrnission was dealicated to him. I amcertain that he rr,ould have been delighted
to witness the progress of gravitational
physiology as manifested by this Meetinq.
Hj.s spirit wil} live on in the endeavors
of our CorEnission - nay he rest j-n peace.

The printed program of this Meeting
outlines the activities for the coming 4
days. Apalt florn the present S)rnposium of
invited papers, there rrill be 4 lrorkshops
and 2 round tables dealing $ith various
aspects of gravitational physioloqy. The
Cornnission is pLeased to acknowledge that
the tolal nunicer of subnitted papers for
lhe synposiun and workshops is 70, which
means a steady increase of the scientific
contributions to our Annual Meetings. The
presentations and discussions deal wj.th
many aspects of the biological signifi-
cance of gravity,

Nornal gravity as uell as increasedgravltational fields can be used as a tool
to study normal physiological adaptive
mechanisms in both plants, animals and
humans. The importance of gravity inter-
acting lrith other environmental factors
to control the physiology and rnorpho.Logy
of organisms is still largely unknoun. We
are now able to manipulate the force of
gravi.ty from lts nolm dora'n to the zero-G
state. In alue coulse, we wilL thus be
able to find answers to guestions uhether
e.9. fertilization and early development
can proceed normally nithout the other-
wise constant and prevasive action of the
nornal force envirnoment. What is the
role of glavity in reproducti.on, matura-
tion and evotution? uany of the presenta-
tions here i,rill deal with these and related
questions, and it is only natural that in-
terest will center around the role of
weightLessness and j.ts physiological ef-
fects. However, sone of the presentations
here rrill deal with the other extreme, thephysiological effects of increased gravita-
tional force and the reriarkabLe abilj.ty of
the human organism to withstand sustained,
extreme G forces.

It is proper on this occasion to ack-
nowledge the effort put forth by Professor
Gazenko and his staff in the local organi-
zing colurittee toward rnaking this Meeting
a success. We especially appreciate the
thoughtfulness spent on the organization
of the scientific program and various
workshops, which I am sure will greatly
contribute to faci-litating the scientific
exchange. Last but not 1east, much apprec-
lated evidence of the gracious hospitality
shot n to us by the Local organizers are
the excellent meetj-ng premises, interpxe-
tation facilities and other arrangements
made for our convenience.

The Proceedings of this Fifth Annual
Meeting of our cor,mission vrilL be publish-
ed in The Physiologist by arrangenent \{j. th
the American Physiological Society. Finan-
cial. support for the prepalations of the
Proceedings has been kindly prov.ided by
the US National- Aeronautics and Space Ad-
ninistrati.on. So far we have been able to
publish the Proceedings of all our previ-
ous Annual Meetings within a few nonths
of the event, and lre will do our best to
naintain this good tradition.

I would like to conclude these re-
marks by extending, on behalf of the Com-
mission, my sincere thanks to a.Ll speak-
ers and their colleagrres who have expend-
ed time, money and effort in the prepari-
tion of their papers. I{e feet that this
Annual Meeting has an excellent represen-
tation of the many apsecLs that forh the
substance of gravitational physiology. It
is our hope that all of you who have come
to Moscow on this occasion, !,i11 find
this Meeting as enjoyable as I .un sure it
wiII be for those who are hele as repre-
sentatives of different organizations, be
they sponsoring' supporting or othen ise
cooperating.

H. BjursLedt
Chairhan, IUPS Comnission on cravitatiooal physiology

Depaltment of Envlronmental physiology
Karolinska Institutet, Stockholm, Sweden
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PIONEERING 1N GRAVITATIONAL PHYSIOLOGY

GEBALD A. SOFFEN

DIRECTOR OE LIFE SCIENCES

XATIOTIAL AENONAUTICS AND SPACE ADHIIISTRATIO}I
llAsllrllcroN, Dc usA

lle are at the frontlerl

Gravibatlonat physloloSy 18 ln 1ts lnfancy. This
Is essenti.alfy because of txo facts. The first ls
lnaccesslbility to rrelshtlessneas unt1l recently.
To understand the irftuence of the force of I on
biologLcaL syEteos, j.i Is necessary to be able
to alter and reoove the force. In the last feu
years ue have begun to perforo sooe experiEents In
varlous g f1elds. tle are rlor 8a1n1n8 the
laboralory oeeded for understandlnS'

The other probled is that the influence of 8 on
blotogy Is ofben veay subtle; sooeti-nes concealed
or oitj.Sated by coDpensati.ng physioloSlcal
processes. To observe these chanSes either at the
,hole organlsd levet or at the cellular level'
requlres hiShly reflned technlques and carefully
pLanneal experloents. These technj.queg are Just
nov. beinS devetoped. lle are still in the
exploratory phase. Sln81e definltive experl$ents
are rare. Understandabl.y, thi.s is the nomal
couase of a science at i.bs beginnlnS.

Hhat do xe know?

Gravity affects bioLogy at alnost a1l Levels r,ith
the possible excepti.on of the cheolcal and
biocheEical levels shj.ch are dooj.nated oore by
lonlc forces, osBotlc prsssure, diffusj.on
rales, gurface lensioD, hydrogen bondlng, alld
siollar strong ultraolcroscoplc lnfluences. For
anythLng at the ceLl organell,e level or larger,
the I vector j.s expected to have sooe influence.

Partlcl.es ln liqulds at the coLLoldaL size arld

bel,or are lloae lflfluenced by brolrnlan ooveEent,
r{hLch ls i.hy they reoaln in suspensLon. An

inte.esting ldea ls that olnldal celt slze is
deternlned by the ablu.ty to sense I 8. In
Detazoa rDost ce113 are betrreen 10-50 nlcroDs.
Does I I dlctate thls slze ranSe? In bhe

bloloSlcal HorLd bhere are llany events takiilS
place on structures larger than one dicron. Thls
is the real.o of aronth r and structure of tlssuet
and of organ function. This size of structure
lnfluences hydrodynabics, balancer notlon'
extension ald retaaction, behavlor' alld soclal
patterns of atl larSer orgallsBs.

lrslng centrifuges, clinostats, lnverted
preparatlons, Iinear devlces, Hater ie[ension,
free fall, and j,rl so6e cases ahort and lonS-terD
spacef1l8ht, $e oorl have sooe SeDe.aI ldeas about
the influence of Sravity on the physloloSy of
L1fe, and lrhat questlons shotrld be lnveatlgated.
llhen conslderlnS the question of Sravltational
physloloSy, there are txo ootivatloDs, one 1s
practlcal or applied, and the other oore
fulrdadental or basically scienbi.flc,

The applied fieLd deals oostly uith bhe health of
the huEan creB-oedbers or thela food and nutritlon
in spaceflight. To j.Il,ustrate ho$ these
fuodadeotal. and applted probleos are lnterlhked,
I lrould llke to consider a unique but not
lnpractlcal probleE, We have flown over a hundred
people in spac€ at varj.ous Ievels of nlcro g, and
perforoed thouganda of experidents at hyper g for
varylng porlods of ti-oe. The huDan 19 not
fragile. He ls uell-englneered to endure
3paceflj.ght, adJusts to the changes, the fluid
shifts, central nervoua systen accoooodatlon,
Eetabolj.c adJustdent, and perhaps even
accomplishea Bj.neral loss surpresglon. We have
seen relatively IoDg perlods (2U days) at lor 8levels. However, beyond a feu I for a short
perlod, our EysteE cannot adjust to hlSh 8 forces
without extenglve counteroeasures r It ls clear
that a person traveling near or at the planet
Juplter could be io serlous trouble. Thls ralses
the question of the Llnits to the size of
orSaoislllr that cao exlst as related to tbe g ofthelr partlcular planet.

l{e have redrood trees that Bror to a}Eost a
hundred Betera. Are they llDited ln their slze by

Bj.olo8lsts have long been aware of the trobvious
signsn of reaponse to gravlty. Jusb a century a8o
Dat1iln extenslvely used the terE geotaoplg@,
apogeotroplao, and dla8eot.oplsE, and devoted the
entire Chapter X of his classlc poirer of MoveEeat
in Plants to thls subJect. The iEportance of tbe
vestlbuLar systeo j.n the vertebratea as an organ
of balance goes back to the anatonists of the last
century. Response to the dlrecbion of gravity in
soDe lower aninals sas established long ago.
HoHeyer, today dost fundaoental questions stiLl
reoaln unans[ered.

FroD sl-spLe calculatlons, it can be shown that
structures at the olcron slze range or above nay
be lnfluenced by the force of B la the
conventional tlDe dloenslon of livlng creatures,
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the I of the Earth? ThLs 1s stlll an unansue.edquestion. Is the slze of anlnals liDited by the
foace of g? Ie certalnly knoB of very large
aquallc anlEaLs, and have evldence of the glant
Iand drelling reptlles of the past, the dlnoaaurs.
The slze of these creatures l{as II-Eited oostly by
teoperature and food supply. But llhat are the
lleitatlons lEposed by Eravity ln perdittlng an
anIEaI to bear 1ts rel8ht aad retaln lts oobil,Lty
and nutritlon. Thls area of evoLutionaay
bi.oloSy as dete.ained by gravlty, has been a
fertlLe area of study, enhanced by fleld
obsorvablons, but 1ts solutioo ls liElted;
conventlonal laboratoay experlDentatlon ls not too
useful.

In the experloents and obaervations that have been
r0ade 1! plants and anioaLs ne know that belolr the
leve1 of the {ho1e organlsD there are cooslderable
changes, In plants the EaJor change ia in the
groxbh cycle. Sotse changes i.n leaf epinasty have
been observed in weLghtlesgness, but not
sufficient to swgesb interference {lth the no.oal
functlon of the planisr physiology. During
developBent there are extraordinary chanSes in Lhe

fornalion of roots, steo Le!8th and diaoete'' and

internodal elonSatj.on' Leaf size, flo{er' and

fruLt denenslons are all Iikely to be influenced
by a chaDge io I during ihelr Sroxth periods'
Experioents have been dooe that suESesE sooe

diiferences aoong the plant species' but not
enough to understaod the underlyinS dechani'soa'

In the laboratoay ,e have learned soEe of tbe
dynallcs of the processes of respoase to the g
stiEulus. R. Bandursky has detoroLned that th€
curvlng groirth of a plant can occur 1n as short as
5-10 Elnutes ln zea oays, and reach ttE oaxioul
rate ln ooe hour. FeldEan has recently shor.n that
the roots of corn seedllngs groun ln the dark are
oot responsj.ve to changes in gravity, hoxever,
brlef flashes of ll.ght r11I trigger the bendlng
paocess. The blocheolcal processes of plants do
not act independeot of oDe another.

The Eediator of bhls g.avity sensitivlby are
becoEingcorn, has been studylng the dlfference
between the effects of auxln and that of absclslc
acid. Appa.ently the auxln effect is gravltroplc,
but oot the absclslc acid, Further studies bythls investigator sho{ed that theae are asynetrlc
Sradiedts of protons and caLclu.q ions thatparallel the grorath patterns of geotroptso. Thls
iopllcatlon of calcluo gaadient in the root tip as
the oediator is an loportant idea, and suggests
ner, oethoda of sloulating reLghtlessness, In
another Laboratory, that of Hayes, it has been
sholrn that the blade of the Leaf is the part that
sonses gravity. She further sho*ed that auxin
regulates and affects tbe pul.vlnus of the leaf
by regul.atia8 the ethylene producLion.
Auxln-j.nduced ethyl-ene synthesis appears to be bhe
Link bebxeen blade perceptlon and leaf angle
aesponse to gravity.

The aEyloplasts rrhlch extst is speclal senslti.ve
cells cal.Ied statocysts have been studied by
Galston and also by Leopold. Dr. Calston has
aucceeded in lsol.atlnS the cells ln a viable
condition and studied their fa]I as vertically
Eounted under the dicroscoplc. Dr. Leopold has
deteroined that the aDyloplasts have a net
negative surface chaage. Usin8 ion technlques and
fluorescent indlcators, he detemlned that the
calciuD is bound to the charge shell around the
aayloplasts. Here aSaln cal.ciuE lE linked as bhe
dediatlng 1on. Leopold theorized that the
settlint of the anylopl.asts redistri.butes the
caLclut! t{hlch oay be the basic sensin8 aoechaniso.

Peter Kaufoan is studylng the tonoplast. Thls 15

a vacuole oeobrane. It surrounds the starch
statolith at bbe bobtoo of the statocyte' He has

establlshed a direct proof of the i'nteraction
bet*een the free floatlng statol'lths and a flxed
cellular coDponent. He 1s a19o studylng the
extensLve activlty of the statollth on the upper
and lorer side of the pu1vinu9. The Lo,er
siale has a hiSher esterase activity consi'stenb
$ith the patternE of Sravity response'

Lastly, Hoshizaki has succeeded in a seed-to-seed
deoon;tration of a plant (arabldopsis) Srom on a
clinostat. 8e learlred that C02 and Eoisture
control are cri.tlcal for ihe success of thls

lflfllilfll' 
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being tested.

The iole of litnin 1n protej.d aynthesls oay be
ldportant if plants are to becone an iaportant
aEino acid sollrce for extended f1lght.

An experinent caLled the HEPLEX (Hellanthus Flt8ht
Experi-oent) ls planned for an upcoolng fllght
(Bro!rn). An englneering test ras perforned on
SlS-3. Thj.s l.ill be used to study the .eductton
of clrcuilnutallon in ,elghtlessness. The sludy ls
to valldate the clinostat as a tool for tbis ktnd
of work.

Presently r,e are enterlnS a phase of extend€d
travel at hypo I for huEaos ln lon Ea.th orbi.t,
and only brlef perlods of hype. g during 1aunch
and land1[8, Eyen on an extenslve trlp to land
huBans on Mars or 1ts satellites, the crgH irill be
6ost1y exposed to hl.po g. A trlp to l{ars, rrhlch
18 likely to b€ doae by the end of this century,
ej.ll 11kely take three years, one year of travel
ln each directloo, and one year at the pl.anet,
xhile the celegtial oechanj.cs are aLigned for the
return trip. the Sravlty on Mars 1E .{8, bet'Ieell
the gravlty of the oooa and bhe Earth, so there
w1.11 be no udusual g force that lre have noE
experiencod. Hoirever the 6uch longea durati.on
requlred than any lte have experienced could resultln unforeseen physiolo8lcaL probl.eEs. Hith the
Sovlet data froD tbe recent 211-day DIssIon, it
certainly appea.s plallslble that such a trlp xlU
be oade ln the next 20 years. l{ith the Viking
data, re nox knou hor, to land on Mars. The
technlcal probleEs of thi.s oisslon oay be nox
eithln our grasp. llill there be sone nation o.
Sroup of nati.ons, that siezes the opportunity?

In the next century ne 1li).1 see huoans travel
throughout the aol.ar systeD. Extensive travel in
space at hyper 8 veloclty xill have lts own tioe
of invesbiSation, and the practical probleos
Hj.IL be differeot froo today,

DurinS last year, bhe US has flown so[e plants on

STS-3. Pj.ne seedlinSs' oaEs, and Bung bean

seedllngs rere floro for several days Lo obsetve
lignlfication (coles). ceneral'ly the experioent
shifled that plants cao be 8.oun in gpace' but rlith
sooe effects on bheir oorpholo8y' There ilas a
{-25, reduction ln 118nj.n content' Two enzydes

that are eeployed in li8nin blosynthesis,

fllil,',lffilllilililjiljlfi:H::
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Othea investl8ators, Picard and a15o Sallsbury
have shoi.n that 1n additlon to 8 force other
stldulators aae neoded for successful natural
pl,ant physlotogy. Frlctlon and flexure a.e
oechanlcal sbr€sses tllab a19o cao change the
pattern of grorth in steos; thls Day be due to a

change ln ethytene production. Dr. Picardrs
theory of gravlEy sbl&uLatlon of c€Ils 1. that
there are deforoatlonal shlfts in the
oacroEolecules that conlrol peroeablllty of the
oelbrane to the calciu, lon. Thls rrould
result in calclun o18rat1on j'nto lhe cytosol
aSainst an activeLy cootrolLed coDcentaation
gradient. As the caLciuE concentration
rises, 1t btnds to a oodulalor proteln--ca1led
caLDodulln. Thls has tto effects' lt affects the
transport of lndolacetlc acid out of the ceLl and

actlvates a proteln that stiDulates ethylene
productlon of the surroundlng ce1ls. The resuLt
1s an actlvati.on of auxin productlon at ofle pface,
and a suppression at another place shich produces
the asyoetry.

In the anlnaL kloadom, xe have been exaoinln8 a
fex loser ordered organisosr such as splders aod
insects, for sensitlvity to Sravj'ty but Eost t{ork
ls done on tsa@alian pieparations. Finch 1s
studying the lyriforE orga! on the 1eg of the
spide. i.hlch appears bo be I sensitlve. This
lnvestiSator 1s studylng cbanges in the hea.b rate
folloslng centrlfu8ation. Current theory suSSests
that the splderrs Sravlty resPonse systeB operatea
by sensinS the strain 1n thelr exoskeleton. It i3
suESested bltat there are reflex dechanlsos of the
heart nhlch respond to the I stioulus, producln8 a

bfood pressure chanSe in the Ie83. Thls allous
bhe spider to oaintain postulal hoEeostaals.

F.uit fl.les have been studled on the Cosoos fli8ht
and recently bees l{ere flosn in the Shutble. A

curlous conclusLon by Ml8ueL, coBparing the fliSht
of the tHo different lDsects' suSSests that
the bees xere unable to fl'y ill HelShtLessness,
rhereas the fruit f1les atteBpted to f1y and
through their poorLy controlled fll8ht, they
suffered ioJury dtre to the iopact aSalnst the
experldent housing unit.

Several invEgtlsators are uging a rat suspension
Eodel developed by Morey-Holton of Aoes Fesearch
Center. In thls preparation the forepaHs are
pernltted to bear nelght but not the hind par,s,
The anl-oal is suspended by varlous devices and
certaln organ systeiE, bone, nuscle, bLood
vascular, etc. are studled. There ls soEe
dispute over the rat as a sultabLe oodeL for the
study of changes 1n 6en and paloates. There aae
anatoEical dlfferences that Day cause the systeds
to react differently. Nevertheless, since
ani.oaLs ylll. be flom ln space for other
experhental purposes, tt 1s tuportant to
establlsh thelr baseline, independent of those
resuLts that slLl b€ gathered on buDana and other
prl-eates.

Blckle has done eLaborate sbudies using thls
6odel, and shown that calcluli Loss la controllable
by dletary lntake. This has been corroborated by
Halloran. Blckle followed the ti,Ee courge of bone
loss for severaf reeks aod coDpared the suspended
anloals lrith controlled organlsos. Usln8 this
saoe preparatlon, and studylo8 the histology, Doty
has deterEtned that the surface osteoblasts and
flbroblasts 1s the slte oost affected by the
non-HelSht-beartng condition. Electro!
dlcro8raphs rev€al a reductlon 1n the

cooEunlcatlng Junctlons betseen adJacent cells'
The periosteal. flbroblasts apPear to be absorbing
the col-Iagen flbers of lhe periosteuo chan8ing
thelr Elcroanatooy. Thls co'll'd oean thal
varlations to o€chanlcal stress affects the entire
ouscleloskeletal systed.

Dunn, uslng thls sabe oodel' to study haeaopoelsls
has iound iransient chanSes ln heooconcentratlon,
reduced productlon of red blood cells, decrease in
th€ average slze of the cel1s, reduced blood
voLu6e, aneolar and a postsuspension i.ncrease io
the nu0bea of rlhlte blood cells. He notes that
thege chanSes are aII coopatlble ultb daba froo
huoan spacefl18ht. Dunn believes that this
antiortbostatic hypoklnetic rat 1s a useful tool
in {hich to study the heoatoloslca] effects of
rrej,ghtlessness .

Drs. Pace and SEith have devoied years to better
understandinS the scaling lar.s that Sovern
oebabolic raaes. They have studied a varlety of
organlsos including rats, Suidea pi8s, haosters,
an; rabblts and established thab S.avitational
loadlng very ltkely infl'uences the scal'ing of
detabotic rates. They postulate that
in r.eiShtl.essness this rill' be considerably less
that lhe classlcal .75 Poner.

Dr. Muriel Ross hag been studying the otoconia of
the saccule and Lltaicle. The c1as91ca1 vietr is
that the dense crystals add oass to the oboconial
EeDbrane ' oaking the sensory cells oore aensltlve
to linear acceleration. Dr. Ross' eloquent ultra
htgh resolutioo Dlcrographs have sho,n a very
elaborate structure in the otoconia' They appear
to be h18hly ordered coDposites of organic and
inorganic Eaterials quite dlfferent frod Pure
calcite, the crystalE oay exhj'bit a piezoelectric
effect by atterinS the adJacent field durinS
Ilnear acceleratj.on. If lhis is the case, they
6ay oot actually llove over the underlyin8
receptor area.

lle ar€ beSlnning to aee some results in the study
of Sravitatlonal effect on embryology. (eefe, sho
is Bel,l-versed io the indivldual controL
tioed-everts of the developLng rodent enbyro haa
been studylng eirbryos at hyper g, especiaUy the
developing central nervous systen. He anticipates
that at less than 1g the alterations in the
cardlovascular systeo are li.kely to affect the
forDatlo! of the pheripheral and central
lntegrating eleDents of the vestj.bular systeo. In
the upconing Cosoos flight thls is Soing to be
exa.Eined.

The achleveDent ln oanned spaceflj.Eht bas been
DaSnlftcent. Both the Uoited States and the
Sovlet Unlon have deoonstrated the huoanra
adaptabllity to Lhe i elghtlessness of the space
environDent for long peaiods, and for a rlide
variety of people. The Eost dranatlc short-tero
i.nfluenceg on the hunan are Lhe oalalse and
ll,Iness 1o the fl.st fex days resultinS froB
ootlon in space, and the changes in the
cardiovascular syste6.

The cardlovascular changes are the dlrect result
of the tranalocation of fLuids froo the lo{er
extreoities. In lorrer Sravity the blood 1s pooled
in the upper torso. Thi.s apparent centraL
hypervoleota is adJusted by the body by lncrease
in ki.dney functlon and a reduced total blood
voluDe. Durin8 subaequenl fLight duratlon there
appears to be no slSnlfiqant physiologlcal
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probleEs fron thls reduction of blood voluoe.
There is no evj.dence ooyocardluo.

Upon re-entry, the abaupt changes back to I g
resuLts ln a hypovol.uEia and a subgequent
orthostallc intoleraace sonetloes called
cardiovascular ndecondltloding.n This teoporary
lnstabi.llty can lnclude tachyca.dla, chanSes i.
arterlal blood pressure, narro[ pulse pressure and
sylrcope! The results can be partially coEpensated
by intake of IsotooLc fluids prlor to entry. Thls
paactlce appears to elevlate those probled.s.

The probleEs deall.nS {tth the vestibular syster0
are oore @urifest. lle have observed sone degree
of llloess in half of our cremrenbers during the
first feir days of spacefl.iSht, This conatltion ire
have cone to call space adaptation syndroEe. ft
conslsts of severaL symptotls r{hich oay lnclude
anorexla, palor, nausea, tralaise, sreating,
headache, and voolting. Not atl iU. crexEeobers
experience all of these sysptoos. Based on our
Saound tests, tle find very poor correLation trhlch
allon us to predlct llho i{iIl develop sydptoEs 1n
space flight. One coEmon idea ls that 1t 1s
accodpanj.ed by head Eove[ent and postural changes.
By the lhj.rd o. fourth day in fll8ht alL
syEptorlar appear to be goae aod accoooodation is
cooplete. Tbe current theories center around a
sensory conflict t{ithin the central nervous
system. lncoolng signals froE the visual,
proprioceptlve, postural, and vegtibular systens
are not properly reconciled rlthtn the bra1n, and
the body exhiblts a characterlstic nrejectiontr at
a prioitive level. Sooe neurophysioLoglsts
believe that fLuid shlfts or anatoBlcal assJmeLry
contrj.bute lo the changes and iBbalance. l{e nor,
knolr tbe problen ls coruoon. Ie do not understand
the physloLoSical basis.

Another dj.rect observailon in hudan space fllght
is the loss of bone dlneral. t{el8ht bearinS booes
Iose nj.neraL at sonethlng like U per oonth. It
is atill unclea. if this san be controlled by
dietary lntake. Excerci.se has been tried as a
counterBeasuae, and appears pronlglng, but as
stated before, we do not understand the process,
and so our Deasureoentg are still uorefined, lle
also do not knol, if i.t continues or ,.9
self-li.oltlng,

Lastly, sonethlng oust be sald about radiatioo.
Inslde the protection of bhe Van A1lea belts ne
feeL qulte safe f.oo the lnvlsible effects of
radlatlon. But radiation hazard still reoains the
tlost serious hazard foa lnterplanetal'y
spaceflight. The probleo is Eostly daoa8e frod
high energy hlgh crosa sectional partj.cLes kllotrn
as HZE. Shleldin8 against thls radlaticn ls very
flnlt€d o.board todayrs cl,ass of spacecraft. l{e
have L1tt1e uoderstandlnS about the nature of
tlssue daDage by theae lar8e nuclei. The only ,ay
tbat re can siEulate this kiDd of enerSy is in
Large acceleratoas.

What do rle need to Lror.?

Starting froe Lhe rDost baslc question re ireed to
kno{ the anseers to these general questions. As
is alfays true, each questlon ].eads to another
question:

1, Hhat are Lhe funda[ental senslng systens of
Sravity, e.9., halr cells, starch Brains,
EeDbrane deflectlon, piezoelectrlc eff€cts?

2. liow do these sengors rork?
3. flo$ do they Eedlate thei. sl8nats to the

rest of the organlsn?q. How do these systeos develop
eobryological.ly?

5. Hos did they arise evolutionarLy?
6, t{hat are the physloloSical (or anatooLcal)

consequences of chaoges 1n g, on rrhat tlEe
scale, and to uhat dagnltude?

7. Hora does the organlsE coopensate for the
changea to hpo and hyper B?8. Are the changes reversibl.e?

9. llhat countefioeasures carn be eopLoyed or
developed for the safety of hunan
spacefllAht?

10, Are there changes 1n 8 that can be
benefici.aL to livlng orSanlsos? (We tend to
thlnk in teros of the negatlve aspects.)

fhat 1s NASA'S future prograE?

Fro6 oy perspective, alrDost a1l of NASAT3 prograB
is Llnked to EravltatlonaL physlology. Most of
our res€arch work has been done in ground-based
laboaatories, In recent years, rdith access to
spacefliSht lilnlted only to the Sovlet CosBos
olssions, re have used the tL6e to alevelop our
Sround-baaed laboratories, our theories, and oua
techniques. Models and nethods have been strongLy
supported.

tlith the advent of the successful Shuttle, ee can
nor resuoe direct experinentation in space fllght.
The early Shuttle missions have been lieited, they
have beea Eainly operational test fl.j.ghts, but now
se have an opportunlty for an j.ncrease Ln
biological and biomedicaL experlroentation. This
fa11 (f983) the European Spacelab I uitl be f1or.n
xhj.ch xiII lnclude a rich coopl.ellent of life
sclences investlgatlons. 0n thls Spacelab
series Spacelab 2 has sooe plant experioents and
aooe lnvestlSations 1. biochenistry. Spacelab 3
(1984) iB about 50t cotuitted to life sclences.
It $11I carry a fuII coEpleEent of rats and
prioates. our philosophy 1s to learn to fly
noroal anioals and assure ourselves of Sood
basellne physlolo8lcal data before any
experirentatlon. Spacelab 3 $lLl have 2q rat3 and
l.l squirrel oonkeys r.lth enough oonltorlng to study
the oontrolled nor'da1 anlnals.

gith Spacelab !, I.e plan to have our flrst
biodedlcal Blssion. Thls {111 conslst of 2q
j.nvestiSations in neurophyslology, cardiovascular,
pulDonary, renal, endocrlne, haeootology,
lmunology, Euscle, calcluo oetabollsD, and
blorythos ln aninals and huEans, soBe plant
oxperlBents, and an experiEent 1rl aophlblan
eobryology.

our pLan is to develop a standard gpace blooealj.cal
Laboratory tbat can be fLoi{n on the Shuttle at
about '18-oonth lntervals. The equipEent rLl1 be
developed as a standard core used froE olsslon to
oiasioo, lJe si.1L lovl,te xorld-elde partlcipatlon
to asseDble the best physloloSical teaDs of

s-o

other changes 1rl the huoao crewneober include
ouscl.e loss, he atological and i@ununogical
changes, lonlc and fluid shlfts. These are less
debilj.tatlng, especj.ally in short-terE fll,ghts;
horevea, rheo ffi8ht duratlon is extended beyond
todayrs record 211-day fllght, it nould not be
surprj.sing to see chan8es ln the physiology that
are either oore serious or, ,orse perhaps, Dot
reverslble.



scientlsts possible. Our paesent Spacelab q

dlsslon lncludes three forelSn lnvestlSations.

We are dlscoverlng a capablLlty to do sooe LlEited
sclentiflc expealDentation in the old-deck of the
Shuttte orblLer. The crew have shor.n a Eood deal
of interest and cooperation in caarying out sode
.elatively slople vestj.bular and vlsual
expealEents even on the past three nlsslons. 0n
the next BlssLon, STS-8, Dr. tJlllias Thornton,
M.D., i.l1l carry out a rathea extenalve set
of these bests.

The NASA research prograE bag receatly been
orSani.zed into tBo branches, one 1n Space Medlcine
and the other in Space Blology. Thi.s has been in
response to a strong directive to{ards a noore
peroaoent huoan presence ln space.n IIASA 1s l!ol{
planning a strong effoat for a apace staEion a9
the port of f118ht betieen Ea.th and loH-earth
orbit. The Shuttle lrill. be used dostl.y as a
transportation syste , ih1le the space stablon
wlLl be used for long-tero experloental
observations and posslbly for cooaercial
procesSing.

Lj-fe sciencea l{ill play a strong role ln
establishldS that peroanent presence. Thj.s i.ill
r€quire lruch oore knorledSe about the physlology
of spaceflight. In addition, there is the very
loportant frontier of perforrance and huoan
capabllity that Eust be explored. lle Eust learn
to oake Daxi[un use of the precious opportunity of
experi-oenting arld rrorklnS j.n oicrogravity. The
hunan passengers are our rlchest source of data.

The present US strategy has three classes of hudan
passengers. Sooe iddivlduals rill Eake a slnSLe
trip on a si.ngle 6lssj-on. These are expealDental
specialists llho are uiique elther ln daking an
observatlon or recognlzlng an unexpecled resul.t.
they oay oake a brlef trlp of a fes days or Heeks.
Aslde froo the Dedical personnef, ne xiIl Leam
least froE thls group. They eill be hlghly
varlable, with poor nedical hlstories, a.d Llttle
opportunlty for follolup. Their bra1nj.n8 1s
likely to be only a little longer than their
exposure in space. Eventually these
passenSers oay be qul-te cotmon. The f-i0portance of
thls group sill. be in thej.r varlablllty and thelr
cooperabive sptrlt in revealiog their experlences.

A second class of cregEenber r,111 be those havlng
dany exposures. Both the Sovleis and the US have
people l,ho have flor.n nuberous oisslona. The
Ioo8-tero exposure and the atress of launch and
Landing l,1I1 becone easler and Eore faoj.lLar.
These crexEenbers rlll have the occupatlonaL
records upon r,hlch ne uiII depend for statistlca.

l{e have 11ttl.e knor,ledge of accuEulated effects
faoD nultlpLe voyages.

Lastly are bhose tho $itl have veay I'ong durati.on
ln space. The USSRTs reoarkable 2u-day n15s1on
is solld evldence that the l'lolts to huoan f118ht
are stiLL unknoBn. That bold advenlure ls
reolnescent of the l5tb Century European explorera
rrho salled for $eekgr then oonths, and flnaUy
years as the Slobe vas revealed. There l.lL1 be
space travelers rho are on oissions for years
before the end of this centuryl

Froao here to there

Ho$ do we oove frots the present pro8raa! to the
Eore adbltious one needed for a space station? In
order to deal with the space adaptatlon syndroBe
j.rl a tioely way, NASA has taken a bold step
by developin8 an nlnstltllter devoted essentially
to that proble . The concept is to develop a plan
to attack, ouch as one xould In solvin8 an
englneerln8 probleo' by organlziogl lle realize
that to soEe sclentists' especially those ,ho have
yorked so Long on thig very dlfferent probfen,
this nay sound slopllstic. NevertheLess, the
virtue is in assurlnS ourselvea that xe are
applying aII possible oeans of solutlon to the
probIeD.

So far, our plan as ederging has five frolts. The
first j.s in selectlon. l{e Hill haYe a Sroup of
people xho rli.Il expLore correlatlon' new kind of
teats, statistical approaches or fhatever Eay seeo
approprlate for better predictlon. Thj.s rI111
not be used as a selection criteria. We flnd that
to obbaj.n cooperation of the astronautsr they nuat
not see the reaearch as a threat to thelr career.

A thlrd front involves the use of psychological
techniques for surpresslag the effects.
Biofeedback 1a one such oethodi autoSenic
practices aae becolllng rDre cornEon these days ln
controLLin8 syepathetic and parasynpathetic
physlologlcal reaponses, such as controll.lrl8 blood
pressure. The US Air Force has used these
techniques successfully in overcoEing air slcknesg
i.o trainlng pi.lots. one of the astronauts ill1l be
tralned h this bechnique on an upcoEing f118ht.

A fourth front ri.l1 oake use of tests or
experidental procedureg perforoed in flight.
Hhlle the schedul.e of the creudeDbe.s ls
usually heavj.Iy occupled, th€re ls often titre left
for perfording short-terE observatlo[s or tests.
Taken to8ether these represent a great opportunity
for us to learn rapldly.

The last front (one used rrhen all else fails), lg
to understand the baslc physlology. The probleD
of Dotlon slcknegs is not oer. It ls a very
dl,fflcult probleol We oay be very fortunate, andIt oay be tractabLe. Or li Eay reslst solution
untll Be coopletely understand the nervous systeD,
uhich j.s a Long tire lndeed. lle antlclpate that
rrith thls nei, effort re wlll, certalnly see an
accelerati.on l.r! our understanding.
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NASA appreclates our pa.tlcipatlon in the Soviet
CosEos Dissions. It has been the backbooe of oua
fli8ht progran. tle also appreclate particlpatj'on
j.n the upcoDin8 Geroan D-1 olsslon. uS scientlsts
collabo.atin8 wtlh their ESA colleaSues r.ill be
conductlng ioportaat ae'.rrophyslological
lnvestlgatlons using a hu6an sled developed by
ESA. our colleagues of 8SA are in the procesa oF
developing several other opportunltles that rre
hope to share. France and Japan have shom a very
active lnterest in llfe scieoces ln space, and Ey
intentior 1s to help and stinulate afl efforts.
our experlence telLs us that the nore Life
scientigts we carn recrult, the oore l{e oay catch
up wlth Ehe probleEs, and the faster we can
understand our subJect.

The second front {1I1 be searchlnS for bettea
dru8s. Bith the recent advaoces 1n pharaEacology,
lt is very Likely that rre can idlp.ove our
treatoent, especlally the side effects prob1eDs,
by developEent of better drugs. Most of our
advisors belleve that bhls is the Eost prooisi.ng
route. The IIS pharnaceutlcal lndustry !ril,1 be
recrulted to thls purpose.



Our strategy 1s to apply stron8 steady pressure,
attract the uorldis begt talent, contlnue to
reflne the quegtlons, contlnue to gathea clata,
bull.d a set of ollestones for tests, ansseas and
opportualties. Froo this Instlbute, thls problem
rlII becooe a focal polnt for a congtant stread ofgeolnars, co[ferences, new Ilnes of sndeavor,
tests of new ideas, rapid reportlnS of fliaht
lnforDation, and 1t nlII be ralsed in the
constenceness of oany ll,fe sclentlsts as ao
inpo.taat practlcal. probleo that needs rapid
soLution.

our other blooedlcal probleEs lr111 be gtudied in
tho style oore fa.niliar to ug, as ire havo in the
past. The othe. problee.s assoclated eith
cardi-ovascular changes, fluld shlfts, Euscle
Ioss, bone deolneral lzati.on, blood alteratlon,
radiatlon protectloa have a Longer tero of
solutlon, The obvlous urgency assoclated r,lth
space adaptatlon syndrooe ls because of loss of
preclous tlEe durlng the short-terD d.ssions.

one last aaea of space nedlcine thaL deserves
attentlon is that of pe.foftEnce and capablllty.
Pr€sently ee are exaDlnln8 the effecls of
spacefllght on work/rest cycles, clrcadlan
rhythns, alld psychoootor perfot'oance. Our prograo
explores various aged people, and the effects of
nutaltion, Dollyatlon, and group coDposltion.
This area 1s regarded as extaertely inpoatant,
because of the long tloe for establlshing
concluslve results, aod the difflcultles of
experlnen tation. In the near future xe plan
to develop a plan of actlon to better organlze and
assess our needs as tle approach the long-tero
per&anent presence in space.

The bloloaicaL sciences

The NASA BlologicaL Scierlce Eranch lncludes four
proSralls: space BioIoSy; a prosraE to devel,op a
controLled Llfe support systeD; clobal Btology and
Exobi.ology. These seeor.ngly dlsslollar efforts
are aII tied by a co@on ldea. They deaL nlth
Ilfe at dlfferent scales, but al.L are influenced
ln soDe iray by SravltatloDal physlolo8y.

The questlons posed here aae:

Earth can only be understood as an integral part
of the shole eovlronoent.

0n the global scale gravity plays a critlcal role
in the various biogeocheolcal cycles. It
deterDj.nes turnover rabes for sooe nutrients, it
delerdines the rate al $hich our atloosphere cao
escape. oua oceans are ooLy here because Eaath
hag a crltlcal oass lbat holds on to our
atoospheae. There is a dyoaElc interactlon
between the blota and the non-biologlcaL coopetent
of the Earth. The nodiflcatlon of the envlrondent
occurs as a di.aect consequence of Iife; and
conversely the envlronoent deterBines the nature
of Ilfe on the Earth. This coEplex feedback
systeo tlay sooeday be undergtood.

At the orSaolso scale eophasis is pl.aced on
undersladdlng hora llvtng systeos adapted to
varlous evolutlonary forces, egpecialLy
Sravity. Understandin8 hoe gravity shaped the
developoent, forD, and functlon of life requlres
our knorledge of ils perceptlon and aesponse.
Slnce Earbh has oaintained a relatively constant
gravitatlonal force of 1g throughout iLs hlsto.y,
our access to space is a poeerful approach to
oanlpulate or effectlvely rerDve the g vector as
an envlronEental, paraEeter and thereby lnvestlgate
the effects on organetl.es, lndivldual organlslrlr,
and popul.ations.

OnIy 100 years a8o, (onstantin Tslolkovsky, the
genius and father of Rusaj.an rocketry, rrote:
nThe earth is the cradle of hudanity, but ttanklnd
irill not stay ill the cradle forever.n

l{e are out of the cradle,
tle have falLen dol{n a fen titres,
l{e are sooetines crying, and crar,llng

pretty r.eII.
Now r-t i,s tloe to stand up and take our

first steps.
The nee hei8ht rlll glve us nel.l and

better vLsion.
our coofldence t,iLl suddeoly lEprove.
But ooat of aLL, our lot€nse curloslty

r11I percelve a {hole ner, vlet{ of th€
iorld and the cosoos.

1. Hor, dtd llfe origlnate and evolve on an
evolvinS planet?

2, Hoe has llfe adapted to the chenlqal and
physlcal conditj.ons of nature?

3. Horr does llfe aLter the envl.onEent?

the unifylng prlnclple i,s that the physlcal arld
cbeolcal lawg that Eovern the unlverse also Sovern
the dynaoics of llfe. We can stlldy llfe and its
environoent at the SIobaI or at the orSaniaoaL
level. Co@on to both of these is the life
requiaeEent for energy, edvlronEental forces ,h1ch
lnclude Bravlty, and the prlnciples of naturaL
selectlon and evolution.

As part of ihls te lnclude the study of prellfe at
the cosolc scale and the foroation of the biotenlc
elerents. Factors Iike DaEs, density' dlstance
froo a star are crltical paraEeters for any
planet's potential for btogenlsis. These dj.ctate
the qooposltion of the prlDltive abDosphere, the
surface eLeEents ' the avallable energy, and
posslble subsequent organlc cheolcal reactlons
bhat inltlate the process. once Llfe ras gtarted'
evoluti.oo and diverslflcation of species rrere
do[inated by the envi.onDental factors. Life on
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HORMONAL AND I'4ETABOLIC RESPONSES TO SII4ULATED WEIGHTLESSNESS

A, G[]ELL, CL, GHARIB, J.L, BASCANDS, A. BES

DEPARTI4ENT OF NEUROLOGY - CHU TOULOUSE RANGUEIL
IOULOUSE - FRANCE

It i.s presently well known by all authols
that periods of welghtlessness cause inportant
netabolic and hotuonal rnoaliflcations ln 6an (1,18) ,

this is the oost import€rn! consequence of ttle !e-
dlstlibutlon of blood nass and of the olganlc
flulds toeraids the tholacic and t}le cePhalic re-
gions floD the lower part of tie body. An loploved
understanding of tlese phenom€na shouLd allot, IorI-
ger stays in ,eightlessness.

On earth, it is lDpossible to recreate the
absence of gravlty : however, celtain conditj.ons
such as plolonged horlzontal or antiarthostatic
bedlrest o! lEnelsion can allow us to obtain, but
to a lesse! alegree, a siDilar redistributlon of
the organic fluids.

The first studles in bedrest were perforDed
betueen 1920 and 1929, in the United slates by
CAIPBELL (3) and CITIrBERSON (7) who \,rete investi-
gating the effects of bedlest on Euscles, bone
and nitrogenous conpounals. These works were inter-
rupted and only iestarted by American teaiss after
1940. The first Russian publications aptreared
aftser 1953 : they vrere done by CIIAZOV (5) about
problems of antlcoagulation capacities and by
KAKURIN (15) about the effects of 20 days of hytr o-
kinesia on the Doto!, circulatory and respiratory
systems, Because of the simplicity of t}li.s netho-
do1ogy, the bedrest studles have become frequent
(table 1). Over the past 15 years, a new experl-
rentaL methodology has appeared : it conslsts in
placing the subjects not only in prolonged bedlest
but also in antiolthostatj.c position (head-down) ,
the incLlnatlons !.arying from -2' to -15' accoldlng
to the authols (table 1).

As to lDnelslon, and lre will only Dention the
ienerslon experLdents wlth the head above l,ate!,
the for lunner was the Plofesso). otto GAUER (9)

who studied the neuro_endocrin control of plasma
voluDe and who describeal the retlex which carrier
hts nane (table 1).

The alrn of thls present report is to do a

Synthesls of the homonal and netabolic resPoDses
to sinulated weightlessness and Dore speclfically
of celtain paraEeters whj.ch particiPate in tshe

regulation of the blood volune : diur€sls, heDato-
clit, Na+, Plasma Renin Activity, aldosterone,
antidluretic hormone.

llornonal and netabolic
l. Diuresis and natliuresls
The majolity of authors describeal a signifi-

cant inclease in the diuresis durj.ng the bedrest
experi:nents (11,13). That diuretic fluid loss
appears during the 48 first hours after the begin-
ninq of the experaiment. Concer'ning water imnersion
(8,10,20). tshe diuletic lesponses is iE]nediate :

GRIGORIEV (14) descllbed the persistence of this
phenomenon during a prolonged wate! j.mnersion (55

days) expeliment. At the same time of this diuretic
fluid, thele is a declease in the interstltial
voluoe durlng the first days of horizontal or anti-
olthostatlc bedrest studies.

It is classical to observe a slqni.ficant in-
clease in the Na+ excretion duri.ng the experitlents
of bedrest or ironelsion (8 , 10 , I 1 , 1 3 , 20 ) . Thj.s in-
crease appeals classlcal,ly during the first days
of the expelirients, however a lalge nunbe! of
authors observed a negative Na+ balance throughout

Experi,oental methodology Bedrest o!thostatism Water imnersion

NuDber of
subjects About 300 About 300

24 hours

1"""

24 hours I hou!

Duration
+

180 days 56
t2t

P!incipal
teaus

Sandl.e!, Kakurin,
Greenleaf, Parin,
Vasilyev, Leach

Nixon, Volicer,
Blonquist, cligoriev,

Gtre1I, Convertino,
Cauer, Graveline,

Epsteln, Grigoriev,
SklpkaKakurin

Table I. Hormonal and meta.boiic studles duli.ng wej.ghtlessness simulation expertments.
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2 or 3 $,eeks of bealrest stuilies. This increase in
Na+ excretion is a response to the hypovoleDia
provoked by t-he loss of fluid via the kldney.

2. Hehatocrit
Blood analysis sho*ed a signifj"cant increase

of heaatocrit 1eve1 1n t}le two types of experi-
nerlts (bedrest and lrmel.slon) duling the fltst 48
hours. This increase valies froB 2.5 I to 10 t
(21). Increaseal henatocrit evidences a declease in
plasma volune (11) .

Thls lncreased of the hebatocrit is nore
signiflcant during irmers.ion experinents than be-
drest studies (19).

3. tloroonall clalrges

As we have seen it appears that there are
iDportant differencies arnong the dlfferent autlors
specially concernj,ng th€ hormonal variations. We
believe that thts diversity of resul.ts is due to
Lack of standardisation in the past lras maling j.t
exttenely difficul-t to compare and therefore tso

rnal(e opliBal use of the many bedrest experlDents
already carlied-out- The protocol varied as regards
subjects (aqe, sex, trainlng), control values,
duration, neasurerDent tiDes, externaL tedperatule,
lrate! teoPerature ...

We thlnk that are of the most problero is the
control value : the question is : r,rhat 1s the best
basal estate ? Several interesting j,deas on con-
tlols were put forward, duting the Workshop held
in Toulouse {ttarch 1982), including :

begln irlthin 30 ro.Lnutes after the beqinnlng of the
study.
Dlscusslon

ConceEning hormonal system iDplicated in the
blood volune tegulation (Plasda Renin Activity,
aldosterone, antlduireti-c horoone), tiis results
seem Dore heterogeneous princj.palLy duting bedrest
experirDents (tab1e 2).

Experieental
Dethodology

Duration of
lhe experiDent Principal results

volicer ( 21)

Chavarri (4)

Nixon ( 17)

BloEquist (2)

chobanian {6)

KeiI (16)

ctetl (12)

o-,-u',
I subjects

Or---r
I subjects

r
8 subjects

o--1-u',
8 subjects

r
6 subjects

r
git-n',
4 subjects

r

24 hours

24 hours

24 hours

24 hours

2-3 weeks

2l days

7 days

2-3 weeks

Aldosterone : Ns
P.R.A. : NS

n. n.r. I
Aldosterone I
(aftser I hours)

lAldosterone I
(after 12 hours)

tiJ

Aldosterone
P. R. A.

t

P. R.A.
Aldosterone

A. D. H.

Aldosterone

(3-4 days)

A. D. H.

It

tA. D.II.
P. R. A.

Norroally it is observed a declease of t-he
plasma aldosteroEe and pLasna Renin Activlty durinql
the flrst hours of bedrest exPeliDents, but others
authors described an increase of these values after
I or 12 hour.s. Some publications desclibe any si-
qnlficant variation.

Accolding to tls, we have described in the lst
phase, a tendency to tie decrease of the aldoste-
rone i$ plasha and Plasoa Renln Activlty, following
by a letuln to the basal values ard flnauy at
about the 3-4 day a significant lncrease.

Accolding to the variatlons of antidiuletic
horDone tluling bedlest stualies, we have noted in
llterature iryortant dlvergences. Imnersion resul-
ted in a slgnificant decrease of Plasma lenin acti-
vity, plasma aldosteLone and A.D.H. : the phenor0ena

- Experience had shown that when a contlol
group lras conflned to the facility, but allo$Ied to
ualk around, the results sholred that slight decon-
ditioning took place in the contlof group, due to
the confineDent. Control bY a confined group, cor-
rectly age-natched, was feasible.

- use of the volunteer as hls own control by
conparison with EeasuleDents tsaken in the elect
posltion as being the rcst natutal.

- An expenslve, but possible control method
woulal be to repeat the expeliDents uiti the sat0e

subjects after a period of (say) two Bonths, with
the subjecls ln a differents posj.tion (horizontaL
or incLining upwards) .

s- 10
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ln conclusion, l,le can see, that afte! stu-
dylng about 2000 subjects in horizontal or anti-
orthostatic bedrest or also itmersed in suft@1nq-

pools, a1t the problens are not resolved we thlnk
that the study of the followlnq systems with starl_
dardized protocoLs should allow us to reach a
better knowledge of the regulalion of blood volune
F endorphine systeo, kinine-kalficrein system and
natriuretic factor.
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ABSTRACT

. Ihe possible diag"am of the x0aln gene-
tic relations in the hu-@an cardio-respj.ra-
tory systeD detemj.ning fai-ntj.ng reacij.on
on orcthostatic exposure has been developedil1 this paper. This diagra& takes j.nto ic-
count orthoatati.c test resulta obtainedafter zero-g siEu].ation experioents and
space f1i.ghts. Stabillty of feed.back 1oops,presented at the diagrar0, has been consjldered qualitatively.

Experi&entaL Background
'rJater j-rulersion, combined vith anti-orthostatic hypodyra.nj-a vith tilt angle -5oat nlght tine, was used. for the sioulatj.on

of physiological zeto-g effects. ?he ortho-static tolerarce was studied after the T-
day sinulated weiehtlessness. Ventilation
ard puL-nonary gaa-exchange Bhifts were con-
tinuously obgerved dur j,ng the whele perlod
of orthostatic test ( head-up ?5" tiit ),
bej.ng most notlceable in case of orthosta-
tic fainting. It makes to thj.nk of their
possible ro].e in the orthostatic intole-
rance.

These studies have shovn that postural
faintness develops on the background of the
rapid and considerable systenlc blood pre-
saure decrease, the appearance of relative
bradicard j.a alongside vith the cooperati.ve-
ly conetant cardiac output, the noderate
puhonary blood pressure reduction and
proved alveolar ventilation (tn) lr,crease.
This last factor caused markab?e diviation
in the 0^ and C0^ arterial bLood tensions
(p o^. plco^ ). '

" f6slilraf hypdrvent iJ.at ion, defined. aa
the ?^/Q ini-rease, has been pronounced
durint the.first oinutes of the orthostatic
test Hhin q ,iiminisbed while f^ was compera-
tively constant, 8nd duriag tht last roinutes
before the faiuting developDent a'hen tbe
respiratory frequency and pu.].oonary venti-
latlon (Vt.) considerably increaaed. These
data testffy to to the prominent resplrato-
ry centre actlvation and the cerebral vaso-
conatrictive centre depreaaia on the eve of
faj.atneas. l,leaJlrhile, with the perso[s that
hare good orthostatic endurance the !-C0,
increase and etabillzation have taken-plEce
after the inltla]. noderate hSlpervent ilation

period thowh Vr and tidal volu.Ee remaj.ned
increased throu&rout the whole orthotest.

The transcutaneous observation of P-0^
obtained before and postflieht in Soviet-z
Il,longol, Soviet-French lnternatioral expe-
d.i.tions and tiie 75-day fLight on the So1-
rut-5 orbi-taI stations also roay prove the
hypervent ilation devetopnent after the
head-up tiLt. In a postflight period the
described reations were indj.vj,dua].].y vari-
able but on the average more prominent.

Ihe orthostatic faintness roechanisos
have reoained urclear. ALong with it the
lack of 0, braj,n supply is coloxoonly recog-
nized as f,he direct cause of faintness.
As far as i.n ou! etudies the arterial blood
oxygenation Leve]. has renained rather high
during the nhole orthotest the decrease of
cerebral blood f].oH should be considered
as the Eain reason of fainting,
FEEDBACK DIAO{A]4

At the block-scheroe (Fig. I) the eost
inportant physiol-ogical effects directly
or i.ndirectly influencing the cerebral
blood flov are shoun. The correlations be-
tween the vari.ables are narked ,ri.th arrows.
Signs J sigri.fy the positive and negatj.ve
effects of the relationshlp j.nfLuence on
a physio].ogical paraneter. In other words'
a correlation si8n notes vhether the con-
d.itioned relation is dj.rect (+ col're]'ation)
or inverse (- correlation ) .

The presence of a negatiYe feedback in
control systeua is knova to lead to stabj'-
Lity and that of the posj-ti.ve feedoack to
a Loss of syster0 stability. Ihis nBkes us
to suppose the orthostatic falntlress to be
the ravealiation of such cardio-respiratory
system paraneters changes vhich cause the
piedonination of positive feedback rela-
iions over negative ones in sone ]oop. And
as a result, ihe given functional state of
the sy8ten becones unatable.

In aII cases of orthostatic fainting
the syncope has happened. on the background
of th; ra;id and noticiable average syste-
nic arterial Dresaure (P^) decreaBe, that
leads to the abruDt ceretral blood flow
(d, ) aiminlsnrng. In such a case as it can
hioseen on the scheme a blood circuLatloD
controt loop with a positive feedback, the
so-caJ,Ied "vicious cycIe", may occur.

s-r2
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The most effective, but the most unlikely way
of G-protection is by immersion. Immersion to the
heart'leve'l by a water suit was tested by the Ger-
mans already in the 30ths with some success (5).
The weightofthe water, however, reduced its furt-
her use in aeroplanes. The pulmonary arteriovenous
shunting was, however, not prevented by this par-
tial irmersion. Iith total inmersion the situation
is much better (6). In the 50ths tota'lly imnersed
mice were exposed to I 300 G for 60 s and survived
(7). And rat foetuses fiEy survive impacts corre-
spondinq to 10 000 G when the mother is floating
in riater (8). And unicellar water living anima'ls
may survive up to more than 200 000 G for up to 4

hours in water (7). The prob'lem with nomally air-
-breathing higher anima'ls irmersed in water is the
breathing resistance with the liquid in the lungs
and the oxygenation of the blood' lf the liquid
has the same density as saline, blood and other
tissues, the relative movements of the heart,
'lunqs, and other tissues and blood would be pre-
vented and b'lood pressure fall and pulmonary ar-
teriovenous shunting minimized. Dogs breathing
oxvoenated liauid fluorocarbon vJith a density of
l.i]-viith a great oxygen solution capacity in a

whole-body imnersion respirator have been exposed
to 7 G without pulmonary atelectasis, arteriovenous
shunting or dovmward diiplacenent of the heart (6).
Even if this method should be very effective to
protect against high G-forces, the practica'l appl i-
cation in human Pilots is far away.

Another very effective way of increasing G-to-
'lerance is supine body position or at least in-
creased seat back angle. I'lith more than 750 seat
back anole the G-tol;rance is doub'led (9, 10). The

Pelvis ind Legs Elevating Seat (PALE) also increas-
es the G-tolerance substantia'lly and G-levels up to
l5 G are acceptable (11). Due to technical diffi-
culties with for instance the escape systen, the
instrument display and also with vision the PALE

system or supine body position is not introduced
yet, But if high performance aircraft will fly with
higher G-loads than today these systems probab'ly
have to be used. The diminished blood column dis-
tance between heart and eye/brain is a method used
already by the pilots when taking a crouching posi-
tion durino G-nnneuvers and it increases the G-to-
'lerance soiewhat (12).

its side-effects. New vasoconstrictor drugs with
less side-effects night, however, be tested in the
future and show up to be of va'lue to increase G-
-to'lerance.

The since long time used anti-G-suit renders
the pilot a good G-protect'ion and it has been im-
proved with preinflation, and with faster, more
physiological , filling (13, 14). There are reports
of that sequential inflation of the anti-G-suit is
beneficial to the pu'lmonary capillary blood flow
(15), but the effect on G-tolerance seems to be
more disputable,

so called M1 or L1 straining maneuvers, is also
very effective to'protect against high G, when per-
formed correct (10, 16). },Ihen they are performed
too slow the result may be a blood pressure de-
crease, due to reduced venous return! finally re-
sulting in a loss of consciousness. l'lhen performed
too faat, they may cause hyperventilation with hy-
pocapnia which a'lso will result in a decreased G-

-tolerance. Therefore they have to be performed
with straining in about 3 s and with a rapid inha-
lation phase and combined lrith peripheral muscle
straining. Indoctrination and training of these ma-
neuvers, preferably in the controlled and surveyed
situation in a human centrifuge is therefore essen-
t'ial. Training at 1 G level may' hor'{ever, cause too
high blood pressures and might possibly be danger-
oua. The possibility of a rupture of the round win-
dow in the middle ear during the Valsalva maneuver
should probably not be taken too seriously.

The combining of the mentioned techniques may

increase the G-tolerance still further from a con-
bination of additive, synergistic and overlapping
m€chanisns ( 17) .

Positive pressure breathing (PPB) increases the
arterial blood pressure, the pressures in the heart
and lung vessels proportionally to the raised air-
way pressure (18). Higher values of PPB decrease
the stroke volume and cardiac output, however, why
it has to be combined with the use of an anti-G-
-suit. At 1 G the blood pressure may raise to more
than 27 kPa (200 rm H9) with PPB of 9'3 kPa (70 m
Hg). Xith this high airway pressure the subject has
to be protected against the risk of overinflation
and lung rupture by counterpressure to the thorax'
so called assisted PPB, wh'ich a'lso is less fati-
9uing. This blood pressure increase during PPB has
been tested on the G-tolerance, as measured as the
duration of simulated aerial combat maneuvers (ACM)

with repeated 15 s periods at 7 G until volit'ional
exhaustion. Iith only 30 rn Hq (4 kPa) of PPB an
about 202 increase in ACM-time has been denonstra-
ted if the PPB was combined nith fasterfilling and
ready pressure in the anti-G-suit (19). Results
fromotherswith unassisted 30 rm Hg PPB are, how-
ever, more dubious (20). If the 30 rm Hg PPB is as-
sisted t{ith counterpressure to the thorax, however,
which is not so fatiguing, a 40% increase in G-to-
'lerance has been found at the USAF School of Aero-
space t'ledicine (20). If assisted PPB with airnay
pressure at 50 nm Hg (6.7 kPa), a more than 100% in-
crease in G-tolerance at very high G-levels with an
AcI'l-profi'le with l0 s periods at 5 and 9 G has been
registered at the USAF School of Aerospace I'ledicine
(21). l,iith 70 m Hg (9.3 kPa) assisted PPB the in-
crease with the same G-profile up to 9 G was 70U.
There seems to be an optimum effect of PPB on the
G-tolerance when the benefits of the blood pressure
increase is greater than the disadvantage of the
stroke volume decrease with the use of an anti-0-
-suit. The optimum seems to be vrith about 50 mn Hg

assisted positive pressure breathing. This has also
been confirmed at the Aviation Medicine Institute
in Poland (?2). PPB at I G is very strenous and
discomfortable but at higher G-levels the subjects
hardly know if they have PPB or not. PPB has also

Increasing the blood pressure during G-exposure
by Va'lsalva and muscle straining maneuvers, the

The Physiologist, Vol. 26, No.6, Suppl., 1983 s-15



the advantage over using the ltlt straining maneuv-
ers in. that-the short episodes of gray-o;t during
the inha'lation that may appear with the l.1t strai;-
ing maneuvers is eliminated wjth ppB.

Another use of PPB to protect indirec y
against high sustained G,-acceleration js to avoid
the G-induced pulmonary etelectasis. |,lj th both
high sustained G and not so high G-loads there
might be c-induced pulnonary atelectasis wjth lung
volume reductions up to 50% or more in some indi--
viduals when they are breathing more than about
701 oxygen. As during.oxygen breathing during in-
nersion in divers (23), those pulmonaiy atel6cta-
ses during G-loads may be dininished substantjally
by applying PPB or tY1 straining rEneuvers (24). -

Another way of increasing G-tolerance has been
shown to be muscle strength training. In contrast
to aerobic training such as ordinary running, or
marathon -runn i n9 activity, a muscle- strengtfi'train-
ing progratn, such as weight-lifting, has Seen
shown to increase the ACM-time G-tolerance (25,
26). This has been claimed to be due to neuiomuscu-lar adaptation and increased endurance to perform
the lll or Ll musc'le straining maneuvers.

As very high intraabdominal pressures could be
registered during the performance of the muscle
straining maneuvers at high G-loads, training ofjust the abdominal muscles should possibly ba of
value to increase the G-to'lerance. In two studies
[Ede at about the same time it was, however, shown
that abdominal muscle training only is not suffi-
cient to increase ACl4 endurance G-tolerance (27,
28). Apparent'ly more muscles have to be involved to
increase the endurance to do the Mr or Lr nuscle
straining maneuvers in order to increase'the G-to-
lerance.
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IlEA]tT RATX RI]Si]OIiSI DURING +OZ OVERIOA.D O}I TH! HUIIIAN - CEITTRII,UGE
AND DURING .AXII,ru],I iICYCIA IRCOI{ETER trOA.D 1

D. tYirth, ly. papedu3
Institute of .Avlation l,Ied.icLne

8291 KoniA8brilck, CDR

INTRODUCTIOlI

- The d.etemlnation of p€rformance endof Etrain in aiJcrev merab;rs under dif-ferent load conditlons requilres, amongother thlng8, task-orlentdted frirlc tloii
anal perfomance dlaflnostj,cB vrlth reaardto aeroneallcal oplnLon. In this connec-tion the frequent u8e of heart rat6 forevalueting the stlain in the worklncsublect qave rlae to the analyels ofheart rate reaionBe lvith reEard to nea-eurable load variablee 1n dlfferentfunctlon diagnogtic tests.
IiIATERIAIS AND I,ETHoDS
. In the preEent ana]ysls results from1nveatlRationa on the hunan centrlfuAe
and on the bicycLe eraometer, carri;A-out within tbe gcope of aeroieClcal opln_1on, were involved.

The Load 6truc_
A<<lsEto Farr& 6 nr ture of th€ teet
er r"',,- 6t{re cond.ittons ia ahowr

ln FlAure 1 and
demon6 trates, that
the increase of ac-
celeratlon du?ins
centrifuge te6ta(l ), uslng the so-
called 'rlinear pro-
granrt, occur8 llne-
arly at sn accel-
eratlon sratlient of
O.1 g. s-1 uptoa
peak value of 9 I
and, when us lnc the
so-calledrrtlme pro-
Aramrr according to
a llnear increaae

. in overload of
0.2 g . s-' up to a value of 4.5 z, a
conatsnt acceleration at the last-Ben-
tioned va1ue for a mexiJnuB duratlon of
5 nlnute8 ls nainteined, Ihe bj-cycIe er-
goEeter load. 1s increaaed 1n stages untilvlta Eaxina, beginnlng at 10O Vatt for a
du-ratlon of 5 x0lnutes and then continu-
ously €rhancing lt every trvo mlnutes bv
50 Vatt unt11 subjective exhaustion oruntll break-off for medical reasorls.

The heart rate at each measu]:lng no-
nent was calculated fron the duration of
€very flve cardiac perlods.

1

Ihe authore thank M. lvo.l tkowiak (Instl-
tute-of Aviation Medlclne, \'larsaw, Po-
land), G. Pdnlsch, I. Vietor, and P.
Spranqer (lnstitute of Aviatlon l,tedlclne,
Kijniqsbriick, GDR) for thelr par.ticlpatioil
1n c arrylng out tlle investigatlona.

RI'SIIlTS
. Th" statigtical Dean valu€ (i I s) ofneart rate at the d€scribed load. conflsu_ration 1s shown ln Flgure 2. It can bi'

t rate dur j,Ite +Gz
trlfuge. when usinarr, increaees fron an

lnltlal value of
about 9Z 1 .t B beate
Der ni-nute to about
'l5O ! 20 beats Der
rninute at an acce 1-eration leyeL of
8 g. In the aame
F?ouD of sub,iects,
as ahow! ln the uD-per Dart of Flguri, 2.elso thc mean heart
rat€ durinA Aradual-ly lncreaeini 1osd
on the hicycle erEo-
neterr whlch could
be id€ntifi€d. frox
the nessureal valuee
durine the flrst
rninute at each toaal
Ieve1, was present-
ed. The averaAe ini-
tial value of heart
rate of about 8l 1
12 beats Der Binute

see!, that the hear
overload on the cen
the rrlinear proarartr

r-.
lltl

'. r ! I ri

,., Uorr r9r*

1M*
was Elgnificantly below the Dre-1oad val-ue on the centrifuge. The avera(€ naxfuoumheart Tate, holveve-r rcached a value of182 : 10 beata per El]Iute near ttre loadlLmit of about IOO tyatt. The hlgher va1-
ues of heart rate before the onaet of
overload on the c€ntrlfuee nay be re-

gardeal aa an Lnallca-
t r i -6-

-r-ti-- [-rii,

tioD. of lncreased.
anticiDation etrain.
0n the other hand, a
comparlson of the
average heart ratea
neaaured before
breakln8 off the
comoared Ioad1ngs.
which showed. 148 t
22.8 and 180.8 t
11.O beat8 per nla-
ute, respec tive 1y,
indlcat€d, tbat the
healt rat€ reached a
22 % hj,r)ter value
near the load llmit
durlng ergorne trical
exercise. Under thetrllnear proga:'fr on
the centrlfuge the
avera{aeal Ea.xfuum
heart rate durlng +Cz
ove.rloed. lYaB a till
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t FLUaNCE OF FOR*ARO (+6r) ANA BACXTlARO l-A,)
ACCELERAfION ON AIRIAL PR€SSURES

I Votu., t. 7 Ooct, taotahi..-P..tobo.bt,ct ah.tti.sto)

At.ial P..t.u..t froa.Do.ol P..ssu..s
( Artiot - P.ti.o.tliot)

SIMUL|ANEOI)S P€RICARDIAL, RIGH| A|RIAL. AND RI6HI ATRIAL

fRANSNURAL PNEssU'ES //v OIFFERENf EOOY POSI|IONS
(6 OoC, ,rqcntn. P.ntobotbttot a.Bth.sto )
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rigure 6. Reproduced cith pernission (9).
high degree of reaisiance, particularly for an
ani,trel uhose normel body posiEion i3 horizootal,
to orlhostacic decteages in cardiac output and
assoc ialed arteriel hypotension (9,10).

Ihe fact that preBsurea recorded sioulta-
neougly at various gites irl the Pericardial sPace
and at juxtaposed sites in the pleural sPece are
not significantly differeot iodicates that
pleural pressures near Ehe heart are closely
sisilar to pericerdi.al pressures at the aee
vertical height in the thorex aod lhetefore thaE
there Eust be a I !o I hydrostaEic pressure 8ra-
dient in lhe pleural liquid pressute at least in
rhe rcgion of the hear! (rig 7) (8,9),

Figure 3. Reproduced uith permission (8).

FiSure 4, Apparatus for studies of ortho_
static effects of body position ( I0).

UARIA|ION OF PERICANAAL ftrESSURE T'" WR|ICAL HErcHf
ti Oqs, xaoO-up, Uorph . - Moho.bt,.t A',.. Ltto)
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figure 5. Reproduced with peroission (9).
Average meen right atrial preasures decreaged

to about -10 cm of irare hen Ehese dogs rrere
tilted to the head-up position. Hosever, peri-
cerdial pressures decreased siEultaoeously by the
6rBe ;hount ao no sysEonatic change in right
etrial transmural preasur€a occurred with thege
6udden chsnges frod the horizontal to the verEicel
heed-up or head-dorro position6 (Fig 6).

Left atriel transnural pres6ures uere also
relatively unchenged in elI three body positionB,
this degree of constency of at.ial pressureB rrith
vertical head-up and head-dorn tilt position6 in-
dicetes lhet anesthetized do86 Lrhen well augported
by a forl!-fittinS cast (Fit 4) have a surprisingly

Figure 7, Reproduced IJirh permission (9).
It Bhould be reeedber€d, hoeever, thaE the

relationship betueen pressures neasured in a liq-
uid fi[o betse€n serosal surfaces and the forces
acting on these surfaces is uncercain if the
lhickness of the interposed liquid is not suffi-
cient to preclude the presence of sitnificsnt
intermolecular forcee guch es adhesion betseen
these surfece6 (Il,12). Ir is of interest in this
regard that recent studi.es usiog neu, indepeodent
techniques indicate the pre6eoce of overell ver-
ticel Sradients io i.nterpleurel expansi.le forcee
sioi.lar to or even greater than lhe Srsdients inliquid pleural and peric.rdial presaure velues
reported hereio ( 13, 14).

Horrever, beceu6e of the large difference be-
tseen the practicelly zero specific gravity of
the releEively ueightless gaseous alveolar con-tenta and Ehe slighrly greiter than I specific

Thc Physiologist, Vol. 26, No.6, Suppl., 1983
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gravity of the surrouoding parenchFa end irs
ebundant, blood-filled vasculature, a vertical
gradient in pleural pressure can not prevent rhe
lerSe dispropor!ionete effects of changes in the
force environnent on rhe sperial distribution of
ventilation and perfusion (Fig 8). ConsequenEly,
the Bravitetionslly-redieted legional differences
in puloonary ventil,ation and perfusion ohich are
krlol.,r to be present at I G (5) are greacly exag-
Seraled during increases in the force envirooment
(Fis 9) (15-r9).

OIAGRAP OF fHE EFFECTS OF FORWARD llc,)
ON IN|RAfHORACIC PRESSURES
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Fiture 8. Reproduced wirh petuission (5),
VAEIAITONS IN I||A^PLEIPAL PRESSUEES

,trB chtn6Es tN aatiht paoouaEo Ef rae.AeD rcctLER^ttol
lDoe i sltiN P.ttt6, ro.i,n p.d.bbttot a@ nr.1

Figure 9. Reproduced uith permission (4,15).
Furthermore, because of the very large intra-

pulnonery pressure imbalances wttich occur at hi.gh
levels of acceleration due to the differential
displacenents of the essenEielly r€ightless alveo-
lar gases relative to puloonary blood and tissue,
in6tances of rupture of the anatomically fre8ile
lunS perenchJ.oa during high G exposures have been
reporred in oan and aninale (Fig l0) (5,15,19).

Figure 10, sectioo of chiilPaozee lung after fa-
ta1 exposure to 40 G in a eacer i oersion caPsule.
Reproduced sith peroission fron E.L. Beckman et
aI (20 ).

these poaentially very dengerous effects on
the lungs can not be Prevented except by the im-
practical strat6Sed of replacing the resPired 8es
by a verl, high oxySen conEent liquid uilh a sPe-
cific gravity closely similer to blood and tissue.

Fi8ure ll, Reproduced l.ith permission (23).
the ioportance of interserosal and essoci-

ated interstitial preslrures relative to Eissue
perfusion is exemplifi.ed in the eyes in chich,
because of their positive intraocular pressure
and, furtheroore, because they are outside of the
creniel vault, retinel perfusion i3 nol fecili-
tated by the highly negative iotracraoial pressure
durine +c acceleration as is the cese fo! the
urain] rfre fact rhet applicatioo of negative
pressure ro the eyes (rit l2) abolishe6 the lo6s
of vision thet nonoally occura at levela of posi_
tive acceleratioo I !o 2 G less than the level
rrhich causes loss of coosciousoess (25,26) con-
firms the ihportence of ioterserosel aod inter-
stitial pres6ures as deEerminents of Eissue per-
fusion particularly during change6 in the force

::
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this has been done succes6fully in dogs on the
hunan centrifuge ar rhe t{ayo Clinic (21),

In cootrast to the lungs rhose function and
snatomical integrity are the aost susceprible or-
8an systed to disrupEion as illustrared io Figure
l0 by changes in the naSnitude of the force en-
viroftneot, the anaronicel inregriry of the cen-
tral nervous systern, beceuse it is surrounded by
cerebrospinal fluid, is very cell prorected
against such changes.

FurtheEtrore, the susceptability of the brain
and retioe to ischemia due to Bevere decreaaes or
cooplete l06s of arterial perfusion pressure at
head level l,hich invariably occurs during expo-
sures to ooderate levels (i.e., 4 to 6 C) of po-
si!ive c_ acceleration (2) is DiniEized by the
concooit'ant decreases in registance to cerebral
blood flou produced by the negetive cranial cere-
brospinal fluid pressure ehich pertains in the
upriSht position, rhe agnitude, of yhich in-
creases proportionately with the level of +c ac-
celeration to nhich aninals or hrmaos rnay bezex-
posed (22).

the ability exhi.bired by nosr htmans of oain-
taining consciousness ia epite of a decrease in
blood pre66ure to zero at brain level during ex-
posures to +C_ .ccelerarion, as iIlu6!rsted in
Figure ll (23'1, is quite certainly due ro rhe
highl.y neSative intrecranial pressure {hich per-
tain6 uoder this circrEstance aod, as first
pointed out by vt Diringshofen, is also aided by
a po6sible siphontrng effect h'hich Eey occur due
to the rigid bony encloeure of lhe brain and its
ver tebra I circulation (24).

LOrtsr sYsIoLrc aRrraraL rfassunf AI eyE LEVEL
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Figure 12. Appetatus
for incress iog or de-
c reas ing +G- blackout
thre shol d bi negative
or Pos it ive Pressure
resPect ive ly on eye-
balls. Reproduced
*ith perinis s ion of
E.lt. LanberE (25,26).
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{
Ihese end other consideretions are lhe belli3

for our belief that the thoracic hyp€redia and re-
sulting cardiovaecular deconditioning shich occur
in the near zero G force environoent of outer
space could be prevenced by concooitant expoeure
of the head and airwaye to a Eoderale deSree
(about l0 to 20 torr) of positive presaure (27).

Ilowever, unequivocal confirEation of this be-
lief and releted considerations lrill require quen-
titative knorledge of the ihounts and reSionai.
distributions of pulEonary 8as and blood volrEes
and also blood voltde -oyoc ard ia I dyndic6 of the
csrdiac chabers in aetronaute usiog the non-
invasive vivisection technic oade possible by a
Diniaturized mdel of the hiSh fidelity synchro-
nous volrEetric scenning tooogrephic, D.S.R., sys-
te curren!ly operatiooal io the Xayo Biodyntuics
Resesrch Unit (Fig l3) (28,29).
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CURRENT COTICEPTS OF SPACE FLIGHT INDUCED CHANGES IIi HORI.IONAL CONTROL OF FLUID
AND ELECTROLYTE METAEOLISI'I

Carolyn S. Leach, Ph.0., Phil ip C. Johnson, M,D. and }ladi li. Suki, M.D.*

NASA Johnson Space Center and *Baylor College of lledicine, Houston, TX

A systematic analysis of bodJ fluid and renal
dynanics during simul ated space fl ight (head-
down bedrest) was undertaken to increase under-
standing of the physiologic effects of acute
cephalad fluid shifts. The earliest effects
were increases in central venous pressure and
decreases in plagna aldosterone, epinephrine and
norepinephrine and glomerular filtration rate, 2
h after the beginn'ing of bedrest. Decreases in
pl aEna angiotensin I at 6 h nay have resul ted
from the increased effective pressure and
decreased syrrpathetic activity seen earl ier in
bedrest. The early decrease in a'ldosterone and
ADH is thought to contribute to an increase, by
6 h, in urinary excretion of salt and water.
Fluid and electrolyte losses occur during space
flight, and analysis of body fluids frofl Space
Shuttle crevflembers has indicated that conserva-
tion of these substances i s begun almost imme-
diately upon cessation of weightlessness.
operational nedicine fieasures to counteract
dehydration and e'lectrolyte loss resulted in a

less extreme physiologic response to the flight.

II{TRODUCTI ON

In 1970, we proposed a hYpothesi s to
explain flujd, electrolyte, and hormonal changes
which occurred in US astronauts during rcight-
lessness (1). Ilhile adaptive changes late in
the nissions (>4 days) are liell documented,
ear'ly changes leading up to adaptation have to
be iurmi sed. To study early adaptation in a

svstematic manner, we have undertaken a series
oi exoeriments to record early responses of
renal iunction and f'luid and electrolyte balance
in a series of 6" head-down bedrest studies t0
simu'late adaptation to vreightlessness. Head-

down bedrest has been reported (2,3,4) to pro-
duce fluid and electrolyte changes and cardio-
vascu'lar responses similar to those observed in
soace fl iqht (5). Horever, renal measurenents
have hereiofoie not been inc'luded in head-down

bediest studies of fluid, electrolyte, endocrine
and cardiovascul ar changes. Resul ts of thi s and

other studies have been used by NASA to devise
measures which alleviate fluid and electrolyte
deficiency in returning Space Shuttle cre$en'
The effects of one such countenneasure are
described in thi s report.

I.IETHODS

iwentv-eiqht heal thy adul t subiects partic-
ioated in"the bedrest siudy. The mean age of
i["- fg .afet was 27 years and the mean age of

:i ;.;: Jtfl 'J,""1 i3 i, j,',.f i!3',,0'i?'*1'; : ::

70 mEq of potassiun per day. Total caloric
intake was approximately 2000 kcal per day and
fl uids t{ere unrestricted and encouraged, partic-
ularly during the first day of bedrest when sub-
jects tend to lose thirst and appetite. The
basic experimental design consisted of a 3-day
arbul atory contro'l period, a 6o-hour period of
6' head-dom bedrest beginning at 10 a.m., and a

3-day recovery period. The 3-day period prior
to bedrest served as a period of adiustment to
the dlet and provided basel ine determinations of
renal function, endocr,ine and biochemical values
and body fluid vo'lumes. Renal function tests
were initiated during the ambul atory control
period and were repeated on each day of bedrest,
at the same time each day. For one group of
subjects this time was when bedrest began, and
for two other groups it was 2 or 6 hours after
the start of bedrest.

Single injections of oarkers |rere used for
estimating glomerulan filtrat'ion rate (GFR),
effective renal plasna flow (ERPF), and plasna
volume. Inutest (a polysaccharide sim'ilar to
inul in) was used fo. GFR (6), pa.a-dminohip-
purate (PAH) rras used for ERPF (6), and 125l-
human serw albumin xas used for plavna volume
determination (7). The two non-radioactive
markers (150 mg per kg Inutest and 40 mg per kg

PAH) ere admini stered consecutively from pre-
loaded syringes over a 5-ninute interval . Dur-
in9 the course of the study, the subjg!ts
reieived a totdl of 10.5 microcuries of IZ5l-
labeled serun albunin (RISA) for the purpose of
estinating four pl acna vol unes (7). Centra'l
venous pressure (cvP) was tneasured by a

catheter placed in the vena cava.
Blooi sarnpl es were analyzed for lnutest by

the microanthrone method and for PAH by the pro-
cedure of !,laugh and Beall (8). Blood samples
tlere analyzed for angiotensin I and aldosterone
by radioimmunodssay and for norepinephrine and

epinephrine by radioenzymdtic assay. Data
obta'i'neo ror aach subiect at the 6" head-dorn
Dosition we.e comoared to the measurenents nade

tor that subject at the same tine of day during
the control Period.

ADDroximations of GFR and ERPF were ca'lcu-
lated 

-by the method of Rosenbaum et-al' (6)'
Thp aooioximate rates v{ere corrected for excre-
tion;i the tracer by using the approximations
to estimate the amount of tracer excreted during
ihe injection period. After the injected dosage

was reduced bv estimating the amount excreted, a

n", cl earanci rate wa i cal cul ated from the
"effective" dosage. 8y sequential appl ic-ation
oi this iteratiie proiedure, a value of the
clearance rate was obtained xhich did not change

bv more than a few tenths of a percent xith suc-
i"essive 

"ounds 
of approximation. Thi s val ue xas

s-24



then normalized to a bodv surface area of 1.73
m2 (6 ).

The space Shuttle (STS) has so far com-
pl eted seven mi ssions of 50 hours to several
days. In the first three Shuttle fl ights the
cresnen experienced no intervention in their
preparatjon for return to Earth. In Shuttle
fl i qhts 4 through 7, the crew were given the
support of ingested salt and rater (approxi-
,nately 1000 cc physioloqic sal ine) to hel p

accompl i sh readaptation to Earth's grav'ity.
Blood and urine specinens were obtained from
Space Shuttle crewnembers on three days before
fl iqht and imediately after landing (9). Post-
fl ight measurentents were cgrpared to nean pre-
f'light measureoents for each cremember, and
analysis of variance was used to reveal signifi-
cant differences between the crewrembers uho
received extra sa'lt and water and those xho did
not.

RESULTS
statistical analyses shoried no differenc

between males and females; therefore, no dis
tinction was made between sexes in the presenta
ti on of the re sul t s.

Central venous pre ssu re exhibited
biphasic pattern (Fiq. 1). It xas elevated at
h into head-donn bedrest, but within 5 h i
decreased to 421 bel ovi contro'l and it was stil
reduced at 6 h lrhen the test l{as terminated
GFR, al so shown in Fig. l, was depressed at 2

and had returned to control I evel s by 8-9 h

The same figure shows that ERPF a] so had
biphasjc pattern; it had decreased by 4 h bu

before 8 h had surpassed the control I evel
P'lasna aldosterone (Fig. l) had decreased by 3

but was elevated above control level s by t h

Angiotensin I, shich i s a measure of reni
activity, decreased by 6 h but had increased t
exceed the pre-bedrest level by t h (Fig. l)
P'l a cna norepi nephri ne and epi nephri ne (Fi 9. 2

decreased after 2 h or less of bedlest.

CENTRAL VENOUS PRESSUBE

GLOMERULAR FILTRATION RATE

EFFECTIVE RENAL PLASMA FLOW

PLASMA ALDOSTERONE (.)
PLASMA ANGIOTENSIN (A)

468
HOURS OF BEDREST
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After 24 h of bedrest, renal blood flow and
g'lomerular filtration rdte lrere back to control
values, and the norepinephrine leve'l t1as still
decreased (-15.9 r 1.2X). A measurable decrease
(5.7 t l.z1) in p'lasna volume was recorded at
thi s time.

The changes in electrolyte and hormone con-
centrations in the blood and urine of Space

Shutt'le crevfliembers are swmarized in Table 1.
Placna sodium was close to preflight levels, but
urinary sodi un was much loxer after space
flight, especially in crewnembers who did not
inqast the sal ine solution. Placna dnd urinary
poiassium were loxer after landing than before

20

10

0

-10

-20

-30

40

30

20

10

0

.t0

-20

-30

-40

Fig. 1. Time course of changes in several para-
meters in the first few hours after head-down
bedrest began. Each poi nt represents the oean
percent change fot 4-12 subjects, and bars
represent standard error. For al l parameters
except CVP, each neasurement during bedrest was

compared to the average measurement for that
subject taken at the same time of day on the two
dayi preceding bedrest. Since CvP was measured

on- oniy one day, neasurements for other time
ooints r€re comDared to neasurements made at the
ieqinning of b;drest (O hours) for each sub-
jeit, For GFR and ERPF, each time point repre-
sents the nidpo'lnt of the duration of the clear-
ance test.
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Fig.2. Time course of changes in plasna epi-
nephrine and norepinephrine in the first 3 h of
head-down bedrest. Each point represents the
mean perCent change for 11 subjectS, and barS
represent stdndard error. Each measurement dur-
ing bedrest was compared to the average measure-
ment for that subject taken at the same tine of
day on the two days preceding bedrest.
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CHANGE
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PLASMA NOREPINEPHRINE
25

12
HOURS OF BEDREST

(3) and aldosteronel. By 4 h into bedrest,
central venous pressure has returned to the
baseline value while ERPF has decreased. plasna
ADH, angiotens'in and aldosterone reoain
decreased (3). After 6 h of bedrest, central
venous pressure has decreased to below the con-
trol value, and plagna angiotensin and aldo-
sterone are belon control . By 8 h, renal blood
f'low has increased and glomerular filtration
rate and plaEna antidiuretic hormone and aldo-
sterone dre probably approaching basel ine val ues(9). one houl" later, hoY,eve., placna aldo-
sterone and ang'iotensin are elevated wh.ile other
paraneters are close to normal . At twenty-four
hours others have reported that central venous
pressure rernains low, cardiac output is at con-
trol I evel s, pl acna yol ume has decreased and
placna angiotensin, aldosterone and antidiuretic
hormone have increased (3,10).

The 6' head-down bedrest seems to serve as
a ground-based analog for the perjod immediately
folloxing entry into microgravity, a time for
,.,hich data from space fl ight are sparse. The
removal or reduction of hydrostatic pressure in
the legs during head-doxn bedrest or space
flight results in shifts of blood and tissue
fluid from the lower body to the central circu-
lation. This central hypervolemia activates
autonomic, homonal , and renal responses which
change blood flow, blood pressures, and central
bl ood vol urnes torard more acceptabl e I evel s.

In the nel I -hydrated subject, the kidneys
can be considered to be the principal means of
acute fluid regu'latjon. They work in concert
viith central thirst and appetite sensations.
The kidneys apparentty are responsib'le for
reducing placlla volune to level s appropriate to
hypogravity. Reduced fl u'id intake, the only
other mechanicn for reduction of plasna vo'lme,
has been observed jn space flight and in numer-
0us bedrest studies, but it is not desirable
because of the extent of dehydration required
before pl acna volune decreases.

The mechani 9n of subsequent increase in
ERPF cannot be ascertained frofli these studies.
Several factors extrinsic to the kidney are
knolin to increase ERpF; e.9,, pyrogens,
increased protein intake, dnd decreased s)4npa-
thetic tone. 0f these factors decreased syrpa-
thetic tone appears to be the most 'l ikely mecha-
ni$ in this situation.

l.le propose the fo'llowinq mechanicn for the
a'lterations in renal function during the f.irst
24 h of head-down bedrest: At the start of bed-
rest, an increase in central venous pressure and
thus increased right heart preload causes no
neasurable change in cardiac output or in ERpF.
The CVP increase may or may not be reft ected in
the measured decrease in GFR, but subsequent
decreased sympathetic dctivity cduses a decrease
in local angiotensin activity by 6 h and resultsin a decrease in both afferent and efferent
arteriol ar resi stance. The early decrease in
aldosterone and ADH (3) resulting from central
mechani cns causes decreased tubular reabsorptionof sodium dnd riater (3), which is eventually
responsible for the decreased plasna volume ai
24 h,

The observations of l{ixon et a1 . (3) indi-
cate that fluid redistribution occuri iap.idly
and the period of increased central venous pres-_
sure I asts only a few hours. The ft ight data
indicate that some endocrine and elettrolyte

0

0

3

fl ight, but the decreases ylere less in creNinem-
bers of STS 4-7. Plagna and urinary aldosterone
increased substantial ly as a resul t of space
fl ight in crewnembers of STS l-3, but in the
sal ine-suppl emented crewnefibers placra aldo-
sterone was significantly (p<.05) lower, clos€to preflight levels. The supplemented crer{nem-
bers had I ess than hal f the increase in pl aclla
angiotensin shown by the cremenbers of STS
1-3. Urinary ADH, on the other hand, was about
the same in the two groups of crer.rnembers.

DISCUSSION
Results of the head-down bedrest study have

prompted us to propose that there are siveral
phases of response to the initial exposure to
bedrest and by analogy exposure to micrograv-ity. These begin with the elevated ce;tral
venous pressure Iwhile there is reported to be
no change in cardiac output (3)1, decreased
sympathetic activity, decredsed glofierular f.il-
tration rate and a decrease in the plagna level sof hormones which affect the renal tubul e IADH
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Serum or pl acna parameters
Sodi um

Potdssi ul
A'ldosterone
Angiotensi n I

Urine parameters
Sod i un
Pota ssi um

Al dosterone
ADH

changes r{hich night be expected to occur {ith
the fluid shifts continue long after central
venous pressure is bel ieved to have returned to
nomal ,

Although analysis of urine and blood
samples taken fron Skyl ab astronauts during
fl ight indicates early losses of electrolytes
(5), analysis of data from returning Space
Shuttle cre[rembers indicates that electro]yte
conservation has begun by the time the first
samples are taken immediately after landin9.
The crewrembers are nevertheless potassium-
depleted at this time, probably as the result of
increased aldosterone secretion, and are sooe-
what dehydrated. This is partially co.rected by
the addition of one I iter of water containing
150 meq of sodiun chloride prior to reentry.
Use of this countermeasure appears to have pro-
moted a less extreme physiologic response to
grounding after the fl ight, and I{ASA cardiolo-
gists hdve concl lded thdt it results in a si9-
nificant improvement in a crewnanrs ability to
lrithstand the cardiovascul ar stress from quiet
stand'ing duri n

to grav'ity ( 1l
the first few hours after return
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A.1. Grigoriev,
N. Mihailorrsky,

It is known that changes in function-
ing blood circulation apparatus associated
with blood realistribution j.n the body occu-
oy one of the first places in a complex of
functional shifts observed under conditions
of a head-down tiltinq (1) . The marked
blood shifts toward the upper part of the
body, especially during an acute ada eation
of the body to head-dovrn position, lead to
changes in blood circulation and rnediately
to shi-fts of f Lu id-electrolyte honeostasis
(2) vJhich cannot be indifferent to general
resistance in response to the influence of
extreme factors. As shown by previous expe-
rience, solution of these questions is
quite successfully accomolished by imple-
mentation of a set of soecial neasures to
protect the body against the influence of
adverse factors of head-down tilting.

In this case, tactj-cs of their use is
delermined by specificity and objectives
of the studies, by the state and individual
Deculiaritieg of the test subjects.

In order to make a more active anal
purposeful correction of the functions men-
Cioned, a more funilamental study of avail-
able Dreventive neasures, clalification of
nechanism of their influences and a search
for the ways to increase their effective-
ness, seen to be needed.

The purpose of this paper was to esti-
nate quantitatively the available means
and methods to protect blooal-circulation
homeostasis and hydration status of the
body; to search for the new ways of correc-
ting the functions mentioned; to select and
ootirni-ze tactics of their use under sirnula-
tion conditions.

Work has been carried out in these
stages. During first stage, an effect of
intake of water suplrlement (wS) of 20 nt/kg
antl rr,ater-salt supplemeDt (WSS) containing
20 nL/kg water anal 0.11 q/kq NaCl during
regular motor activity on a hydlation sta-
tus of man has quantitatively been evluat-
ed. The supplenents listed wele given in
three stages in 3 hours (after dinner, sup-
per and before going to bed) .

The 20 healthy nale test subjects par-
ticipated in the studies. Test subjects
consuneal the controlLed aliet and water ra-
tions. volumes of extracellular fluid spa-
ce and media composing it - vascular and
interstitiaL fluitls, have been determined.
In the experiment, the nuclear-physical.

Institute of Biomedical Problems, Moscow, USSR,
Institute of Experinental Endocrinology. Bratislava, CSSR
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biochemical and radioirunune techniques have
been used. Plasna volutnes wele determined
L,ith the aid of radionu"1.i4 131t -alburnin,
an extracellular fluid - from the stable
Br follit^'ng the method of X-ray-fluorescent
analysis. Interstitial fluid volume was ale-
ternined by means of a calculation nethoal,

A body fluids content has been asses-
sed before, in 1,3,6,12 and 18 hrs after
supplements intake. The findings of the
studies performed indicated that in an hour
after water intake a statistical.ly signifi-
cant increase of extracellular fluid space
volurne aqainst an elevated diuresis has
been recorded. The fluid content in a ves-
se1 and interstitlal space during this pe-
riod exhibited tendency toirard a stight in-
crement. I'urther observations dernonstrated
a cLear tendency toward decleasing vascular
fluid and increasing interstitial fluid vo-
lume with maximutn changes - 4.1t by 12 hrs
of observations. The highest Ievel of diu-
resis was observed after 2nd intake of wa-
ter supplemenl. By 18 hrs of observation,
alI the shi.fts noted did not differ from
Che initial levels -

An WSS intake following the same pat-
tern resulted in a more significant inclea-
se of a hydratj-on level of the body, The
WSS content by 12 hrs of observation (after
2 intakes of supplenent) increased tdith re-
spect to initial. level up co 5.1t (p 0.05),
both at the cost of vascular cornponent (ap-
proximately 4.0t) and interstitial fluid(5.5t). Diuresis reached the highest leve1
at the last hours of observation. In 18 hrs
the volumes mentioned still exceeded thei!
baseline volumes by 2-3t.

The studies performed indicateal that
use of measures nentioneal exceeded a hydra-
tion level of the body and, to a greater
extent, due to interstitial fluid. Use of
wSS proved to be more effective. This con-
clusion is in a complete accord with the
data from the holrnonal status studies. Ar-
ginine-vasopress in activity during WS in-
take was not practically changed, as wSS
resulted in a significant rise (p 0.01)
of a renin level in tbe blood.
During the 2nd stage, an influence of adiu-
retine (AD) on a hydration status gras stu-
died. This medicine is effective in a cli-
nical use and has no side effects (3) .

Por this purpose, a nu ber of studies,
in which 20 test subjects pelforned their



regular motor activity, have been conduct-
ed to investigate:

- rnfluence (AD) on hydration status
of the body;

- Infl.uence of ws on the backgrounal
of AD uptake t

- combined effect of AD and wss.
Adiuretine uptake caused an increase

of vascular fluid over 6 hrs rri-th a maxi-
mum effect (up to 7t) over 3 hrs of obser-
vation.

An insignificant increase in intersti-
tial fluid induced by AD (naximum effect -
6 hrs) was also noted. By 12 hrs of obser-
valion, the nentioned changes in body flu-
id compartments practically disappeared.

wi intake against the AD use causetl a
more significant rise of plasma volune (uP
to 1O!) and interstitial fluid.

It should be noted that fluid retent-
ion effect still observeal in 18 hls (up to
5t) after its consumPtion.

A conbined use of WSS and AD has led
to a more marked ftuid retention in the bo-
dv and to an decreaseil urinaly sodium and
pitassium excretion. An increase of vascu-
iar fluid (up to 1og) by 24 hrs after tak-
ing nedicine anal by 18 hrs after beginning
of WSS uPtake.

rhui, adding AD to the rnenlioned con-
binations permitted to increase body fluids
content and to control quite actively its
excretion. The study of a renal function
aoainst the nentioned effects by renography
did not reveal any changes in their functi-
onal state.

An analysis of data obtained showed
also that th; conbinations listed and par-
ticularly AD-wss conbination have quite a
long-term effect which gives certain advan-
t.o5. ott correcting hydration status' cor-
.e6tion crocedures !'rere tested during the
3rd phas6 of stutlies in a 7-day heail-do\''n
tilting experinent. An angle tilting heatl
end of a bed was -15o. Seven healthy rnen
participated in the exPeriment. fhe objec-
live of'the experiment is: vrith the aid of
head-down tilting to cause a decrease in
postural stabilily due to falling a botly
iluids level; to evaluate these shifts on
a"" s of head-dom tilting and to perform
coirection of a hydration level (on day 6)
wilr, "ou""qr.t 

t aisessment of influence of
lni" "".t"dti"n on day 7 of hea'l-down tilt-
inq.

on dav 5 of head-do!,rn tilting, a sla-
tistically significant decrease of extra-
."if,.rf.. iloid .ont"nt (about 8t) both alue

to incerstitial fluid (7.58) and Dlasma
(10.5t) was recorded.

use of aou-wss combination on daY 6

of head-do\.rn tilting increased markedly \''a-
ter content of wss, interstitial and vascu-
lar fluids. Deficit of content of the men-
tioned fluids (relative to a baselj'ne le-
ve1) reiluceat on day 7 uP to 1-2t'

The balance studies showe'l that on
dav l of heaal-down tilting the ftuid and
soiium excretion by kidneys increased aqa-

insl a aignlficant aleclease in plasma renj-n
activity and aldosterone content. By day 5
of head-doia'n tilting the changes noted pra-
cticalty reached the baseline level'

The filst intake of AD+WSS on day 6 did
not change the diuresis rnagnitude and some-
what increased natriulesis (frorn 0.15 to
0.18 neqv/mj-n). After the 2nd intake of wss
there rras a decreage in plasma renin acti-
vity flom 1.91 to 0.96 pglhe/hr and aldo-
sterone flom 62,! lo 44 pglml. An intake
of the 3rd supplement caused insignificant
increase in dj-uresis, natriuresis and caI-
ciuresis. Plastna renin activity duri.ng this
period decreased up to 0.73 pg,/m1/hr. Head-
up tilting (?0o - 10 min) performed on day
7 the test subjects withstood well-. Above-
mentioned features of postulal instability
disappeared practicall.y conpletely.

The ladiographi.c method of recording
blood redistribution in the body used dur-
ing head-do\a,n tilti.ng (on day 7 of head-
down tilting) clearly revealed a rnarked de-
crease of a degree of hernocirculation slifts.

Thus, addition of AD to a set of tradi-
tional correction ways pernitted to change
more actively and purposefully a hyalration
level of the body during head-down tilting.
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SYSIOLIC TIIM INIERVAIS IN HEAD DOl,lN TIT,TING (-8'O)

P.Groza, V.Zamflr, R.vranc ianu

"D. Danle I opol u'r Institut€ for NornaL and
Pathologlcal Physlology, Buchalaat,Romanla

ABS'IR,ACT
He8rt rate (HR), systollc tlEe i-Bter-

vals (STI) aB,d Q-T lnterval wsr6 stud.16d
ln a h€addoE. (I{D) tllting of -8ro tu a
groap of 10 youn8 subJ€cts averaglng 27 ye-
ars. llhls poatural cbange ls acconpanled
by a sl8nlflc8nt short€nlng of prs-ej€ctI-
on porlod (PEP), duo to tho ,ncreasea v6-
lous return and enddlastolic voluma. HR.
lsft vsntrlcular sJoctlor tlm6 (lIfET) aid,
Q-T values reEaLned practlcally unchanged.SfI were deterBl-n€tl by pollgraphic nodlnva-
alve n€thod t-nc luallng aar denaitogran.
IN{RODUC M CN

SlT _nay be'noasured by loninvaaLye
E€thoda (7, 75). Ile value of thls nsttrodg
haB be,l tested by comparatlve studl€B with
lnvaslve nethoda (f, 8, 12). he most ln-portant laformatlon obtaln€d from S'lI[ con-c€I! the lsdvolunotrlc phas6, expresslng
tho force of nyocardlal contractlon. lhe
shortber ls thl8 llxtarval, tbe greatar 16
tbe force of coatrectl@r'llt ac;oltt wlth
the force-vsloclW rslatlo!. Nevertheless
lt 1s ttlfflcult to daternlne the proper.lso-
volueetrlc phase by nonlnvaslve netbods. It
1s lDcluded 1n tbe pre-€Jectlon perlod (PEP)
wlch contalns an lnltial phas€ corr€spon-
dlng to tho eI€c t!on6ca!1ca1 de1ay. coaven-tlonally apreclsted. to ,8 Es (6). Ere value
of PE? 1s horover hlghly lnformatlvo for
tb6 lBovolun€trl.c phaao, keeplag t! ntnd
the short tiEe due to vsntrlcular actlvatl-
ou thst pr€cado proaBure lncreasLng,aD,l es-psclally 1ts relatlva lnvarlab1llw. It is
avallabI€ I rlcb eatorlal conaerDut the
Eodlflcatlons of Stt ln caritlso patEologfl(lschenlc cardlopathJr, arterial iryperieilf-
oD., valvular 1e61oDs) ae sell as ltr d.lffe-relt pbyalolo8lca1 clrcur0stanc6a. aE ex€!-
cloe (), 4, 14) or postural chaaiea (10). ,
stuallod by noDll3vaslv€ pollaraphlc nethoda.
$If were lnvestltatotl also h iosnonauts(2),fre forca of contractlon nalr be nod.L-fted Ln two rays, by oxtrlnslo n€chanlsn.ln accord wlth the Fraak-Start lna re1att6n.
antl b, l-atrlnslc necha.nlan, wblch dop€ndg
oD the netabollo condltlon of myocardluE
le8ulatetl by sympatho-adren€r8lc stlEulatd--
oD., aa LD. exerclce. he 6xtr1nslc nechanlgm.
dopondln8 oa enddtestollo volungr ls €nha!.-'
cetl by lncreasod vonoua !€turn lD ce]]tral

cardlovascular araas, as in lnnersionr-Gz
accelgratlon, changlng stand 1n supila po-
sltlon or the 18st 1D antlortostatlc. tr€
aln of tbls stud, was to investigat S[t
after head-dom tl1t1ng of -85o wtch lnd.u-
ces a tsarked Lncroase of th6 vonous return
ln ceD.tral ar€as of the cardlovascula.r
systeE.
MATERIAI, AND }MTHOD

Tb!. young oarl, nean ag€ 27 yeaxsrwero
lnvestlgated. by changlng on a tiltlng ta-
b16 the suDine into an antl -ortoetatlc(-85o) nead-aown (t{D) poslt lon.

HR, PEP and LVET wer€ derived of ECG
and arterlal puls€ wav€. fh6 ECG wae r€-
colded by neans of a V5 16ad and th€ ar-
torial puls€ wave by meane of an €qr d.€n-
sltogram (DEN) (r, U) utillzir8 a photoo-
loctrlc transducar. Ox6 n€thoal pe!!0lts'8J1
artlfact-free recordlng of ECO a]1d DEN.

the ECG and DEN signals wera stored
on Eagnetlc tap6 for subsequont c o!0!,utsr
analysls (Haemodynamlc lnalys^r [1 5810),
enabllng an autoBatlc ooasur€nent of STI
as HR, PIP, LIfET and th€ ratio PEPILVEI.
tl€ n€asured. data ar€ dl6played ln alpha-
Dun€rlcal forn on f\I tuba.

In ord€r to obtain I time proflle of
HR, PEP and Q-T, these varisbles were con-
valt€d in to amplitude nodulat€d pulsos in
a sp€c j." I analogu6 processox.

The subjects wero k6pt on th€ tlltln8
table ln s[pin€ position for ! nin.'after
a prevloua rostlng period. of 15 nln.ln tiB
san€ positlon on a cough, An autonatlc
smootb and u.niforn movement to an antLor-
tostatlc (AOS) (-8ro) posltlon was accon-
plished ,r 17 sec. Ths subjects tcEaln€d
,O sec ln tbls hesd-down posltlon. In an
oth6! delay of 17 aec, tho subJoct r€Eal-
n€d tbe Buplne posltl@ and remained thus
for 5 n1n.

flxs slgnals recordlng startad ln the
last !0lnuto of th€ supi-D.e positlon on the
tllting table ard then unlnterrupted the
whol€ €xperinent.

tre systollc aad dla6to1lc systenlc
artsri"l pr€asure were Eoaaured ln tho se-
?lno, h HD and tbe last suplne posltlon.
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osture Sup jle
81 :7 at:7

p> 0.2

Supi.ne

??!8
p> o. 05

RXSIIT,TS
D[ring A0S, HR changed lnconstalt1yt

lncr€asllg or d€crqsslnB' PEP was sbolt€-
ned (p( o.OOt) anal LVET wa6 lnconslst€n-
tly nodlfied.. QT bas the sane varlatlon aa
LVET. tre PEPIIIfET ratlo sborten6d durlng
the pasl.ve head-down tiltlng 1951 (p(O.OO1)
Afte! r€covery ln suplne positioD tbo va'
lues retnra approxlroatly to tho lnltla1s.
@able 1). he systollc art€rlal syst€m14
tensloa alo not chaDS€ but the diastollc
present.d Bltght]y decreased val ues.
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Table 1. H€art rat€, systollc intervals
and ?-T in -B'u antlortostatisro

C OMMEN1E
The decr€ased duratlon of PIP !n A0S

expresssa 8Jx lncroased force of contractl-
on that 1s duo to increased vgnous retum
awi corrFsponallBg to the enddiastollc Yo-
luo€ of th6 left ventrlcle' i-u accord wlth
the Frank-Starling r61atlon. HD tiltlng
produced a sli8ht decrease In dlastollc
iressure that nay devance th€ aortlc s18-
noid. aperture and c ontrl-bute to thg d€cx€-
ase of PE?. In accord 1{lth others' tho
sll.Eht decroas€ of the diastclic prossuro
and'-the contributlon of the devancsd slg-
nold aperturo may b€ consld€red as un ln-
portant for tbe PEP decrease. the AOs ttl-
i i-ns ao not lnfluencss charac terj"stlcally
th6 HR.

A clear pulse art€rial wavo naY bo
obtahatl roc ording the ear densil,-ogranet
that served as a se"ond paraneter for non-
lnvasiv€ &easurament od STI. \{o c oafllBeil
tnr" ou" prevlous tehnlcal experlence (9).

I?re increased force of contraction ls
lndepend€nt froE heart 18t€' conflrEing
tbis $av others lnvsstlgations ilx wicb pbar-
macoloeical neans (atroplne), or cardiac
DacinE wsrs ussd (1r). Tbls supports tho
iaea itrat the decreas€d PEP ls produc€d by
extrlnslc factor repros€nted by the lncre-
asetl enddlastollc vbluna'and not by a syn-
pathoadrenerglc r€actlon.

96J10 81 lto 96J12
p (o.oo1 p < o.0Ol

HEP

286 1 15 z}l ! 17 289 t 16
p> o.2 p> 0.2

PEPIIVET o.r1!o.u o.?7!o.o,
p) 0.001

o.r!o.o,
p 1 0.0o1

L1rET
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VISUAL-VESTIBULAR INTERACTION IN ROLL: PSYCHOPHYSICS AND PHYSIOLOGY

J. Dichgans

Department of Neurology,
Universitet, 7400

Liebermeisterstr. I8
Tijbingen, F. R. c.

20

INTRODUCTION
The phenomenon of visual-vestibular

inte rac tion has fi!st been described by
Macn (l). Its detai l ed psychoph ysi cs have
-later on been stud ied in great extent by
F i scher and Kornmliller (2) and Dichgans
and Brandt (j). The l/Jork of these authors
in summary indicates that vision consider-
abl.y contributes to ego-motion perception
about and along al1 of the six axes of
freedom and that it supplement s and domi -nates vestibular funct i on in the 1on fr e-
quency (be1ow 0.1 Hz) and constant veloci-
ty range. It ltJas a surprise to find that
the inte grative inte ract lon of these tlto
sensory inputs occurs already at the Ievel
of the second order neuron within the ves-
t ibular nuclei and is s imil ar Iy ob ser vedin all vertebrates so far tested lrith the
except i on of the frog ( see reviets by
Dichgans and Erandt (r) and Henn et al.
!a) ). rne tl/'lo inputs togethe r are integra-
ted Eith weaker contributions from the-
auditory and somatosensory sy stem, most
probabl y also at the leve L of the brain
stem, and logether constitute dynamic(motion) and static (position) ipatial
orientation in terms of perception and
motor control.

The purpose of this paper is to brief-
1y summari z e hlhat is known about visual-
vestibular inte!action in ro11 to polnt
out its pecu lari ties due to the one c gra-
vity pull actj.ng 1n this plane and to hint
to the possibl e alterat i on s of sensation
as y'lell as motor beha v ior in zero gravity.

pos 1t ion consequentl y may be conceptuali-
zed as the result of a compromi.se weighing
the dj.fferent and in part contradictory
sensory .inputs for gravitational orienta-
tion. Thls interpretation is supported by
the finding that the vlsuall.y induced tilt
marked.l.y increases u,Jhen the otoliths are
placed in a les s favorable pos iti on by 1a-
teral head tift (7). In this sltuation,
the otolit h signal possesses a proportio-
nately l oy{e r sensory aeight and accuracy.
Conversely, both ro 11 and pi tch displace-
ments are reduced if the head is tilted
25" forllrard - so as to put the dominant
plane of the utricul a r otoliths in an op-
ti.mal earth horizontat position, a fact
that may vote for their predominant rol ein visual-graviceptive interaction (B). Inroll, the potent iat lon of the net visual
effect on apparent vertical in an inclined
head position is maximal if the visual
stlmuLus is moving oppos i te to the head
tilt. ThiS asymmetry has been interpreted
as the funct ional hypert rophy of a bio1o-gically adapt ive mechanism (7) since Ia-
teral head ti 1t causes opposi te relative
motion of the visual surround. Anothe rpossible consequence of the con f1i c t
durlng ro11-vection around a horizontal
axis is the considerably lower saturationvelocity (5) at nhich the actualty rotat-ing stimulus display looks stationary and
a.I1 the motion is seemingl y taken on bythe subject. In yaw l,llhere grav i tation iloesnot interfere, the perception of motion
occurs lri thout I iml tations on displacement.

Induced displ acemen t can be measured
in terms of tilt angles of apparent visual
and postural vertical from gravitational
upright. These are lndicated by the ad-justments subjects perform in the attemptto compensa te for an appa rent incl inationof both (5). VisuaI effects on posture
have been measured ln terms of the appa-rent uprl gh t of a moving-base airpJ.anetralner, the position of i{hj.ch was to beadjusted t{hile movi ng pat ter,rs were pro-jected onto its r! 1n dow s (5), or measuringpostural sway by means of a platform llrhil'ethe subJ ect st ands erect and views a
rol.l.ing visual display. The fact that thetilt effect during rotation of the visible
surround is common to both visual and pos_
tural orientat i on supports the explanaiion

Visuall induced sensat ion of rol l mo-
tion 1S I acemen t of a aren ver caI

ost ural conse uencesan

tion about the x
vecti on ) may be
observer yJhiIe v
hemi spherj.c dome
of sight (5, 5).
tion is opposite
tern motion. Sub
cal perception o
spite a continuo
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that a shift occurs in the interna 1 repre-
sentation of the gravity vector. This ex-
planat ion 1s further supported by the f act
that a real d i spl acemen t of the gravita-
t ional vector, such as in a human centri-
fuge , resul t s in a correspondi n g change 1n
perceived v i sual and postural orientations.
TiIts of visual vertical measured durinq
the roII vect ion range 'rp to 40" and sa-
tulate at an average of 15" at l0 -
4Ouls stimu.l.us velocity, The gain of vi-
su a1l y induced displ acemen t greatl y varies
among subjects. The angle of i.nduced tilt
lrith sinusoidal ro11-motion stimuli lin-
early increases with the l ogari thm of the
stimulus oscillation amplitude (9) ' Such
a system integrat ing s t imu Ius velocity
over time could subserve the visual feed-
back stabilizing posture. In normal life
body stlay causes a relative counterrota-
tion of the visuaf surround. The conse-
quent visually induced tilt perception
adds to ototith information and thereby
assists postural r ightenin g at least below
frequencies of 0.1 Hz (10,9). - That
spinal motoneurons are tonically driven by
a moving v isual display has been demon -
strated in the cat lrhich shows a direction
speci fic modula tlon of monosynapt ic hind
Limb reflexes in response to a large opto-
k inetic stimut us movi ng in roIl (I1).

contrast and average Luminosity of the
movinq pattern are not critical for vi-
sual-vestibular interaction within wide
l imit s ( lr). Stat ionary contrasts if s1-
mu 1t aneou s I y presented to the subiect in-
hi.bit vect l on (f4). 1f one considers their
spatlal arrangement in depth, b ackg round
information is of much greate! signifi-
cance than is foreground in fotmat ion (14).
Thus, visually induced self-motion and
spatial orientation rely na in Iy on the in-
format ion from the seen periphery, both of
the retlnal Deriphery and periphery in
deoth. Sel f-mot i on is perce I ved shen siz-
abi e oortions of the deoth and /or the re-
tinal per ipher y are in motion, s.lnce this
is the lnevitable consequence of movement
of the body in space ' even if the fore-
ground is stationary lt'rith respect to the
6bserve r as in passive movement in a ve-
hicle.

Pos sib 1e alterations of visual-vestibular
1n teract ion in zero- ravit

the a ove men t one concept about

The im ortant character ist ics of the
S mulus

oravitv I-Lmitinq the apoarent displacement
5f v isua t and postu ra I vert ical during
roI1 vection is t rue one may assume the
folloy'lino alterations in space. The as-
sumot ioni Iii 11 be tested in the forthcom-
i"rq Space-Laboratory visslon' Subjects
wiiL wear a helmet wi th in $hich they viell.l
a rolling st inul us disp Iayed on a minla-
turlzed Ie]evision screen through a wide
anole lens. Limitations on postural dis-
p l icemen t llJill oe orov i de d by the f act
that subj ects ],tear shoes that by means of
sucti on -ups are fixed to the measuring
p I at form. Though desp I te the absence of
oravi tv there are sonatosensory cues about
6oav oLsition in relation to space lab co-
orrtinates |lllhile oosture .is exani ned.

St at ic or ient at i on and ego-mot ion sen -
sat ion ll.lh 11e locomoting yri.th in the sp ace
laboratory shoul d predominant 1y rely on
vision. The or ient aton of visual con t our s

Der se shou I d be import an t for static
orientation, but re.Iative lotion caused
bv locomotion or postural sl{ay shou]d do-
minate dvnamic soatial orienLation. - 0n
eart\, Lhe visual stabllizatlon of posture
requires motion detection and is absen t
r{1th stroboscoplc i llumination at a fr e-
ouencv below 8 Hz (I5). Roll-vectlon in
soace- shoul d be accompagn i e d by the sensa-
tion of continuous instead of timited dis-
olacement just as it does in the prone po-
.ition on 6arth. Saturation velocity of
roI I vec t ion in space shoul d exceed the
I0u/s measured on earth (5) and maY

reach the Iooo/s measured in yaw (12).
The oain of the visual effect upon posture
as d;mons t ra ted t hrough the appl i cat ion of
a rolling st imulus should increase because
of the lack of a con fI i ct ing otolLth siq-
na1. It viill be interesting to study the
t ine cour se of the p robab 1y occurring

---lT3[al l y induced se]f-motion percep-
tion requires novement of a Iarge portion
of the seen env ironment (I2). Perceived
tilt during rolI-vection alnost linea!1y
increases |rith a logarithmic augmentation
of the total area moving (6, measured in
steradians). The threshold tota.I area for
induct io n of roLl-vect ion and apparent

into four or more equally sized portions
randoml y dist ri buted tr i thin the visual
fie1d. lil t is saturated i.f l0 % of the
visual field ( scattered into 120 visual
objects) are subtended by moving contrasts.
This dens i ty e ffect seems to indicate that
a large number of retinal elements has to
be s inuftaneously s timulated as to ca use
the maxima 1 effect. Us ing oov i ng stimuli
equal in area it was shosn that the peri-
pheral retina dominate s visualLy,induced
vection and spatial orientation (I2,6)'
ohereas centra 1 vision domin ates pattern
perceptlon and obi ect motion detection. In
the laborator y situation of an opposite
mot ion stlmulation of the center anO peri-
phery sp atial orientat ion rel ies on the
peri6heral st imulus l{hereas patteIn-motion
perception and optokinetic nystagmus de- 

-
pend on the cent ra I stimulus. This experi-
ment illustrates that both mechanisms of
motion perception may work in parallel -asthev freouentlv do in real Iife, enabling
man to perceive motion of objects lrhl1e
experiencing active locomotion . Pattern
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VESTIBULAR DYSFUNCTION IN COSMONAUTS DURING ADAPTATION
TO ZERO-G AND READAPIATION TO 1 G

Institute of Biomedical Problelrs, Moscow, UssR

It ia obvious today that vestibular
alysfunctions often atlend an early period
oi adaplation to zero-g and readaptation to
1 g. They manifest as illusionary sensati-
ons of spatial body position, vertigo and
autongnic disorders of varying degree.

Ite have analyzetl symptoms of ilrusio-
nary reactions and motion sickness in 36
cosmonauts (12 menbers of long-term and 24
members of short-term fl'ights) . Inflight
8Ot of then experienced illusj'onary reacti-
ons. In most cases (about 70t) the reacti-
ons were associated with spatial body posi-
tion. Alnost half of the crewmenbers showed
autononj,c disorders. Motion sickness slrmP-
tons were usually provoked by notor acti-
vitv and sometimes by optj'c stimulation du-
rini visual observations thlough the view-
port.

Upon return to the Earth the cosmo-
nauts axhibited new rnanifestations of ves-
tibular dysfunctj-ons, which often dependetl
on the flight tj'ne. For instance, motion
sickness symptons were found in 27'3t of
crewmembers of the 4-, 7- anal 14-day
flights anal in 91.7t of long-duratlon crew-
."r06e." (i.e. 11 of 12 cosnonauts). During
an acute period of adaptation. particularly
after long-term ftights, the folloiring dis-
orders weie seen: otolith as!4[0etry. realu-
ced thresholal sensitivity, altered reacti-
vity of semicircular canals and canal-oto-
lith j.nteraction, as well as disturbances
in the perception of spatial coordinates.
optokinetic llimulation was associated with
fiequency-ampl itude changes in oPtokinetic
nystagmu!, dtsrhythmia, and s igni ficant
aiyrnmetry in resPonses !o exPosures of dif
felent signs(Fig. 1). Durinq the first 2-3
alays postil-ight four cosnonauta sholred dis-
tinct spontaneous and positional nystagmus.
(Fiq. 2). In addition to the nystagmus,
som6 cosmonauts exhibited the phenonenon of
floating eyebaIls, i'e. the eyes moved
sidevays when they tried to fix the gaze at
an object located in front of then. l'lany
crerme.bers showeal vestibulo-autonornic re-
actions of the I or II grade during cupulo-
metric and vojacek tests that were never
seen preflight. More than half of the cos-
monauts exhibited lowered, as compared to
the preflight level, autonomic tolerance
in lesponse to 6-nin optoklnetic stimula-
tion.

1. optokinetic nystagnus in the
commander (1) and F1ight-Engi-
neer (Ir) of soyuz T-4 - sa-
Iyut-6 in resPonse to black-
white stripes moving to the
left (A) anal to the ri-ght (B)
at a rate of 40 (1). 60 (2),
80 (3) , 100 (4) , and 120 (s)
stripes/min innediatelY after
75-day ftight. CaI ibra t ion:
20o, 1 s.

!

II

!21_r---1---1_-/.-1- J-

Fig.

Noteworthy is distinct oLolith as)m-
metry during an acute period of readaptati-
on irhich was measured by the eyeball coun-
ter-rolling reaction accorali.ng to Fischer
(4). Another irportant finding was a direc!
correlation bet$een motion sickness frequ-
ency and otolith aslmmetry. Aslrmmetry was
observed in every cosmonaut who showed
overt sl.mptoms of motion sickness after
Iong-tern space flights. OnIy one crewmem-
ber haal distinct otolith aslrmnetry anal no
motj-on sickness (Fig. 3) .

It should be emphasj.zed that 1on9-
term missions caused more marked sensory
and autononic disoralers during leadaptati-
on as compareal to short-term flights. It
should also be noted that motion sickness
anal other vestibular dysfunctions were
less pronounced both inflight and Post-
flight when the cosrnonauts nade their se-
conal or third missions.

what are the factors responsible for
vestibular dysfunction in orbital flight
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and upon return to the Earth? presumably,
they are! 1) so-called sensory conflict
due to misnatch of the sensory systems con-trollj-ng spatial perception (5), 2) disor-
der of canal-otolj-th interaction (2), and3) interlabyrinthine aslirunetry (1, 3).

that the changes are transient and
the vestibular system may adapt to
ed space flights.

that
prolong-

IO

I

6

I

2

--..-\-_-/

I rg. J

+++lrJ++.r
E requency of otolith as!4nmetry
anal motion sickness after
Iong-term space flights. FulI
circes show cases of rnotion
sickness anal open circles - no
notion sickness. Abscissa -ftight tine, days, ordinate -
asldnrnetry of eyeball counter-
rolling, tleg.

:-./-

L

rig. 2. Spontaneous and positional
nystagmus in the Soyuz T-6-
Salyut-7 Comnander. I - Elect-
rooculogram in the sitting po-
sition, 2 - in the supine po-
sition with the head tifted,
3 - on the right side, 4 - on
the left side, 5 - j-n the su-
pine .position with the head
thrown back. a - EOG - in the
vertical and b - EOG in the
horizontal lead, in the dark
with eyes open. Calibration:
200 pV, 1 s.

Accoraling to the last hypothesj.s, the
otolith olgans of both sides are normally
associated lrith some functional as!.mmetry
which at 19 is offset by central compensa-
tion and .!n zero-g becones perceptible. Si-
mulation flights reveal-ed vestj-bu1ar dys-
functj-on symptoms manifested as vestibular
as]ryunetry. Prolonged head-down tilt sCudies
demonstrated overt otolith as!4mnetry. It
also developed in lesponse to Coriolis -
cross-coupled acceleration (Fiq. 4) . Never-
theless, motion sickness tolerance was sig-
niflcantly loirer in the case of the pre-
sence than in the absence of initial oto-
lith aslrmnetry. Similar results \dere ob-
tained when interlabyrinthine aslanmetry leas
genelated by direct descending current of
5 rnA being passed through one labyrinth. In
this situation tolerance to Coriolis -
cross-coupled acceleration provokinq notion
sickness decreased more than twofold.

Thus. our examinations give evidence
that the vestibular function may be motlifi-
ed in space fliqht. They also alernonstrate

Fis. 4. Otolith asl4unetry neasured by
eyeball counter-rolling in
healthy test subject6 in the
norm (1), innediately after
182-day head-doim tilt (2),
after experimental not j.on
sickness induced by Coriolis -
cross-coupled acceLeration (3)
and after long-term flight at
R + 0 (4).

RE!'ERENCES
1. Baumgarten, R.J., c. Baldriqht, c.L.

Schillinger, Jr., O. tlarth, and R.Thu-
enler. 1.975. Vestibular function in

I 2 t 4

the space environmenl.
2:49-58.

Acta AsCronaut.

2. Khilov, K.L. 1964. Selected problems of
space medicine theory and practice in
tenns of labyrinthology. Leningrad.

3. Egorov, B.B.. and c.I. Sanarin. 1970.
Possible chanqe in the palred function
of the vestibular apparatus in weighe-
lessness. Kosm, Biol. 2:85-86.

4. Eischer, M. 1930.craefers Arch, Ophthaljn,

s-36

123 ! 509-582.



T1TE VALIDITY OF AN ANI}.{AL MODEL FOR E]OERI}IENTS RELATED TO T'IEIGHTLESS}IESS

X.J. Musacchia and J.U. Steffen

School of !,tedlclne and Graduate School
Unlvetslty of Louisvllle

Loui6vi11e, Kentucky 40292

ABS TRACT
Anlnel evolutlon has eltnessed rorPhologlcal

ad phys ro loglcel adaptatlons to Srevltatlonal
forces. In ttE rat, htDd liob Duscles can he

ued to lllusttate a ranSe of load bearlng
f lrrrct lons: soleus> gaslrocnenius -plantarts>
extensot dlSltoru[ 1on8us (BDL). A harness
susp€Dsloo app6ratus ls used to lnduce hyPo-
klnesla erd hypodynaala (E&H) ard !o sloulate
re6ponses cooparable to those seen tn lretSht-
lessness (1.e,, COSMOS experlBents). After one
ard teo week6 of suspenslon H&Il there ls Duscle
atrophy wlth e 1066 ln 6usc1e oass, the result
of lose ln Duscle Protellr. Concomitafit].y,
tlEre lB e decrea.se ln RNA' but not ln DNA con-
tec. the effects ate Sreetest ln the soleua
and leest 1n the EDL. these recent findlnsB'
ln concert elth our eerller rePorts of in_
creesed nltir8enoua excretlon' suggest that
both decreased proteln synthesls eld lncreesed
proteln crtabollso are characterleric of lluscle
atrophy. Recovery 19 geen lo ter|!6 of teveraal
of th€se effects after reooval ftom suspengion.

I IIISO DIrI I ON

Ilr the course of evolut 1on, adaPtationa ate
cleatly evldent ln a vdrlety of physlologlcel func_
tloll3, tncludlng loconotlonr body rnas s suPPort grd

behavloral pos$rtn8. In th€ hlnd liob of the
quadruped, verlou6 Euscles telate to such func-
tlons. The aoleus, a sloir-teltch, red fiber ou8-
c1e, ls credlted l.lth postural ard loadtr8 (1.e.
support) functtons. These end locomotot fullctlons
are also credlted to the Sagtrocfle[lu6 and the
plantarls, coopoaed of a Elxture of flber type8.
in contrast, the extensor dlgitorun longu6 (EDL) a

fast-trltch duscle, he6 no I'oad bearl ng functlona'
I.Itth thts BpectruD of ouscle tyPe6' studles c6n
resdlly questloD funct lolrs1 ettrlbutes rela!lng
to gravltellonal lnfluence, 1.e., load beartng and

noo-1oed bearlnS functlons. slnce ost hypotheses
coocernloS ouscle response6 to Dlcrogravl!y or
hypogravlty (1.e., welghtleoeness) ean only be

tested ln space, se ale faced elth the problen of
exp€rlEentel llEltatlofla' Three anhal systeoa are
often used to essess phy8tolo8lcs1 ard blochelllcel
lesponsed to hypogravltetlonal envlronDentai sEal1
c.g. .otr.lnt, htnd 11Eb totDoblltzatlon (plaster
cegtlo8, lolnt plnnlna) and suspenalon ayateoa
(dotsal bordlnS, harneee and tsll festened
guspenslon). DrarlnS concluslons froo competlsond
bet{een these ayaten6 Bust be ilone wlth cautlon'
The lndlscrlDlnate use of lerEs' rd thout adherance

to baslc end sidely ,ccePtable deflnltlonar nav
lead to confuslon as the llteraturc gror,s. Iiiless
therE t6 slSnlflcent oPinlon to tlle contreryr lt 16

propo8ed(Ogano, et s1 1980a, Musacchla et al l98oa,
Deevers et e1,1980b, Musacchla ard Sleffen 1982) to
vletr the $spended, htnd llsb unloaded, rat as both
hypoLlnettc ard hypodynaotc(ln elther the head_do$n
!llted or non-tllted poslllon). The welShtless
fltght anlnal is also hoth hypoklnetlc Bnd

hypodynanlc. In both subJects, there ls a reductlon
in llinb moveoents aod muscle loadlng' In slEell cage
restraint sulrlects are chlefly hypoklnetlc but not
hypodynaolc, slnce the llDbs ere Posltloned to beer
,et8hr (federov et el 1981). illth 1lnb castlng
technlques, muscle posit loning ( cootracted or
extended) ls cruclal (Booth 1978). In thls ayste
one oay be dealtng stth both hypoktnedle and

hypodyneota. A brlef sunnary of conpatlsona 13

pre6ented 1o lab le 1.
Our approech to the probler0 of slEulated

selghtlessness has been to ut111ze a susPenolon
systeo shlch a11ors the rat to freely contract and

exteri the hind ltobs *hlle eliolnatlng eIl
opportunltle6 for load bearlng durlng Perlods of
ooe end trro seek6. The harness susp€nslon aystem
(!,lusecchla et al 198o, Deavers et a1 1980) dtfferg
froo other systeos, r,hlch lnclude: skln ttondln8
(edheslon) to a dgtd surface (l'Iotey 1979), ta11-
faste[ed 6uspenslon (Novlkov ard Ilytn 1981 ard
Horey-Holton ard I,Ironskl 1981) aid alorsal sutured
steel rod (leDpleton et a1 1983). The chlef advan-
tage of our harne66 6yster ls the opportunlty to
alter the head-down ttlt, the aeady enlar8eoent of
the 6u1t a.s the anlmal 8rors, and the elllElnatlon
of tlssue ln6u1t due to lrrltstlon, lnfectlon or
lnvealve stress. A nalor dlffer€nce betreen our
experlDen!6 and Co66os f118ht experloents lB the
anleal subject. lfe use oale Splague-Deeley rats
(170-190go) whereas ln the Co6l0os blosetellltes,
oore oature 6ale Wlstar SPF rats (21298) eere used.

Our protocol has been sufflcledt to cause
Darked atrophy ln sode ouscles atd yet penDtt the
occurence of recovery PhenoEeno after reooval fro[l
suspeoslon. We uae hlod llob skeletal lnudclea
because they provlde Eood aepresentatlon of load-
bearlnS functlons (eoleue), Paltlal load beerlng
frmctlon (gasttocneolus and Plaotarl6) and norFload
beerlng (EDL). Alsot these ouscle6 have been selec-
ted for nuoerous studles ln small cage re6tralnt,
plas ter c€st lnooblllzet lon ard !rel8ht1e6 snea 3'
vlz., ln the Cosnos serl€3 of fllght exPer{nenta.
ltre four ouscle6 selecled have been 6horn
(Mu3acchla et al 1980' 1983, and Musacchla and

Deaverd,1981) !o etroPhy dtfferenttally ln reaPonse

The Physiolo8ist, vol' 26, No.6, suppl.' l9E3
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TABLFJ I
CoEpa rl son of llal Skele ta1 l,luscle Responseg

CAST I }IOBILIZATION: ITYPOIONESIA & EYPoDYIIAMIA
a tr ophy
decreased synthes ls
of prot eln

SMALL CACE RESTRAINTI IIYPoXII.IE sIA
a tr ophy
e tr ophy
a tr ophy
decreased synthes is
of protetn, DNA, R{A

lllcreased fettgablltty Ogenov, et al:1980

ST]SPENSION: HYPOruNESIA & IIYK)D YNAMIA
1 nc reased fatlgablllty
atrophy, incteeBed
nltrogen €xc ret lon

decreased syntheals
of proteln

decleased ptoteln
ard RNA content

decreased syflthesls
of aDlno aclds

lrcreased glucocort lcold
receptor le vel s

Stet16tlcal analyoes (Bl8nlflcanc€ et 95U
confldence level) were perforoed uslnS the Student
t te8t cooparlrrg varlous experl&ental gtoups:
suopendedr recovered, and we18ht Eatched controls.
RESILTS ANN DISCUSSION

Dste froE the pre€ent erperl ents ere s{ro-
Earlzed ln Table 2, The 6o1eus Duscle shored the
noat pronounced 1os6 ln protela and Rl{A f o!.lorrhg
one and trro seek6 of ll[8, end the itost notable re-
covery. The decrease rJas greetest afler one l.eek.
The EDL ahoued the leset chenge ln both pdraEeters.
Ihe I}{A content h all lluscles reEalned relatively
unchanged ln response to H6H. The fact th6t the DNA
content reBalna unchanged argues for the vel{, that
durlng one and teo rreek3 of unloadlng the hLnd lt b
rnuacles dld not lose nass ln terEs of ce11 nuobers,
Rather, the loss of ouscle Eass calt be a€en as a
1o6a of cellular proteln. We have used the proteln/
DI,IA and the RIA/DNA relettonship as approprlate
lndlcators of tlssue responsea. Chang€s in proteh/
DNA suS8est dlfferentlal effects on cell 6lze,shile
changes ln RNA/DNA reflect dlfferenttal effects on
protein synthetlc capaclty. Proteln erd RNA
contents reverae torrard control level3 folloralng
renoval froo su6penBlon.

Ihe quedtloo of alteretlon ln proteln syo-
th€alB ln response to expo6ure to Ilelghtlegsrregs
end the exadlnatlon of the Buapenslon systeo for
cooperl6on has renalned relatLvely unexplord.
Sone lnltlal deductions oay be aade tn ltght of
experlEental results after exposure to
welghtleg6ness. cayevskaya et aI (1979a, 1979b)
reported a oerked decrease ln both contractlle and
sarcoplasDlc protelns (about 5OZ) ln soleug one
day after 20.5 days of eel8hr1e6sress. On day 26
po8tfl.tght, there ras a noEndllzatloo of these
functlonally actlve proteln. Nore recently,
Fe11er et a1 (198f) exanlned protetn synrhest6 by
lncorporatlon of IC-leuclne ln ougcles of
suspended H+li Eats. They concluded that there wag
a 6evere reductlon (about 502) of the rate of
synthesls by the ftfth dey of suEpenslon. Booth
a.d Sleder (1979) have reported a raptd (5hr)
reductton ln ouscle proteln synthesls ln cested
llnbB. Thus, the 11m1ted lnforaatlon frotn oodel
6y6te[a atrggest that tntttel arsociatlons csn be
Dade elth eelghtles6ness expooed 6ubjects.

Evlilence for lncressed proteh breatdoEn during
susp€nslon flEH has been llElted. l,lu6ecchle et al
(1980, 1983) reported lncreaaed excretlon of nttro-
genous end products. Feller et d1 (1981), hos-
ever, $ere unsble to demonBtrate an lncrease ln
proteln cataboli6u.

ln order to Justtfy the use of the suapenslon
systel! to sloulate exposure to weightlessnees, the
skeletal ftuscle chaoges must be conparable. The
alteratlons tn htnd 1ldb ruscle6 of rats uaed ln
Cosnos fltght6 have lcen ssse6sed durlnS post
fllght recovery ( I tytne-(akeuva, et a1 1975, and
Ilylna-f.akeuve ard portulgalov, 1977, Ciayevsksya et
a1, 1979 a,b). The alterartons ln htod ltllb Inuscles
of rats used h our hsrnegB systeD not only reflect
ttbse ehlch oust have occured durlng eelghtlessnes6
but also shol, cooparable recovery changes. lle
conclude froo our results thet antlgravlty truscle
I[ass changes ln suspenslon Il&E result fro6 both
decreesed proteln synthesls end lncreased proteln
break dorn. I.Ie propoee thet stoller change; occur
lD hypoklnesla and hypodynanla of velghtlessness.

Booth;19 78
Booth & Setder:1979

Eeren6kl, et al:1971
Bykov and Sotrnov:1970
Sz11e8y1, et al:1981
Federov, et al:1982

Fel1, et a1:1982
l{uaecch la,et al : 1980-83

Pe11€r, et a1! 1981

Thls study:1983

Tlschler E Jaspers:1982

Stef fen & Musacchla:
1982

I{EI OiTLESSI{ESS (@St{oS ): HYPORI I{ESIA E flYPODYNA}1IA
lncreased fatlgabiltty
decreased proteln content

oganov:1980
Gayevskaya,

et a1:1979 a&b

WEI 6,Itr,E SSI'IE SS + 1-R CENTRI F rcATI oN
ieutrallzatlon of G-g
effects, end evldence of
BuacIe plas ticl ty

Oganov:1980

ITTATERIAIS AND MEIIIODS
Male SpreSue-Dawley rars (170-190g) were

suepended tn denl /velcro harneBseg for one and trdo
rreeks as prevlously descrlbed (Husacchla et al,
198O). Sooe enlDals ,ere sacrl ftced by cervlcal
dlslocatlon uhlle others l,ere perolttd to recover
froo suspenslon fl&It durtng one seek ln netaboltsm
cage6. Wlth each one end tso week suspenslon
experlEent, a group of selSht matched controls were
sacrlflced for cooparlsoo, Whole ouBcles rere
raptdly exclsed, trloned of elcess fat ard
connectlve tlssue, and fEozen tn ltquld nttroSen.
Proteln eas anal.yzed wtth s nodtfled Losry
procedu.e (Schacterle ard po1leck, 1973) fol.lortnS
tlssue homogenlzetlon ln trlchloroacetlc eclal enit
reaolublllzstlon of proteln ln o,1 N NaoE. RNA wa6
enalyzed by the oethod of Schnetder (1945) l.htle
DllA was estldated by the nethod of Burton (1956).
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to norFload bearlng Buspenslon (soleue) gastroc-
nenlus=plantarl 8>EDL). Recovery phenooena have
alBo been aa6eased after removal froo suspelrslon.

In the pre6ent experloents, oe focused on the
relatlonshlps betseeo ouscle atrophy ard proteln,
RNA ard DNA contenls durlnS one and tro tio,eeks
of E&E as l,el.l e6 during seek of recovery. It r.ag
hypothe6lzed thet the varlous degrees of atrophy
tn htnd llEb riu6cle6 are related to dtfferentlal
changes ln proteh, RNA and I)I]IA,



Table I. Proteln (P), DNA, aad RNA cootent of hlndllnb nuscles of tat6: susPetrded l aod -2-week 
(1 

'k.ri Z-*j iypokrnettc and hyPodynaulc (wKH), one ueek Post-suspeoalon recovery (R) and

wel8ht-Datched cotrtrols (HUC)

P RN

t.5l

1.39

2.52

2,42

2.24

s0L

r l.,(E (l4)

2 wKE (r0)

1!,Klt+R(11)

2WKtr+R(Il)

!,MC ( 28 )

6.5 ! .45"

5.5 i .58

10.3 ! 0.6I

9.5 l .6E

9.3 r 0.38

0.06 ! .01

0.06 t .01

0.07 ! .01

0.06 ! .01

0.05 ! 0.01

r.16 ! .09

1.O2 ! .12

t.67 ! .19

1.66 ! .13

1.54 ! 0.05

! .11

! .11

r .15

t 0.19

PROT

0.08

0.07

0. I5

0. l4

0. l4

1

t

!

t

!

.01

.01

.0I

.01

+

PRNADNA) RNA DNA
CASTROCNEMIUS PROTEIN

1 uKn ( 18)

2 w(Ir ( 12)

lr,rKx+R(ll)
2WKn+R(ll)

tn{c (28)

0.02

0.02

0.03

0.04

0.01

0.63 r 0.06

1.00 ! 0.05

1.95 t 0.29

2.05 ! 0,l l

2.32 r 0.13

2.58 r 0.17

4.1.8 ! 0.l7
***

4.40 ! 0.55

2.65 1 0. t5

r,99

3.04

5.50

6. 15

2,65

! 0.16

!,030

! l.Il

! 0.76

! 0.27

11 .6 ! 3.E5

87.1 ! 4.02
l*

151.2 ! 6.73
***

147 .6 ! 6.04

100,9 ! 4.2

0.34

0.35

0.39

0.39

t

:
!

J

!

+

1.02 i 0.09

RNADNAPLANTARlS

I rJKr (10)

2 UKH (r1)

lxrel+R(8)

2 WrOI + R (ll)

!n'{c (13)

PROTEIN P

15. 5 ! 2.0

18.9 ! 1.06

25.9 ! 0.85
*t*

29,6 ! 0.75

20.0 I 1.05

0. tl ! 0.01

0. 1l ! 0.01

0, 12 ! 0.01

0. 12 r 0.0I

0. 1l ! 0.01

0. l9

0.29

0. s5

0.49

0,30

1,48 t 0. 13

1.88 ! 0.13

2.23 r 0.09
***

2.47 I 0.13

1.76 ! 0,07

1.72 ! 0.16

2.25 ! O.33

4.73 ! 0.29

3.98 ! 0.29

2.69 ! O,29

0.03

0,03

0.02

0.04

0.03

t

!

t

!

I

RNADNA P RN
EDL

I lIxH ( 17)

2 XKH (12)

ll{f,H+R(ll)

2IKH+R(tl)

lrHc (27)

PROTEIN

t2.9

14.0

17.3

18. i
12.0

0.7

0.87

0.99

I.04

0.4

o. t2

0. l5

0. 21

0.23

0. l3

0. 0l

0.01

0.02

0.02

0.0 r

3. 16 t 0.37

3.33 ! 0.19

4.00 ! 0.36
*t*

4.46 r 0.31

2.88 r 0.15

2.83 ! 0.14

3.56 ! 0,28

4.92 ! 0.41

5.35 ! 0.49

3.08 ! 0.19

t

t

!

t

++

luean t s,r.M. (N) I lixfl vs 2 WKIi

tl{C vs I }JKII+

IWKHvEIWKH+R

W C vs 2 I,IKH

2 WIOI vs 2 tfKH + R

Sltrce the evidence for adequate slmulatlon
moalels colltlnue6 to 8row, lt is argued that the
valldlty of aniEal dodels fot welghtlessness is
well founded. It ls otl! contention that suspensiol
svsteus can be fulther exteoded to exmlne both

fGctional aspects of atrophy due to weiEhtlessness

antl mechanlsns lnvolved lE nuscle alteratlons'
Evolutlonary consldelations of anlnal adaPatlons !o
lhe forces of gravtty carl now be exP]ored r'lth the

ailvent of th" ihr.rtt1./SP.". Laboratory and future
CosDos f118hts.
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0.05 t 0.01

0.04 ! 0.01

0,04 ! 0,01

0.04 t 0.0 t

0.04 ! 0.0 t
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STIBCELLULAR INVESTIGATTON OF THE INFLUENCE OF-REAL^AND IODULATED

r/ErcHrLEssNESs uPoN PERFoR;;Niiimlii'nmiir'lEnriroN pnocesses IN MUScULAR

TISSUE

ABSTRACT

InvestlSatlons were carrled out ln aniDals

flown lnto space 1n Blosputnlks or under-

Boing various plriods of hypokinesta ' Thls

observation resulted ln dlsturbances ln
the nltochondrla and endoplasntc reticu-
lum of myoflbryls. Simllar changes occur-

red 1n anl!'als both under itrlShtlessness
and hypoklnesla. The reteneratlon proceas

durlng hypoklnesla 13 dlscussed ' Evaluatlon

of the lnflucnce of thc envlronment on

the muscle system was done on the basls

of electrophysioloSlcal and stereologi-
ca1 studles of ce1I structures es ve1l

as dlffractoEetrlc analysls of the

mitochondria.

Cur lnvestl8ations concern obserYations

ca led out on rats subiccted over varlous

periods of tlne to a hypokinetic environ-

ment or to 21-day fllBhts 1n Blosputniks

782 and 916. The study ls Psrt of the

Intercosnos Progran. EstlEatlon of the

lnfluence of changrd environmental condl-

tlons upon the mlscular systeE was based

on electrophyslological studles as well as

on qualitatlve and quantitatlve ultra-
structural examlnatlons' wlth the use of

diffractonetry of Eltochondrial proflles '
In animal.s subiected to space flight ln
the Blosputnlks s1ltht changes 1n nusculug

/o./ ouadriceps and nusculus tastrocnenlua
wcre found /1,/.

The sarccEere volumes and the lenSths

of sepaEte dfdKs lzl\/ did not underto any

chantes elther in red flbres or in whlte

Stanls}AW BARANSKI

Instltute of Aviatlon lvledlc lne 
' 
liarsaB ' PoIAND

ones. Dlsturbances in trl8l)'ceride Eetabo-

lisn wltb nunerous fatty tranules betYeen

sarcomeres were also revealed' Thesedlentes

nay have been the efflct of the oxi'latlon-
reduction process in the nuscle cell-

resulting from hemodynanlcs changes and

lack of sufflclent oxyten supply' These

suggestions sere conflrned by slight dege-

neratlve changes in mitochondria, although

the rel,ative voluDe of these structures ln
the ce11 did not rhor, any changes 'However'
a nore thorough study of these GxtGmal

elements of mltochondria allowed to detect

some subtle changes in these structurec /7/'
?hus lt has been proved that ln veightles-
iness conditlons the surface membrane of

oitochondria becomes thlnner' This results
in a decrease in the ratlo between the

surface and the lnternal detrlbrane areas'

whlch nay suttest a slltht cbange ln the

shap! of the ,lltochondrla; ooreovert an

lncrease in relatLve mltochondrial natrlx
volune' accoEpanied by a dlElnutlon in
relative inner conpartment volune' r'ras

obset'ved. These results mey suggest 
'l1s-

turbances ln nltochondrla and changes ln
their energy state. For' according to

Hackenbn-rc on the basls of observatlons of

the state of lntemal mltochondrlal cotrr-

poncnts one nay conclude as to the enerte-

tlc acttvlty of these structures'
It should be stressed thet a Bore

obJective estloatlon of nitochondrlal
perfor@nce can br achleved through

eLectronotraEs dlffrecton"try of thcae

structures. Thls nethod developed at our

Instltute, has be.n ampl-oyed for nltochon-
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drla estinatlon ln anlmals subJected to
hypoklnctlc conditlons,/6/.

In anlllals undergolng space fLlght a
decrease in relattve voluDe of sDooth
aarcoplasnlc reticulun was noted 1n both
klnds of flbres, whlch nay indicEtc
electrolytlc dtsturbances /lgi.nty Ca+/ ln
the EuscLe ceLl.Thesc dlsturbances Eay be
connected wlth an insufftclcnt nuDber of
lmpulses for lnduclng nuscle contractlon.
ThIs fect ls r"flected ln investltation
results of neuronuscular Junctlons.
Accorallngly, it has been observed that un-
der condltlons of veithtlesaness a decrea-
se in relatlve synaptlc veslcle voluEe in
motor plates takes pLace, causing ln tum
a dininution of acetylcholine liberatlon,
vhlch results ln depolynerizatl.on of thr
cel1 menbrane. ft 1s worth str.ssint that
the sensltivlty of dlfferent muscles undcr

glycogen tralns lncreaaea /FIe.1/. Tl,e
alectrono8raphlc images of mitochondrla
are also changed,thl.s h.lnt Eanlfested by
their swe11lng, vacuollzatlon or 6ven decay.
It can be supposed that dlsttrlbanccs ln
the welghtlessneas perlod concern oxldation
processes ln thls muscle.

Fig. 1 . M. soleus after space
demongtrated accumulatlon of
Blycogen and d.teneEtlon of

the sane rnvlronnental conditrons varles. mltochondrla

l'l.so1cusre.!f., aeems to rcact nore rn neuroouscular Junctlons of the
drastically to gravitatlon changaa than soleus more drestic chanSes than in m.

E.quadrlcaps end E.testrocnealws /2r1/. auadrlceps and m.gastrocnenlus vere found

Accord.lng to sone sc i.ntlsts, there is a /4/. Tl,ey were of sloller type'l.e.r e

correlation betrreen the peFcentate of dlminutlon of relatlve volune and number of
l[uscle flbres and thelr sensittvlty. nltochondria and sylraptlc vesicles occured
Unltke the previously dlscussed EuscLs, /Tabfe II/' The fact seems int"restlng
soleus contalns about 9fi of red flbrls that weightlessness elso rasults ln discre-
/tWe I/. Welghtlessness causes satlcomere te heart Euscle changes /4/. Oot observa-

vo1uEe dlmlnutlon 1n this nuscle, whlch tlon lndlcates a diroinution of snooth

Can be lnterpreted as atrophic chantes. endoplasnatlc reticukim reletlve volune,

A dlninutlon of the mltochondrlal vol.uue and of Eltochondrle ' and a sllght acuoula-

falung to both one sarcoplasm unlt and tion of gl]'coEenr whlch Eay testlfy sone

to one setromere /Table I/ also occurs. changes ln transDlssion end transport of
IABIE I. IEAN SARCOMERE VO:u]itE ;-ilE, / AND REI.A.TIVE VOLUI,IE OF
MYoFIBRTLS /W"* 1 sE/ AND ti{rTOC HONDRT A /vvr{ 7 SE/ rN SO LEUS
II'IIJSC LE

MYOFIBRI L MITOCHONDRIA
CROUP SARCOI'IERE w;f6 + sE%+s- p p

CoNrRoL 2.o7+o.22 66.28!1.0, 8.1410.61
BrOsPurNrK 1.zo1lo.oz 69.o9+1 .42 o'01 6.84+0.50 <o.02

The nuEber of nitochondrlal proflles
decreases, rhereas the accutrulatlon of
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lons through the cell neobrane' and sll8ht
heEodynami.c disturbances.
TABLE II. REL TIVE VOLUIG /vv% + SE/ AND

SI.,RFACE AREA PER VOU,ME UNIT /{ ,,2 /,,,1
+SE/F'OR STRIJCTURES OF' Tt{E AXONAL ENDII.ICS

OF THE NEUROI'IUSCULAR JUNCTIONS IN THE

SOLEUS }ITJSCLE

STRUCTURES
cotrTRoL
w%+sE

BIOSPTNNIK
916

vv96:SE

12.4+2.6

15 .2+1 .4

nercs.l,litochondrla were detenlrated and

scarce.Dr€gtlc cbantes xer" noted lf after
5 nonths lD!}oblllzation the anltrtals Yere
for€ed to physlcal effort.The oaln changes

appeared to conslst to nyoflbral apparatus
defects. vast areas of flbreless sarcoplasD
were observed.scarte as they were'snooth
endoplasmatlc retlculuE channelg proflles
were prcfoundty swoll"n and dllated'Elto-
chondrla belng often srolLen'ylth fcw cresta
vacuollzed in the pcripharal- areas.It should

be added that ln rats affect.d wlth effort
after a perlod of inEobllity' mltochondrlal
changes ware observed not only ln skelctal
muscl.s Eltochondrla r but also ln the heart
ruscte /4/.Apart fron ulstra structural
changesra lowered succlnic and dehydroSenase

actlvity ln the Eitochondrla was noted,and
ECG results polnted to features of heart
nuscle anoxla /5,/.

In the 116ht of the abov. obserwationE
the question of the anticlpated course of
uuscle fibres rcteneratlon under disturbed
travltatlon condltlons aeens lnteresting.
Hence the nodel experiment on reteneratlon
ln anlEals und"r hypoklnetlc condltlons.

Thr observation was based on aniDals
subjectcd to m.soleus denervatlon.It v.as

formd. that nuscLe fibres degeneratlve
changes were more clearly narked'and the
regeneration process was sloYer then i.n the
control Eroup of animals.Thus after 15 days

foL1ow1ng nusc1e denervationr the musele

flbrc dj.aEetrc vras smaller as conpared vith
the control troup or the basellne values.In
th" lnvestitated nuscle of thc tested
aniEls a dllllnution of endopl.aslBtle rrtl-
culun volune and glycogen grelns concentra-
tlons rerc observed.

It l{as also concluded that the dynenlc s

of the denervated ntl-lscle changes in mlto-
chondrla ls dlffereat in animals subJected
to hypodynamlc conditlons / 8.2/. For
lnatance,under labo!'atory condltlonsr ln srvrn
days follor{lng denervatlon tha gap betlvaen

crest centres lncreased rapldly /I/.ThLs
could be connected wlth sweLLlng and

MITOCHONDRIA

SYNAPTIC
VESICLES

27 .6+).a

5.5+1 . 1

<o. 01

<o. ol

"=;=;.".;;"=;"il;;= 
;;==

llluEtrate chant"s after a relatively
Ehot't pcrlod of rtelghtlessnes s ' 

j..e. 21

days. He arc ualnLy concetrred slth the
effects of progresslvely prclonged stay of
ItvLnt organlsEs ln space. Therefore'
physlol-otlcal observatlons at the ce1I
1eve1 can often be carrled out through
Eodel tests onl.y. The Elthtlessness
equlvalcnt on Earth 13 hypoklnesia. In EtC

/r/ of ral"s under prolonged imnobility a

rat*.d lncr.a!! ot tbe pelceDta8e of
lul.tlphrsa Fotantlala with rmchanged em-

plltude vas observed ln soEe of thent
wherras otherg shoved chanles characterl-
zed by a shortlned regtstered potentlals
duration and a lolrcrcd amplltude. AutoEatic

analysls of thc nuscular potentials spec-
fi:uB /e/ rlvealed charges 1n bioelectric
p"rfornaDce of m.aoleuarln the other
nuscles no changes 'rer€ found.. Drvlatlons
ln the electronyographlc power spectruE
imege of the n.soleus durinS walking oc-
curred after thr.e vceks of hypoklneslat
and in standlnt position trere obserYed

after 4 veeks of irmobillty.In thia group

of anlnals lnportant changes at the ce11

level vere aLso observedrand the detree of
thelr intensity Yas pr€portlonal to thc
duratlon of inEobllizatlon /5/.Thus 5
nonthr hypoklnesla xqs manl'fested by

atrophy of nuscle fibres and their satlo-
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vacuollzEtlon of Eltochondrla.
"ffort 

at early sta!.r of rc-adaptatlon
lead to a trcater lntenstty of the changes.
Hovrvcr, thr problcn of regcn"ratlon
rcqulres fu!-thcr Biosputnlk protr€D
lnvestltatlon.
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EXAITiINATION OF EFFECT OF HYPOKINESIS ON SIAIE OF GASTROINTESTINAL
TR,ACT IN RAT
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ABSTRACT
For estination functional- state of

qastric mucoga, transmucosal Potentia I
iifference /PD/ and mucosal ion flux
were measured by the authors. On the
basis of po deciease and H+ redlffusion
increase lt is stated, that hyPoklnesis
injurles the gastrLc rnucosal barrler,
thtt have also been reinforced by histo-
loqical examinau-ons. It was stated,
th;t balrier-function danage - elicited
by hypokinesis - incleases ulcer sensi-
tivity both in reserpinous and disten-
sional ulcer models. The radioqraphs
prove that already fron the first days
of hypokinesis. the motility of stornach
lncreases, while motility of small in-
testine decreases. A11 the investigat-
ions indicate' that the nost expressed
inpairnent etlErges ln the 4 weeks group.

INTRODUCTlON
foday it is already uldely accepted

that hypokinesis ls one of the adequate
nodes of modelling weightlessness' In
present experilEnts we have turned our
attention to gastrointes tinal tract.

!,IETHODS AND RTSULTS
We used Lati: CFY male rats wlth

22O g average weight, that ,ere exPoseil
to hypokinesis - Lasting for 1-2-4-8
weeks ernploylng a speci-al stock and they
were gLven standard ratfood /I/.

For estlnation funcCional state of
gastlLc nucosa we neasured translnucosal
potentlal allfference /PD/ and mucosal
ion flux /2/.

As it can be seen in Figura I, trans-
nucosal PD decrease 1s slgnificant in
hypoklnetic Aroups from the first week
onvrard, conpareal to the controLs. Most
expressed decrease can be noticed in the
4 weeks group, while PD increase appears
ln the 8 weeks group. In addation to the
examlnatlon of gastric nucosal barrier
lre measureal the change of rnucosal ion
flux.

Figure I Effect of hypoklnesis on
gastlic mucosa in lat.

In our experiment we expelienced that
rediffusion of H+ significantly increased
in all tested qroups, in additlon consi-
derable amount-of ita+, K+ and cI- appeared
in the lrmen. Wlth Passing of tlne it was
accompanied by an increasing dllut1on.
Accarding to the above it can be stated
that hypoklnesis affects adversely the
gastric nucosal barrl-er.

Simultaneously rrith PD anal ion flux
changes vre exanined photo- and electron
nicroscopic changes of gastric mucosa and
Iiver. The external ce1ls becone swollen
and the intercellular space grows wider.
Later erosion of external cel1s and at the
end their necrosis and desquamation can be
detected. In the liver cells lysosgnes
accumulate ,

In the further study it was lesealcheal
that is the ulcer-sensitlvj-ty lncreased by
a barrier-function damage caused by hypo-
kinesls. rn support of thls on the one
hand the effect of hypokinesis on gastric
ulcer - induced by reserpine - and on the
other hand on discensional ulcer model
have been exanined 13, 4, 51.

fn the reserplnous experiment 3 teated
groups were established:
I. Contlol-h,ithout treatment
II. Reserpine
III. Hypokines * 12-4-8 weeks/ + reserplne

The mernbers of group II and 1I1 re-
ceived intranuscularly 5 mg reserpine/kg
body weight, and they were starveal for
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24 hours /they received uater ad 1lbidum/.
Afte! this the stornachs of the animals
were removed. Pollowing the irrigatlon of
the stomach, the nucosal Iesion vras nac-
roscopically evaluated and scored. Within
a group, the total point divided by the
nunlcer of the animals produces the ulcer-
lndex /Ui/. Moreover the ulcer-frequency
/Uf/ !,,as'counted.

tr.-.,., tr...,.ts

FLgure 2 Effect of hypokinesis on
ulcer-index in reserpinous
ulcer pattern.

The results indlcate that under the in-fluence of hypokinesis the alefecatlon of
stomach increases, while the defecationof lleum decreases. The change developsduring,the first days of hypoiinesis. indit still exists in the 8th week.

RESULTS

_ Our results prove, that hypokinesisbrings about expresslve damagei in func-tional state of gastrointes tinal tract,Thenorphological examinations veri-fies -.in addition to the noticed gastro-j-ntestinal changes - even the significant
danage of the 1iver. Tte noticed function-al changes decrease the resistance of gast-ric nucosa and increase the ulcer sensiti-vity. On the basis of noticed changes, the
damage of nutritionaL and absorpti6nai pro-
cesses ale also probable. These investiga-tions are the main task of our next experi-
nents .

Figure 3 Effect of hypok.lnesis on
dj.stenslonal ulcer pattern
in rat.

Di est. Dlseases. 22:1O83-1O9O.
3, W. ,Barret. I9 5, The effect of reser-plne in stimulatlon of the gastrlc sec-

retion.
4. J.Hideg, ,Ge encs r, T. ri. 1968.

Pharmac. Ex Ther.3:I13,

,llaa

As shoh'n ln figure 2, the U
klnesis + reserpine group slgni +

of hypo-
icantly
I groups.
the 4th

in lhe

-increased conpared to al-1 contro
The naxirnum of Ui was noticed in
week. while decrease is obvious
8th lreek,

Considering Lhe Uf thercis a signifi-cant diffelence betve6n the U. of hvDo-kinesis + reserpine and contr5l groups.
The difference is in favour of the forr0er.
The Uf of 4 weeks gloup is IOO t.

The effect of hypokinesj.s on dj.stensiq-
nal ulcer nodel l,as examined as follolrs:
passlng the hypokinetic time the stomach
was removed, exposed and lrrigated and
the nucosa was nacroscopically tested.

As shown in Figure 3, the increase of
Ui compared to the control is quite ex-
pressive. IC can be noticed already in the
I and 2 vreeks groups, but it is the nost
signlficant ln the 4 ,eeks group. After
8 weeks of hypokinesls the Ui practically
corlesponds to the control.

Later we examined what changes appear
in gastric mucosal notility of the rats,
exposed to hypokj-nesls. Motility testing
lras followed radiologically, after the
introduction of 2 ml/loo g b,i,r. Novobari-
um via catheter. The radlographs were
taken of the aninals in the lst, 2nd. 3rd,
6th, 9th and 12th hours, foLlowing the
aalmlnistration.
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THE ROLE OF CHRONIC ACCtrLERATION 1N GRAVITATIONAL PHYSIO'-OGY

Arthur H. Smith

Dept. of Anlna1 PhY6loIoSY
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Davls, Callfor:nla 95516 U. S. A.

objects ,11I Drely [ove uoder the iDfluence of
the fteld, atrd develop oo load -- a coodltlon sooe-
tines descrlbed as free faLl. the Ioad that deveL_
op6 ln restrelned objects ceo be evaluated by
Negtoota !,al.s of [otlotrl

where a

TYo syst€ds of u[lta have develoPed dePeDdloS uPon
the value of the cotrstatrt, k. In the abaolute ays-
teE, u6ed by ptly61clet6, k hs6 the value of unlty
-- 8o Easa atrd wetght are ln dlfferent tetE6. IE
the gravltetlon6l systeo, uaed by eDgtoeers, k i6
the reclprocal of the earthrs 8lsvltat1oflal con-
6tant (1/g). The lsttet co[ventlon la partlcular-
1y useful to 8r6vltatlooal phy8lolo8y' Provldlnt a
terulooloSy cooDoly used for evaluatinS gravlta-
t lotral fleld streaSth (C):

t-(r/g)Da
tll6-5/g-6

C ls a dloens lonlees utrlt that expresse6 the
,elght-to-D.r6s ratlo, or the acceleratloo fleld as
nuttlpLes of the earthto Sravi.tatlonal corBt6trt.
An altered welght:oass ratlo Ls the plrystcal ba8l6
f or gravltatlonal phy8tology.

Ti.o general procedules hsve developed for the
suooLtrS of loertl.s1 aDd gravltatlonal f te1&. Itr
one of theae, the rotetlon ls around the eartht
and ln rhe plaoe of a 8!eat clrcle (Ilg. 1). If e
cmplete rotatlo! tdt(es about 90 DlIIrteB at eo el-
vatlon of 170 kE, the trertial fleld t lII be about
0.95 c. If one celculstes the 6trenSth of eatth
Sravlty at this altltude (ftoo Newtonre Lal{ of Unl-
versal cravltatLon), tt ulll be found to be 952
lts surface value (0.95 G). So gravlty aud the lE-
erttel fteld stll be equal, but 1tr oppoelte dlrec-
ttoBa, aod lhelt vector suE wlll be zero. At the
celter of Beaa of the orblttnt vehlcle, a coDdl-
tlon of welghtleasoess rr111 exist, evea thouSh the
fleld of gratrlty has 952 of 1ts eerth-Burface

l{-kr!a
t{ ts the load;
E ls the oass of the obJect;
a ls the acceleratlon fleld; and r

k 10 atr arbltrary couateat.

Objects that are te6trai.ned ln en accelelatlotr
field develop a load' called i.e ltht, that teodB to
deforn theD aod deterulnes the work requlred to
rFve rhe object a8a1D6t the fleld. unresttelied

Ia atrother Ethod of 8us61n8 luertlal flelds
and gravlty, the plane of rotatlon i6 arratrged tatr-
gentlal to the eerth surface, rrl.th a ceatrlfuge
(f&. 2), the phy8lc8l relatlor.hlps of such ro-
tator? @tloa rere flrst descrlbed by Uuygeos
[2I], a cooteoporary of CaIlIeo and Iewtotr, aoJ he
alao coined the terDlrcetrtrlfugal force.rl
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cravlt6tlonel pttyslol'ogy 1s e recetrtly orSe-
nl.zed fleld of envitod@ntal Physlology that 18

coocerned wlth the effects of grevity 6nd Sravlty-
Ilke acceletatlon fleld6 uPotr o!8au1sEs. Afthouth
the receBt ioterest 1n Slavltat lonal Physlology
has bden grestly stl4ulated by sPace exPloratlon
the roots of the subject exteod beck to GalLleo
t5t.

Re6eatch ln eEvlrooDedtel PhysioLo8y 8eoer611y
depends uPon .IrrangiDS a sultable chenge in aD

.n irou.r,r.l factor and obderving th€ effects of
the rcdtfled envlronEent uPon exPoaed organlaDs 'g1!h such treatDent the exPerLBentet r'111 observe
e characterlstlc aequence of adver6e changes, call-
ed slrease6, and adaPtlve respoa6es that wl1l vary
dependlot uPoo the oetute of the anvlroone[tsl @d_
lficacLon. fhere are Problees 1o apPlylng these
generaL Procedures ln SlsvitatlonaL physlology,
siace there ls no say paesently knortr to atteflrete
or otherwlse edlfy the fleld of gravlty. CoDae-
quetrlly, rouch of the atrl-oal reseatch lo StavltaF
tiotraf physlology has dePeoded upon mdi.fyloS the
effect of earth Stavlty, for exaEPle, ,lth bi,oyan-
cy produced by LDrrslotrr roa6s 1oed1n8 or uDLoad-

Iug, reorleotlng the SravltatloEel load by recun-
bency, and free faLl for very 6hort Perlods --
6uch as 5OO osec [ll]. Slnce the effect of 8tevl-
ty ls proportlonal to body 6lze' trsvltatlonal ef-
fects also heve been lrferred frd Btudle6 of atra-

tonlc and phyBlo1o81c61 charactealatica 1It a ae-
rle6 of organlsD6 ,Lth varylng body 61ze (scale
effect6 ).

It is posslble to sloulste chenges ln travity
by EuEninS Sravlty aod lnertial fleld8' shlch are
pioduced by mtlon. Ioertlal fields develoP olth
a chatrge la velocr.ty -- elther es a change ltr rate
of @tlotr wlthout chanSe In dlrectlont llnear ec-
celeretlon' or by a chanSe ln dlrect,.ou elthout a

change ln Eate of ootioar radial or centrlPetal sc-
cele;stlon. lnertlal f1e1d6 develoPed by llneet
acceleratloB ete lohere[tly too tlDe-re6trlcted to
be useful fot Dost studles. For exaple, lf a

fleld 2L t1@6 es strong a8 eelthrs Srsvlty la ea-
tab1l6hed by ltoear acceLeiatlon' exposed obJecta
p111 go Lnto earth orblt ,.n ebort 8 ol!!lte6, eld
achleve the speed of llght in I EonEhs. So, o[ly
lnerttal flelds ptoduced by lotation (centrlfuga-
tton) e111 be useful ln chroolc acceleratloo etpea_
i@rt at 1oD.
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Flture l. The orblcal tate atld altitude of a sat-
ell.ite e6tab1lsh a cenrrlfuSaL f ield whlch is
equal ard orle[ted 180" to the local grevlty
fleld. If these too forces on the sa!e11lte are
unequal, 1t ,111. r@ve to an olblt Hhere they be-
coDe equal.

Experinetrts elth an1oa16 oD centrlfuges ex-
tend back over a ceotuly to the ploneerlag studles
of T8lolkovsL, lo Russla and Salath6 ln Frallce.
Floo the Ea[y anlnal centElfugatloll studie6 coE-
ducted sloce theo, 1t has becoEe epereot that the
aeaponse of enlEals depetrds upo[ the duretlon and
intenalty of the treatDent a.s well as soEe chsrec-
lerlatlcs of the eubJect6 -- such ss body slze,
posture aod orientatlon to the fleld. short-telxo
exposures (hours/daye) generally produce a physlo-
1o81ca1 stres6, aod lhe ao!0a19 are debl.tltated.
Ilotever, over Ionger perlods (r,eek6/oonth6) the
autviving aollnals will becooe physlologlcally
adapted aod funct ion qrtthout 6tgns of dlstre66.
These prolooSed treatE€nt6, irhich a11oe the aoi-
oals to return to a Elesdy state, have been de61g-
oated a6 chtonlc acceleratlon, end briefer treat-
nent6, characterlzed by a leblLe physlology, have
beefl dlstidgul6hed a6 acute acceleratlon. The ood-
ern concept of utllizlng protracted cefltrlfugatl.oll
1Il 6tudyirl8 rhe physloloSlcaI effect6 of ea.th
gravlty eas first proposed by E. C. Dodds, an Etr-
8l.1sh Dutrltlont6r, ln 1950 [4], and the flrst re-
6u1ts of 6uch studles i.ere teported by B. If. C.
I{atthews, of Cebrld8e, 1n 1953 [12]. Slnce thea,
nuoeroua atudleg of chronic acceleratlon heve beeo
aeported, aad several revies6 are avallable [13,
16,221. A dl.6cu6s1oo of the technlcal aspects of
the procedute a16o Is evallable [17].

Anl,Dal8 exposed to chroriic acceleratlon exhlb-It a varlety of anatoDlc and phy61o1og1cal 6odlfl-
catlonE end Eaoy of the6e csn be attrlbuted dlrect-
ly to the Sreeter C-load of the aDleal, atr iu-
creaaed \.e&ht-to-baas ratlo. Crevlta!lonet load
lncreases the physical r,ork requlreoent for pos-
ture end equlvalent Dove@nt in the greatet accel-
eratloo fLeLd, end this ls apparent itl the greater
Balntenance tequlreEentB of ceotrlfuglng anlsals,
trcludht energy oetabollan []0,15,181. cravlta-
tlonal load also increases lhe inuacular requlre-
D€uts for postural ualDtenance, and th16 becoDes
Eanlteet ln the selectl.ve hypertroplD, of antigrav-
lty nu6cles, ,hlch hcreases the exterBotiflexor
mracLe Bess ratlo l1l. The effect of gravl.tatlon-
a.l. load upon ouscles proceeds 61orly, requlrr.[g
perhapa e yeer for coopletlon h chlckens, sheEeas
the effect incresslDg enerty Eetalo1l6rd ls produc-
ed rapidly.

Sone of the physlologl.cal respodaea obaerved
ln chroalcally accelerated anirdals are oot aeadlly
attrlbutable to the incre6.6ed gtavltatlona.I load.
FolerooBt aoo[g the6e Is the Daaked dectease iu
body fat rhich has b€en obEerved ln all chronlcal-
ly accelerated aniDals except Donkeys u4,20]. For
exa[p1e, chlcken6 phy6lologtcally adapted to a
field of 3 G nay have a body fat cootenr of 2Z
eheress earth gravlEy controls have 23I body fst.
thls 16 trot the resul.! of aD habl.lity Co ecqulre
feed nor of aDy oetebollc ln6ufflclency, becanse
los6e6 1n body 6ubstance durlng a superfurposed
faat are readlly recovered upon res.1loentatlon.
Cotl6equent].y, the6e decreases ln body De.ss eIld
body fat are regulated phen@ens. Aoother re-
aponse oot readLly related to the increaBed Load
of chaotrlc acceleratlon la an Incteaae ln plasre
proteln ltr sooe 6peclea. ln chlcke[a thls 16 arlth-
r[etlcelly related to fleld slrefl8th, etrd et 3 G

plasea ptoteln concefltrstlon 1s ltrcrea6ed 452 [2].
Such physlological aesponses !o chroolc accel-
eration lndlcate that the effect of lhe Sravity
fleld Is transduced by 6oDe 8ravltatLonafly seoal-
tlve !1s6ue. Thls also tDplles that there ete
grevltatlonally aenaitive organs that are aot yet
ideotlfted ss 6uch, It hes been ptopo6ed thet the
braln uey fulctlon a6 a ttavity tecePtor [7119].
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Fl8ure 2. Cenlrlfuges develop an inertlal fleld
that 16 perpendlcular to earch gravity. The net
acceleratlon field 16 readlly evaluated lrlth the
Pythagorean theoreD. AniDal centrlfuges cherac-
ler16tlcsl1y have cages oounted l,1th lo of free-
dm, rrhlch orlent irl operatlon so that the net
ecceleratlon fleld i6 perpeodicular to the cage
f1oor. Cotrsequently, the net fleld ha6 the s ane
orleotatlon, r,l!h respect to contalned eufual6, a6
doe6 earth Sravity for 6tetlc anl.na1s.
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The valldLty of coroblrlnS lnerttal flelds and
Sravlty requlre6 6or0e exaolnetlon, slnce lnertla
ard Bravltation are dlffereDt physlcal phenonena.
The relatlonshlp between lnertlal oe66 and gravita-
tlonal oas6 wes lnve6tigated by tliitvijs, e llungarl-
en phy6icist, in 1889, flndlng lhat any dI-fference
betrreen thee eas Ies6 !h6n ooe parE 1o l0v. Tht6
lnforDaElon lraa fornallzed by ElnEteln 1n 1904 a6
the Prioclple of Equlvalence -- ihlch was the
poln! of deparlure for hl6 cenerat theory of Rela-
tlvlty. Thls propo6es thet the effect6 of acceler-
etloo f1eLd6 are lodls t ingu ishable, lrre6pective
of lhei! physlcal ba6es, 6uch a6 gravltatlon o! ln-
ertla. Conaequently re6u1t6 oblalned otr atl anl-Da1
ceotrlfuge can be coneldered to be the ssDe a.6

iould be found on a Eore Daaslve planet that has
an equlvalent fl.eld of gravlty, arld the lesults
obtained In earth-orblt can be as6uoed to be the
Eae as tho6e ftm a Sravlty-free conditlon. The
a66uop!1on that travlty hae I1o effect ltr a net-
relShtl€ss 6ltuatlofl oay be te6ted eve[tual1y by
coBparlng result6 fron enfuals 1rI earth-oablt and

Lo motr orblt. Sloce Sravity $11L be 6-fo1d Sreal-
er 10 eatth-orbltr a sLnllarlty of reBulta froo
the6e ttro se18htle66 cotrdillons tould conatitute a

blologlcal conflrdatlon of the Prtnclple of Equlva-
1etlce.



The occutreDce of thleahol& fot aoDe Eravlta-
tlonel effecta cao be aotlclpated. Perlode of
irelghtlessness, up to 45 aecood6, can be produced
1n hlgh pelforEance sircralt by flyi[8 a ballktic
trajectory -- the rrparabollc EaEeuvea.rr In sone
expealnent6 a sEe11 centrlfu8e (0,9 E radius) ha.s
b€en carrled on elrcraft aod opeEated durltrg perl-
ods of fl18h!."!e lghtles sness, producing net fleld8
beteeen reelghtlesooesB aod I C. Io xabbttE and

dogs the 1eg electrooyogran was observed to de_
creese ln flelds les6 than I C [23]. ProPrlocep-
tr.ve reflexes adJust very rapldly h a decreased
gravitatlooal fleld, the 1eg s t retch_ref lexe6 be_
ing lost wlthlfl 5OO x0sec of l,e&h!l'essne6s IIl].
In olce aod rats, a nolEal poslure atrd locoootlon
is Lost ln fteLds less than 0'28 to 0.30 G -- and
lt was concl.uded thal 0.3 G was the olninur fle1d
ccEpatlble with normal orientatlofl and locomotlon
1241. A 6ilflll.ar re8ult obtal[ed lrlth chlckens
cornterbalaDced at earth Srevity. When 602 of the
noroal 1e8 loadln8 !ra6 reooved, aniEals Iost nor-
oal po6lure aod rele severely 6tressed [3]. This
lDdlcate6 !ha! chlckens aequlre a f le1d of at
least 0,4 c for oalnterlance of Po6ture and locooo-
!1on. It oiSht appear lhat larger atrlhals can
functiofl io leGaer fields since lhe APo110 astro-
nants I[eintalned a Dolna1 postute and coope!ent
locoootlotr on the mon surface, 0.16 G. Howevert
the a6tronautsr l,ho had a oean body 6555 9f 76 kg
[8], vere mass-Ioaded wlth 172 kg (PfSs afld ault
[7]), and thelr 1e8 loadlrB on the ooon rras equiva-
leflt to an 0.35 c fleld for ao urencuobered astro-
na\!!! So, it aPpeers that 0.3 to 0.4 G may be a
general threshold for Ealflleoance of lhe po6!u!e
aad locmotlon that ls characteristlc of terre6trl_
af exlEtence. Slnce the chro[lc loss of lhese
fuoct lon5 shouLd have a btoad influence oo the ani-
oalrs physlofoSy, 0.3 to 0.4 c Day be a Seneral
threshold for fuoct lono chalacler16tlc at earth
gravlty and Sreater flelds. The los6 of such
proprloceptive functton ln 1es6er fields Eay be a

faator 1n the apace slckne6s tha! has been en-
coutrtered ln rel8htless[e66.

UItl-oately, coloole6 on rhe ooon (0.16 G) and
Mare (0.4 G) lrlL1 provide fields for Sravilatlonal
sludles between weiShtLessoeos and earth Sravlty '
llowevert current ex:r.[Ioa!Ion of the Phy61olo81cal
effect6 of fle1d6 lnternediate b€lceeo ,elghtle6s_
ness and eaath Sravity wtll require plachg centli-
fuges on orbltlnS sate1lile6, sumlnt ttrree accel-
eratlon fields. Such a centrlfuge, opetatlng at
Ic, sill aLso provlde an es6elti€1 control for a
setell.1!e enviroment. A stDilarlly of resultg
frco a 6atel11te lc-ceotrl.fuge and fron slEnlta-
neous earth-6urface obBervatlorls $ill provlde a6-
surance that the prlnclpal factor 1n the salel1Ite
eoviron@flt is the alteted acceleretlon fte1d. It
la cmmnly underBtood that nonSravltatlonal fec-
tors in the cetrtrlfuge eovlron[ent Bay aIBo con-
trl.bute to the result8 of chronlc acceleratlon ex-
perleots I17l . The6e faclor6 1nc].ude rotstory
rate, varlablllty of f teld lntens lty l[cludtrg
head_to_foot gradle[t6, chan8ea In gas dlffuslon
reaultlng fr@ a 1ocal lncreaae 1n ga6 denalty and
tsechlne effecta -- nolse, vlbratloD, etc, In ter-
re6!rlal 6ltuatlorl6r IloltattoDs froE the nonaccel-
eretlon factots are avolded by uBlnS large dlaDe-
Eer centrifuges and the use of conlro1s -- such as
enl-Ee1s expo6ed to the nachine fact016 lrlthout a
signlflcan! change ln the acceleratlon fleld. ltow-
ever, Bate11lte constlalnts nay not perfllt these
u6ua.l procedures for on-board ceotrifuSea. Devel-
opinS suilable 6ate111te centrlfuges nl1I requlre
a ouch better understetrdlng of the techtrology than
nos ex16ta. DevelopDent of such lnfornatlorl rould
be en addltlonal beoeflt derlved frod a vlgorously
pursued progre of chrotrlc acceleration tGa€arCh.

There a16o are sub6tantlal theoretlcal bene-
flt8 frcm the applLcatloll of chronic acceleretlon.
Wlthour the use of centrlfuges, curre[t observa-
tlon8 wl1l be llnited to weightlessnesa aod earth
Sravlty. Slnce lt 16 not po6slble to gelreralize
fr@ two polnts of observation, chronlc accelera-
tlon techrlques l,111 be necessary for the develop-
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Wher€ chroolc ecceleratlofl treatEents are re-
pealed at 6everal fleld lnteoslties, the deSree of
the observed physiologlcal @dlflcatlon ls 8etrer61_
ly related to fleld strengthr and these ceo be ra-
lloDallzed by a regression of the de8ree of Phy8l-
otoglcal re6ponse upon fleld streogth. This afla-I_
ys16 trltl yleld an equetlon' ,h1ch oay be arlthne-
tlc, expooeo!lal or soDe other Eathe[eticel fotm.
characterl6!Ically the equatlon wI1l' have two co_
efflclents: one of these 16 a Proport lons.l l ty coef-
flcient, telatlng the two parareters, and the
other i6 an htercePt value, a DatheEatlcsl predlc_
!ion of lhe effect of ,eightlessDes6. Iopllclt
h such a procedure 16 the concePt tha! the effect
of Sravltatlonal fle1d6 16 cotrtlouous, 60 thal the
chaoge6 produced by fleld6 seaker than earth Srav-
lly are related to the chsnges produced by 6trofl8-
er fleld6. Ihere ls 6oEe aupPort for th16 co[-
cepr. Afl observatlons obtahed by varlous neth-
od6 ln gravltstioneL phy6lology lndlcete tha! lhe
lndependeot varlable Is the acceleratloo fIeld
6tretr8th -- whLch, of ccnrrser 16 a continrouE frmc-
tlon. Consequently, the PhysioLoglea.l resPonsea,
,hich are depeodetrt varlable6, Ebould be contiftr-
ou6, excePt ,here there are qualltatlve challSes h
the fleld effect. For exaEple, soDe threshold
fleld hay be requlted for a Partlcula. Phy8lolo8l-
ca1 te6ponse. Above Ehat threshold' the character
of the phy6lolo8lcaI reaPolse l,i11 be PropottLonaf
to fleLd streoSth. Bowever, 10 Ie66er flelds any

changes ln that phy6iolo8lcal procesa sould llot
have the s sne relatlonship to chentes In fleld 1n_

tenslty -- aod the kluetlcs established in the
SravltatloaaJ"ly-effect lve range lrould no longer aP-
ply. Llkewise, 6oroe 8r avlt at ional ly-6ens It lve pro-
ce6ses aay have oaxloal l1n1ts and becoDe oonre-
spotrslve Ld greetet flelds. For exaDple, the 6ev-
eae decslciflcatloo lu unloaded bone, encountered
1n bed rest and tn eeishllessfiess, ha6 no counter-
part 1n hyPerdyn&olc eflv1roonent6, lrhete atry re-
ported changea ln calclflca!1od hsve been ainor.
Thls lndlcates lhat lhe Sravltatlooal lnfluence on
booe denalty reaches a naxlouE ln flelds of near
earth-Sravlty atrentth.

At preseot there ls not 6ufflcleot equlvaLeot
loforEetioo for a reasoDable test of the valldity
of a cont lnu lty-of -ef fect coDcept; horever, for
soEe phetroaena lt doea appear to aPPly. A coopari-
6on of pla6da volurea ltr anl-oeI3 that ate chronl-
ca.Lly accelerated or expoaed to orbltsl selShtl'ess-
ness lndlcate a contlruLty of the gravltatlonal ef-
fect above and be1o, earth glavLty [2]. Red celt
Eass sl6o lncrea6ea ln chronlcally accelerated anl-
oate [2], and the klnetlcs sre 6harply hyperbollc,
becoolaS uextral beteeen 1.5 and 2 G' where the
proce6s appeaEa to be Eaturated. Th16 doea tlot te-
present a llELt of erythlopoiesls, shich ia capa-
ble of nuch greater productlon under e hypoxlc
stlfiulus. ln a.6trotrant6 exposed to 60 days of
nelghtlessoe66, red celt Easses decreese abo.It l2Z
[9], 60 there also o6y be a conlloulty of gravlta-
t lotr6L effect otr red cell Daas. The change6 1n
pla6Ea voluDes are retlonaL lo terns of the llenry-
Cauer reflex, hogever there la lro basls 1n current
udderstendlng for a travltstlotlsl ltrfluence upo[
body red cell DAaa.



dent of Bclentlflc Setrerallza!lon8 ln gravlta!ioll-
a1 phystoloSy. Collsequently, sub8tanlla1 acleotl-
flc beoeflt $ou1d be obtained by the addltloo of
centrlfuSa!lon 6tudles (on satellltes snd eerth
6urface) to experlment6 conducted in earth-orbl!,

In order to unde16tand lhe phy8lologlcal co[-
sequeoces of earth gravlty, obeervatlon8 ln flelds
Sreater thaD lC a1ll be a6 lf,portaD! as !ho6e ln
flel& of leager lDteDalty, A fulL underataodlng
of the effects of eerth grevlly Eu6t be the u1t1-
oale obJectlve of Gravlta!lonal, Phy6lology, and
th16 IJ1II be of gteat geoeraL lroportatrce, sloce 1!
ls the one coonon factor ln al1 terr€striel phenoru-
e[a. A.lt]lou8h ,e stlll ttray oot be able lo @du-
Iate earth gravlty, underotandhS lt6 aole wl1l be
of gEeat aEslstance to the solutlon of probleoa or
understandlog of processes phere 1! is a factor.
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THERMOMUTRAL ZONE AND SCALINC OT UETABOLIC BATB ON BODY T'IASS IN SUALL MAMMALS

Nel'lo Pace and Doneld f. Rahlsann

Unlverslty of Callfofirle' Betkeley 94720 USA

It has been l"'ell kdown fo! oany years that the
Detabollc rate of mamals may be lEereesed aB buch
as 2- to 3-fo1d uoder lou anblent teoperature cou-
ditioos (5). It ls also l,ell establlshed thet thele
1s a teoperature ranSer knoun as the thelDoDeutla1
zone, wlthln whlch the netabollc rate 1s at a olnl-
nuo, Beloqr the therEoneutral zooe, body t@Perature
is oelotahed by ao lacxease in heat Productlou rate'
a6 1n shlvellng, and by a declease 1tr heat loas froo
the body 6ulface thlou8h oechanlsms 6uch as skln
vasocoostrictlon, plloerectlon aod behavioral Eodl-
fLcatlon. Above the therDoneutrsl zone, body ten-
perature 1s ealntained by hcteased evapotative heat
loss throuSh slteatinS, pantlDS, ot wettlng of the
body 6urface by 11ck1n8, all of whlch entall an
lflcleased rdetabolic cost.

l.le have previously descrlbed (3) a  -specles
anfuoal nodel sultable fo! experlDental 6tudy of the
effect of change la 8tavltatlona1 loadlog oo the
6ca1e relatlotrshlp betitee[ Eetabolic rate (MR) and

total body oass (Ttslt). the nodel conPrlses 6 Eeta-
bollcally oature anlnals of each of the 4 comofl
laboratoty EErmsls, hzrmster, rat, gulqea pig and

rebblt, $hich provldes a body nass range froE 0.1 kg
to 4 kg. Measurement of ltrdivldual netabolic rates
ln the aoi.nals utrder staodard condltlons reProduces
the c1as61c xlelber allooetrlc relatlonshlP for
m:uEDals

Ifl,kcal.hr-I = z.a2(rnu,kg)0'756; r = 0.998.

Idea11y, the netabollc tate rDeasurernents should
be nade at thelDoneutla1lty, but the thedoneutral
zone for the rat has bee[ the subject of 6oDe argu-
netrt (2,4,7)t and 1s Poorly defined for the hanater'
gulnea pi8, or rabblt, Accord1n81y, we heve carlled
out a study of the effect of aoblent teDperature oo
netabollc rate in 5 Eale anlnals, 8-10 oonth6 of e8e'
of each of the 4 species ln the anblent teDperature
range 20o-36"C. The aDlrnals vele obtalned fron
coEoerclal soulces and Daintal[ed 1tI lndlvldual
cages ln an aniDal colony rooD kePt at 25" I 1oC.

on the day of an experlment an an1na1 ,aa trais-
ferred froD hls hooe ca8e l.tlto a Thertoooetlcs CorP-
oratloo, San Diego CAr Sradlent layer calorlloeter
located ln a controlled eDvlronsent room aet at a
partlcular teEperature r,1th 502 reLattve hueldlty.
The contiouou6ly ventllated calorlmeter chaDber used
for the haDsters, lats and gulnea Plgs rneasured 15
x 15 x 30 cm, and that used for the labblts neesured
30 x 30 x 60 cn. The apparatus oeasures sensible
heat 1o6s from the anl,oal by Deans of therDoplles itr
the chaober uall and ln the enttance alld exlt air
streans. Latent heat lo6s 1s heasuted by meens of a
BenzloSer-type condensing plateoeter. The anioal
reDalned ln the calorLneter chaEber for 4 hr, aod
the Eean senslble and latent heat loss rates durlng
the filral hour rrere sururated to yleld a value fo!
oetabolic rate. At the end of the 4-hr period the
afltnal was returued to hls hooe ca8e, atrd raa6 not
placed ln the calori.deter again for at least 4 day6.
Each aoihel ,as neasured at 5 or 6 different anblent
temperatutes In the course of the study.

The Eetebollc rete neeaureoeata are gumatlzed
in Flg. 1. Each Polnt repreaents the mean and
stand;rd error values for 6 anioala 8t lhe adbl€nt
teEperatule lrdlcated. It day be seen thet the
ntaloum uetabollc rate occurred 1rI the vlclatty of
29oC fo! the haEstel, tulnea P18 and rabblt, ehele-
as fo! the rat lt \ee6 near 27oc. Anely6is of varl-
ance levealed that the uetabollc lates both belort
end above these teDPeratures $ere s1tDificetrt1y
Sreater than the olnleun vaLues at P <.05.
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.9
o
€ 40
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n2a3034222630
Ambient temperature, 'C

l. Uetabollc tate as a firoction of
teDPe!atu!e.

Io order !o facr.lltate cooParisoD betUeen sPec-
1e6, the Eetabollc lntensity (kcal.ht-I'kt-l) r'46
conputed for each anl5al at the varlou6 a$blent
teoperature6 and eaPressed a6 a pelcentege of the
El-trI-sun Detabollc lntenslty observed. The results
are ahown In F18. 2.
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F18. 2. Uetabollc lntetrslty as a Percentate of the

tnlninun netabollc rete,
It ls evldent that the asbleot teDperatule baod-

eldth about the ElninuD, 1tr shich the uetabollc
lntetrslty lncreases by no Dore then 5X ls about
2-5oC, depeodiog upon tbe species. Idea11y, the
staodard DetabollsE of heDsters Bhould be neasured
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at 29o I 1"C, \rhlle that of lata could be meaaured
at 27o ! 2'C. Both gulnea pigs and rabbirs could
be Deesuled at 296 ! 2oC.

Howeve!, lt rrould be desirable ln sohe scale
effect studles, auch as 1n specefllght expelloeflts
to neaeure the netabolic tate of anlnals of the
4-Bpecles Dodel at trearly the 6a.me tlne aad at a
comon ambletrt te[lperature. llence, a reasonable
coEploDiae appears to b€ the anblent ledper:rture at
29' t 1'C, shich ylelds oetabollc lnten6iries ieII
wlthirr 102 of the tllnllnull values for all 4 specles.

Aa a te8t of this coepromiae we computed lnter-
polated values for eetabollc late at 29"C for each
of the 24 aulDals of the 4 6pecies srudled, aDd
derlved the allonetrlc relatlonship between Detabol-
lc rate and total body mass by loSarithnlc least
6quares flt wlth the followlnt result

MRrr.a,kcal.hr-1 - 2.91(TBM,kg)0'766; r = 0,979.
The equatlon paraoeters are not slSnlflcantly dlf-
fereEt froo tho6e for the Nlelber relatlonship.

Oa the other hand, llhen the iflterpolated values
for metabollc rate at alr ambLent terdpereture of 24"C
ltere uaed, the alloDetrlc relatlonship becane

MRrO.a,kcal.hr-I = l.St(rSl{,kg)0'676; r = 0.987.
In th16 instatrce the equallon paraoeters are slgnlf-
Lcantly different by anal.ysls of covariaoce (6) froE
both our 29oC data aod the Rleiber re1at1on6hip.
Itle posltlonlng conslallt is elevated because of the
hlgher Eetabolic rates at the lorer amblent temper-
ature, and the expoDe[t is lessetred because the
Detabollc lete of the sEaller anlnals was itcreaseal
proportlonat€ly Eore at the lower teDperature than
!,as that of the lar8er enihals. llence, 1t nay be
coEcluded that the coadltlon of therEoneutrallty 1s
lEportalrt for Detabollc 6ca1e effect studles, and
that the theloooeutral zone for the specles corlsld-
ered hete ls a narrow one.

100

2. 26 30 34 2. 26 30 34
Ambient lomperature,'C

Fig. 3. Senslble heat loss (upper graph) and larenr
heat loss (lot,er graph) as percefltages of
total body heat 1oss.

our oeasurements also pernltted partitionlng of
total body heat output luto 6ensible heat loss by
ladletlon, conductlon and convection, and lnto
letent heat loss by evaporatlon of rater frorD the
body surface, as a functlon of alnblelrt teoperature
at 502 relative hueldlty. T1le results ale shown ln
Flg. 3, where It may be seen that seIlslble heat loss
ls predoolnant ln all 4 6pecles at lhe lower anbieot
teEperatules, as might be expected, and that latent
heat loss does not becoDe predonloant unt11 the
therooneutral zone 1s exceeded, Furthermole, it ls
evldent that a specles dlfference exists rith respect
to partltlonlng of heat 1oss. Ihe haoster and the

rsbblt conslstently lose relatlvely nore body heet
by aensible loss ovet the anbleot teEperature laute
studled than do the rat and gulnea p18. The haD-
6ter ard rabblt evolved as desett Dalmals, and
perhaps have been selected through evolutlon to
oinlnlze body rater loss by naximlzlnS sensible
heat loss froE lhe body.

Horrever, as aoblent teopetatule exceeds body
temperature, latent heat loss accounts entlrely
for tolaL body heat Loss. Eventually, a llnttlog
aobleDt temperature 1s reached beyond ,h1ch body
teoperature can Do longer be nalntalned and death
ensues. The 11ai!1n8 aEblent teEperetule is a
functlon of the relatlve hunldity of the ambient
air and of the capeclty of the a[1oa1 to provide
water fo! evaporatl-on to the body surface, Adolf
(1) ha6 described the condltlotrs aepresentative of
6urvlval of 502 of a group of anlEals of varlous
species for atr exposure perlod of 3 ht at varlous
conblnatiofls of aebient teepetature and telatlve
hunldity, For 501 relalive hunldlty the lethal
tempetatule for 502 of the anloa1s, or LT-50, 1s
38"C for the mouse, 39"C for the rat, 41.5.C for
guinea pig and rabbit, atrd 46oC for man, cat and
dog. Thus, the L1-50 for ou! A-species Dodel
appears to be about 10'C above the thernotreutrallty
zone.
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IsE REGI'IIARIITIB9 OF NEITATIOtr'SEIES BETTEEN STR1TTUEE .OND TUNCTICN

UNDER DIIFEREM FI'trCIIIOAA! IOADS (EOUE6&ASIS AND EOI{EOUORPEGIS )

A. X, UtolGv, B. 7,. Zarl.g/oa, aDd A. I. UalatakhuDov

Thc Iraboratory of PhJrglololg/ of l{utrltloa' I.P.Pavlov
IDstitute of PlNrslolo6r of tba Acaalory of ScleDcos of
tbo IrSSR, Leatlgrad' 199164' USSR

INTRODITTION
ths effect of \yp€rgrayltatloD aDd \y-pogravitatlo! o,1 tbe structur€B a:td fu!c-

tloDs of tbe olgadsE 18 a part of the Dc-
re B6D€ra1 ploblen of !€latlonaLips bett-
arl iulatloDal Loaals, oD the oDe h€3d' ald
fulctloDal a:cd structural respoDsos of tha
olgad.sD, o! tba other ba.!d. Accolehg to
tbe preaeDtly accapted yj.ers, a firnctiotl
18 subJccteal to a dlroct costrol' a Yarlr-
tlo! of fuactlolal load,s lroduceB dlr€ctltrI
adaptlvr alteratloDs of fulctlotrs. The Ia-
tter cquaea Becoadary fu.DctloBau.y dePea-
a1eDt cbarogea 1r tho structur of tbe orgaD
(1-12). Ihl.g Lr[I)lles tbat rlth lDcreaslrlt
functloDal loadar a \rP€rtulrctioD of thr
orEaJl ariaes rLlch tbsn leads to itB \y-
D€rtrophy aDd ryp€rplasla. Decr€aBlng frE-
ctj.onal load.E oD thc backglould. of hyPo-
fi:DatloD r€aults 13 \ypotlopry ard bypo-
pla8la of tbe reapectlve stfucture3.

!lb,e procaasea of tbo Btructursl-fu:rct1o-
Dal cha.Dges of alor orga!, iD a sidg! BeDae
roay b6 coDsldet€d as adagtlva boaeoetaslB,
bccausc 1a thls ray a r€latlolshl! botreea
Btructure s.Dil fulctl.oa 18 raiDtaled at a
certal.:l 1evs1.

Eoreyelr lD. late 7o-t1sa ro obtal.a€d
aeveral data sutgostr-B tbat a colltrol
over structurcs EaJr bo acLlo\Ied iDdepsn-
doDtly of trrDctloDa 1:r aa! ltlo:r to fuDcti-
oa-deiendsDt corxtlo} of tho Btructuro (9 ).
Tbe rogxflatioD of the stnrcture 1s b€iDg
rea1lz6al by BpeclaL EechsaiBEa rh,oa6 Datu-
Io 1s 8t111 ulcertalD. Such a tJDe of ho-
Eooatasla, la coDtrast to honeorbssls (a
tglu nb,or[eolb€slai' ras proposed by C.gail-
tlilgtotr fo! doBl8latloD of the fuDctlolal,
boEeostasla), ve callerl hoBeoDorphosia or
hoEeo8taslB of strllcturos (8).

Reveallag hoeeonor?hogia la a:l 6xpcrl-!.!t 18 ratber. dl:fflcu.l't slDce oD\r lD afsr casss, cleated experfu€EtaL coldLtL@s
could prorLale ar lldepeDdelt coDtrol o?or
tbe cha:r8o8 lD Btnrctur. sDil fu.Dctlo!. Iu
tb16 !esp6ct, the sDaI]. lltestlDs ls aa
ad6 quate sld frultful obJeot.

ID thls r€Dort, aoEe geaeral regularl-
t1€s of tbe stnrctural-furct1oDal cbar:geab tb,€ nucoBa are coDaldeled iD terroB ol
relatloDsLlBs betreeD th6 structure a.DdfulctloD of th€ rat sDal1 btestlDal tEu-
coEa u:3ds! differellt fi]lctloDa]. Ioaats.

For thls purpoae r we used a coDYodeDt
ald eaa1ly lDtet?retablo Dodel of EDo-
ard hype lfutc tlotdDg lDteBtlD8l tubc.

IIAEE&IAIS AID ITETEODS
The exped-DoDta pere perfoloed oD Ea16

wiata ats rltb 1rit181 rel8bt of 18O-20O
a EIY9D a ataldard ratiou.- !o, a prorlsion of llcr€ased or dscrea-
8ed furcti-oDal loada otl deflalte parts of
tb€ soall lDteBtIlc aDd I0odl.ficatloE of
ou.alitative characteriat j'cs of tbe8e losd.s'
fe calrled out 10 tl4res of su.rglcal oPela-
tioDa rhlch arc scheEatlcally repr€ssrtsd
1D Plg.1. Each Stoup of the oPeratcd ad-
DaIs tlcluded 7-8 rat8, Ibe sDaU Utostl-
De ras Eubd1vld,ed 1!lto ? es8reatg. fbe
fllgt of theE 18 tbe duodoDtE aad subsc-
quoDt slx are JeJulal aDd lleal segDeDts,
e qual 1a leD€ht .

ShaE-operated !at6 of tbe saoe sex, age
ald ,eltbtr refelrad to aB coEbrol, u:cd6F
roEt I laparoto!ry (I) follof,ed by a dl,€[-
ta] nanlpulatloD od tbe sEall l,1testl:16.
IbG ,!rrt 6 typcB of opelation ltrcIuded a
resoctloD of'a1Btaf (1I) $d p1'ewtncl (III)
partB of the sall Lrtestl@ i e]l i.Bolat1-
oa ot di6tal, (fV) aad prorinal (V) parta
rh€D tbe corroBpoDdlc8 lDtestlDal Be8EeGts
ar€ 1n the body but excludod floB tllgcsti-
oDi a bJrpass of dl8tal (VI) and proxiEA]
(TII) parte rheD th6 snall lnte6tlral sE-
uort tB lsolated frcn food passago but tho
cryEo floE tE[B sogncEt cDtcrg norc d1s-
tal lrart of tb,s gastno-lstoEtlnal tract.

llo Etualy the role of d1rtct costact et-
focts of the chJ[o€ factola, a apccLal ope-
ratlo! raa nade (YUI) yh6! tbe ?th seg-nslf of the l8olated Dart of the s&all lD-
testbs (4-7 segDeEtB) sas alastoDosed
rlth prorlDal JeJtrJcu!. Uo!€over, a trala-
posltloa of prorleal a-Ed dlstal partB of
tbo sEall lDtestlD. (E) ras acconpllsheal
rhlcb llcrsaaod fuetlonal load on the d1-
Btal Barts a.Dal decreaBed tb€ load o:1 the
p:!.o:cLral part8 of tbia orgsa. Slra1lJr, atralsplartatlo! of tb.a blllarJr-paJicaeatlc
ducts_tg tbe begl'..r ',6 of the bJ4)aBs acg-
Dcrt (X) proyld{ ng a r€leaBe of thc seciet
of tha dl8estlve glatda ltlto DoD-furctlo-allg gctBests of ttr EEa1I bteatha, aBrsll ae sone other ope:ratlola aot hcludcd
1D tho pr€aeEt rsport rcle D€r{olood.
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319. 1. A scbetle of oDsra-tloDa 1! studi1ls
tb,e gtructural ard
flrrctloDal cbarac-torlstic! of tho
6!a1l lutosth..
A - tho stolach,
E - th.e coIorl.
1 - tbg duod.sDuo,
2-7 - segro3llt8 of
tbo J6juluD aDdilou!. Obh€r efple
,latloDr ae6 1:1 thatlrt ,
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Ie eatfulat.d tb€ nucossl nase, light
ald elcctloD nlcroBcoplc charactellstLcs
of thc lucosa aa reII aa Buclaa€ (EC ,.2.
1.4a) ald alka11!3 phospbatasc (N ,.1.r.1)actirltlcs of tbe eDteroctrrtca 1a each of
tbe 7 sogDeDts of tbe lat s[aU l:$estl.D
L,A?, 1r, ,0 aDd 120 dalro after tbc aboYc
!!6DtloDed Bur8[cal lEtereDtlols. Ioghai-
oal detalls bsva boeD ileBcdbaal prevlou!-
ly (9), tb6 data obtalc.d ro:cc o8tlDat6d.
by tho StudeEt aDd Fl8be! rethoal.

msullls
tLts t Dott ples6trts ths lesults fron

thc studl.os on tbr structurEl cba.D€ts ol
byBo- sld \yporfulctlotdls 6egl0eEts of tlo
rat st!8U lt$est1!. at dlffoloEt lDte!ryals
afler III' Y atd VII tJrPcs of oPeratloD.
Ior s rosectloD, lsolatloD aDd bJryaaB ro

used a seglerrt rhlch is lI1 1@edlata co!-
taot ylth th6 duodeDu.E ald oqlraL L! IcD6lrt
to tro-tLlrds of tbe je jutu! ald llcuE
(2-5 setD€nt8 oa F19.1). ThsB. data yclo
coE?alcd rltb the lesuLts of studlcs oa
thc aaJD6 paraBoter8 1D tb. coDtlol (I).

ELg. 2 dcDoDatratea chrllg€a lD Eucosal
M6s of tbe rat tluodo .I! at dl.ffclld tl-
tes aftor tbe operatloDs 1a p€r leEt to
the control. As ca! bo BeoD, afto! tb€ :rs-
Bectlon (typ€ III) a bypoltrophr of th€
duoaloErl! yas trarL3d\/ erpDessoal; tbls tLr
albt ca.D reaallly be exp1Bb.d by a[ eD-
halcel3at of fulctlo! ald flEctloD-dep€E-
deEt hlDefilophJr (1-12). The coupad-oa
of tb.s cot.sequoDcea of the isolatloD (ty-
po Y) a]r.d the bypa8s (tyDe VII) operatlo-
Da ls of treat lDterest for undelst8:rilbg
of tbe effects of the ldolatsd segDaEtB
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Cbalgpa ID rEucosal
eaEs of tb€ rat iluoi!3-
mre &fto! lapalotory
( 1), regectloa (2),
lsolatloD (1) aad by-
pa88 (4) of th€ proxL-
ra1 prt of the BeaLI
latostlDs .
Abacl8Bar tlDo aff6r
operatloD, (1! aays ) ;
OrdlDato r the Eucosal
Easa of tb,s duoderra
iD p€! cotxt to the
coEtrol tabD aa 1@.

3 ArA.2.

t

of the s!a].l lnteet1!€ oD, 1t6 fillctiordlrpatts. I! fact. la the f1r6t case, a coD=
Doctlon b€treeD tbe lsol.ated palt of the
s!a1l lrtoBtl.!, ald the orga.ElaD 1s bob6
reallzoal ot[y throu€D blood rraBols ald
EosOlterlc Der986, xhereaa 1! thc aocorrd
oe6e, apart floE thoBs rays t!.6 lso1at6al
sepellt r€na1!8 aD oEtry of tbe cryoo tbrc
u€b a shust 1r$o tho fu.Dctlod.Dg p8!ts of,
the ili8ostiy€ apBaratus. Aa ca!, bo soe!,
(F1S. 2), as oarlJr as 1! 15 dAlrs Efte! tbo
bJrpaas the effeot of thls operatloa oB th€
rucoeal DasB of the duoaielu.D becolos prac-
ticaLly 1lcdl8tlD6rrl.8bablo tron thst of tb6
rreaectLo[. Eorevsr, Iaten 1a 4 loEthE fol-
lor.bA tho operatiorl, tbe effect of the
bypag8 iulest1:!3 is Da1Jata1!6d, 1lr coDt-
last to the lsolatloD (rhor th€ effeot of
tr?reseDoerr disaDpsars). llbl.s 1lodlcates
that conpe:laatorT byp€r?Ia81a of tbe aluo-
deDr.u depeDda Bot orrly oD lDcrEasgtl loads
p€! udt of nucgaal ar.oa but a]-so oD the
e]mb€r of oltelocJrte populatlo:ls ,

Ihs cbal8€E irx tbe tota.L EucoaaL EaEs
of 7 segnetxts of the BDalL lnteet1lt3 at
dlffeleEt turterva16 aftsr the i6olatioD
ald the bJrDasa ale shof,:r !x F16.r.

Ihs aDaLyBls of the ti.us QrDaEIcs for
a conpoDsator? process (froE the 16t reeLto 4 noDths ) revealg that afle! botb. ope-
ratioDE a progr€sslye hfpertrsopNr of ths
nucosa. tabs place iD the functlonbG ss6-
rsDts ( curve I) as salI as lts atroplsr lD
the^ Begpenta exclud.ed frou d16ostLoD (qrr-
ye z). Eosevar, a BuEnatloa of th6 Daasof fur'ctiodlt ald Do!.-functioDlEg 8eg-
uelta of tbe snaIl lDteEtla€ has eade poa-
slble to soDclude tbat tblou8bout the aD-
t1r€ perloal of obaervatlo,ls the total DasEof the snaU lltestltr.l nucoaa !eDa1D^e al-
nost u-ncb"B!€ed ( curve 'l ) .

C CINCIJTtsICN
It 18 belleveai that tbe flt of tbe

structurc to fulctlotl 1s a Eeaaur€ of l.taperfectloD a!d, thelefore, a colcapt of

,t20

autoDodc regu].atlo!' of the stluctu.ra 1D-
depeDdently on tbr fu.lctlo! soeD6 to be
paladoral ald urconvhcLng. Really, tt 18
ea6y to uldel8tald tbe pbyBlologlcal rcol6
of tb€ nuco8a]. bypertropby ".d hypotropby
doyeloped Ia tbo sDsll htsstlD€ 1! r€a-
poDao to elthe! llcreasllg oa declleas1lg
dletarJr 1oada.

Ih,e nucosal hrpeF a.ad hJ4oplaBla a.rl-
a1!9, as a coDaequelcs, fror hJ4)€F ard
hJDofurctlola h va!:l.ous BeglsDts of tho
rat snall 1!testi!6, DaJr be charactelr.zgal
aa a fuDctlon-dop€ndeDt ttsguLatioll ol the
stflcture. A1o!A rlth tblB, llg., Bhor6
tbat thele exi5tB a necbsJllet[ by yhl'ob
th8 total Ducosa]. Ea6s of th6 fi:rctloDlc6
aad DoD-f u]lctlordrcg parts of the Btoall
1ltsstlDe 1s DaltrtalD.d at a coD6taat le-yel, close to that of nucosal Eaas 1D c@-trol a.nfuaLs dull:]g all tbo perloiia of do-
velopnerlt of, a! adaptlve-oorp€laator? r€-
actlorr iD dlffs:loDt tJrp€ operatloD8. Sucb
a honeostaals of the Eucosal nas6 cerl not
be l:lterpletoil aB aa silaptati.oa of tb.e
Btructuro to elhartced or aleteJrlorstetl
fr:!ct1oD. Raths!, tbis ph€,lon€aoD should
be corslderBal as a Eaintetlalca of tho
Bteadi/-state structure hdepeDd.eDt of
eithe! Ucr€aae or decleaas 1]1 fulctlonal
]oatle. It ls the cl,rcuEta.Dce that eervGa
ag a basla for s! btloductlo!,, aa raa
above !,ited,, of the colcopt of hoEeonorlDr
eIs (8).

It nqy, probably, be suttestsd that
tbe f u.nctloBdependeDt structural cbalAoaprovlde a pos8lblllty fo! tbelr sdaptEtloato tb.e ed.stllg corditlolLE of fulctlodDt.
qo[€oEorph,osls roflects EeDetloatly pro:
deter.ELDsd adaptatloa of th€ structure to
a certaln level of fulct1oalD6. lho vlta-L
lEportalco of hoD3oEorphoslB iay be lllus-trated bJ' a DuI[b€! ot eralploa i:ron blolo-
ry, ID partlcula!, tho absiDae of rsrlat
EucosaJ. atropDy 1D the gastro-Utestlo&l
tlact -durlrg a prololgsd fastilgr rlde_
apread 1a th.e laturer -1s s! cgsditlal

? 1' ,o
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Chalg€a 1D the nucosal Eass of theeDthe rat Br0a.L1 intestllg after
alc op€!at1o!a. So1id llD€ - lso-Iatlo:r, das4ed IiDe - blDas6 ofrae ptoxl'[al part of the sDal1
lBteattur€ .
OnilDate 3 ths rucosal Easa of tboslall htestlDo iD per celt totbe coDtrol taken as lOOi Absclssa:
t1!e. after a! operation (ia mtbs)'l : tb€ tota.L nucosal, EaEs of fur:sti6n{ 'tg e.d DoD-fu.Dctlonbg set-neata, 2 - the total nass of aoi_fuDctloLlrrg and , - the total ns8soI I\rcctloni a6 segneEts of the
6Ea.l1 j.lteatlD3 .
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G.P. Parlyorov

ABSTRACI. Ibc 8en"tic, norphoIo81ca1
3l1d DLvstoloElceL ststua ot pr€s6[t-
aav -oria,Dtani 18 Msult ol the ef-
teit oi araylty thet plays tbree illf-
lerent bIt clobely relcted rolee, viz.
a6 8 creator and translol er ol the
eblotic e2vlloD.Dellt ' Bs B factor ot
netursl, aelectloa' antl as a p\ysloIo-
Rical EtLEuf'ua produchg mecha.ulcal
itregges. the grBYlty effects in the-
ae dltfereut roles are addressecl to
varlous structures, rsaLlzeal via
varlouB Deoha[lsloa, ard actualizeal
oa a,n Lncornparable tfue scale.

nomenolory ol v1tal proceasea. It rals-
es no ouestions cotrcerrlng necbanleng
o! chedges and tre.ts 8o-called eleEen-
tary biotogisaL procesaes. A1I data
obtiiaeal sre erpregeed aE illtegra]' nuE-
bers. In p\ysj-ological sclences eYen
rar alata are gone transfol:aation that
conr'erta neBsured alate into nunbers.
Ihere Ls eJx 1lcstr.rEent betreea a re-
searcber elxd a phenouetron to be Beaau-
real.

ilhat-biology 1s a atartlng polnt
for rby-biologJr. Its findings help to
tteteruine the evoluti.onel:lr strategJr o!
norphologlssl and p\ysloloAical trang-
forBatlo[s ln lLvlng or8anians ln res-
ponae to a contlrxuous elfect of zero-g-or to get relateil infolnatlon about the

since the eerly 6Pace ll'lghts in-
vestlgatLoue ot elfects ol relSbtless-
aesa Bre unde! f,alr. TraiutlonalLy' the-
se investl8atloDs are allvldeal lnto txo
tlrpes -- p\ysloloSlcaf anil bio1o81ca1.
fl-1e divlslon appeara to be purely coB-
vertlonal at tlrst sl.gbt but actuelly
lt haa aJr lDportant neanint becsuse tbe
lnvestlg.tLon8 elryloy illlfelelxt Eethods
anat, thls being nora sisDlficant, have
alllterotrt goals.

Llfe sclerces are horm to consLst
ot bot-biol,o&r, niat-blol.o6r' al1d ;hy-
blo1o6r. Eor-blolory is iD the scope
ot physloloti8ta, r1ro de8cribe tbe er-
perirle[tcI purpo8e' obJect anit regu]'ts
E6 a agarcb tor necbanlgng u8ed bY a
Ll.vbg organlsn to noalily 1ts atste or
behavior ln lesDoEse to envlrouentsl
eflsct6. Ihls 1s tat ed DbJslological
adsptitlon. Questlol8 put to 11v1n6
ay6teEa .nal thel! a,D.stera at the P\y-
slologlcal lev€I are alxays vlex€al as
erb.uatlve. It la a comon crror beceuge
thelr are adequate only titbln tbe pl\y-
slologlcal scale ot tLoe. thls 18 an
ansrer that LE setlsfactor'lr toalal'.

Ithet-blol.ogJr aleals rlth the phe-

evolutionary role o! travlty.
the sinplest result ol the fact

that eleoentarlr blolo8lcal events ileve-
]oD in zero-g rltbout ob8tructlon is
thit grorth dyna.ulce in z€ro-9, as f,elL
as on the Esrth' caJl be alescribeal by
a unl.versBl biological sj.gDold cu:'ve.
A siaBolal curve tas plotted to descrlbe
tbe Erorlh of bBcteria, pare.necia, aDi-
na1 c€II culture' Plant seeaillnSs in
zero-8.

In oriler to accotrnt tor the non0a1
development of bLologlcel proceases 1n
ze!o-8, re have oflered a \ypothesis
that clelns that 1iYltrt organises are
aalapteal to a graYl.ty-produced envlron-
nent rith a vectoral pbyslcal arrBnge-
Bent orr sil[ply spea&lng' top 8nd bot-
tom. Iherefore gravlty Bdaptstlou in
the p\ysioIoa1csl (but not the eYolu-
tionary) serss ls 8J1 iJrdlrect pa]raJlle-
ter of at leegt secotral-order. l{oleover,
etlaptatlon obserreal 1n nature Eail1y
has a phylogenetlc liealllDg. Adeptatlons
eDor8e llx the coulae ol a unitary coD'-
tiauous process rhose duretlon ls equel
to that ol biologicel evolutlon on the
Earth or at Leest to tbs duratlon o!
blologlcal eyolutLo! tbst begaD rlth
cell eleJgenca, 1.e. no 1es6 than
3.8 x lov years ago. the Becha,ulso ol
ad.aptatlon ls ialentlcal to that ol sJly
eyoLut j.olarJr chsJrge: tloyelopneat of
lEclalentaJ. Eutatlonal eyeata and sel,6c-
tion ol speciEe[s ritb respect to tbelr

EVOIJU8IOI{AXY ASD PEYSIOTOGICA], ADAPIATION TO GN.AVIIY

Instltute ot B1oneal1ca1 Problems' Ioscot, ussR
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edeptlye values fux the uext genelatl,on.
Ihe norplology, p\yslolo$r and etologtrrot Eany llvlng organisma ere obvlously
adepted to e gravity enyironment alxd
rhereaa z€ro-g has no elfect oD elaneDts,-
ry ( anil not only eleneaterJr) blological
proceasea, thls 1s alx illuslollalJ. corx-
treailcH.on.
- The Eorpho].ogr anil p\y8lologJr o!l1vlug orgalrlsEs are uxder the lniluence
of- both electronrgaetlc alxal glavitetlo-
na1 torcea. Iho greet ditference 1n the
8t]rength ot eLectrome8netlc Bral grevlta-
tio[e1 folces shors that eech of tben
has Lts orn scop. of &ctlo!. Sl-nce tbe
structule of atoms BJ]'d nolecu].ea, ilxclu-
ding blonoleculea, is contlolled by
electrona,gnet ic torces rhlcb are at that
39. oralers- ol nagnitude Larger than gra-
vitatlonel torces, it 1s c1e8r that-tbo-
ae letter (altered grevity a^o.al \ryogre-vity) ere unable to aftect ce11 structu-
rea sucb. as DtrA, proteins, lipials. lhey
are a.Lao ulable to Eodify blonolecule
conpourds that constltute ceII orgelel-
les such as nuc1e1, plastlds, nitochonil-
rla, Eembranes. Beyoad. the grevlty ef-fect 1s the cell itgelf rboie gize igstrictly li-ulted by tratule. Belng uaable
to interlere rlth tbe structure ol bio-nolecules, 8.lerrlty has g€nerated an
ealequate substrate in the lorD o! Earthrscruat, oceans a.ted atmoap.here. Eence the
hporta.nce ot gravity of the llrst or-
de5 for vitaL processes. About 3.8 r
10> years ago rhen primitive celta ap-
peered the po!.ar organlzatlon o! the
environment j.trit iat eal norpho-geaetlc
€volutj.on that Bave rise to dorso-veat-
ra1 Dolarity.

A typicel, feeturo of therzoilynanl-
cally [onequL].ibr1uE syste&s ls tbat the
prlEary stmctural unit of a.n organlm,
1.e. the cel1, Eust be sna,ll or the or-
gr.r,ian I[ust devlale o! sBa1l structural
utLt8. Due to energlr illsalpation thet
!8,iltelns aJod lncreages tba i.]lter:nel or-
aler, tbe conteBt bigly olganl.zeil xaatter
1n tbe ceLl-grors. Horeyer, thls process
cannot be inflnltely IonE. l.s the nasg
end yohr[e of the Eatter increase, lts
surtace/vohEe ratlo alecrgeses. TLe Eat-
ter aDal enor&r are erchellged sJlal EaLn-
taLned tn the steealy-state vie Eaebranes
th.Bt separate llvlng systeEa a]ld their
eDvironnent. As lona aa the surrece/voIu-
Ee ratlo decreases, tbe ba1ance becoeea,
gr&dusIIy but lnsvLtably unltyourable
to l1fe. Sone reglo[a of the ltvlng sya-
ten, especlally those loceted tn-depth,
reach a ste8dy atste and an old order
dlsappeers. Ally sJrsteE that 1s bould to
erlst ard, deyelop [eeds a nechanlsE that
separat€s it lnto subaystens or isolated
systerna. Ihe developnent o, t!18 necha-
nlan, 1.e. the Beche,nlsn ol cell alll'i-
sion, appecrs to be oDe o! the eally 1n-
ventloDa o! evol,utl.oD. Ibls is a unlver-

saJ, rule - eII lleiDg orgenima Bre elt-
her slagle c€Ils of ebout 10 ncE or coEp-
lexes of such cellg.

A vlable olganlaB Bust be I very
slal'l open pert of the U[iverae tb,r,t htg
e eeui.pe:meeble surlece aJxat a allvlalon
Eecha.uise. To aula1n1sh thelr eatlopy,
llyj.ng orgarisns utl11ze processes- oi
energy allaslpatlon that rork on e space
scele. Th18 Iar la irporta!,t tor spicebloLogy, It i.Bplles tLat the eleueirtarystructure of ]1vi.o,g Ea,tter, i.e. a cel1,lrrespectlve of the tiEe and plrce of 1ielocetion, nuet have a dellnlte slze rlth
aa average alLa.Eeter ol about 10 ocE. Any
exceptlo! is to be theraodJmanl cally
J ust j.l1ed.

'tvlth respect to gravity the baslc
d,lrferelce betreen gna1l encl large e.n1-rels is that the sba,pe of thoee letter
alevelops via naturil selectlon obeylng
tecbnj.crl specltications dlctatod -Uy 

!rc-vlty. It 8ppesra that 1n tbe caae oi Ifnv
organisms gravity do€a uot act as e la,c--to! ol natural saLection. For tben gr8-
vl.ty ls onl,y arr evolutioaery tactor-ot
the first order, i.e. the one tha.t gene-
retes ajrd transloms an e[vlroDmeDt; Forlerge animals the paraaeters that relategravj,ty rlth the shape and physiologJr
are detelrLned by ns,tural sel.ection;-Ne-
tural aelectj.on alone j.s capable of pro-
iluclng lorne that provlale opti-at edip-tetion ot the speclEeng b.avlr1g theae -
lolns. cravlty &s one o.f th,e ablotlc con-stltuenta of natural selectioa should be
coaaldereal ag a lactor of fol:e de\relop-
ment of the seconil oraler. This lector-
1s of crucla] iJoportarce tor Large ani-
ry19. In the llna1 etraLysl8, thi; veryfactor speclfiea the EarlEun slze of at
least terrestrlal anlr0al,s. In contrast
to uniceLlular organisEs f,hoae Eerlmul
slze obeya Iaws ot the]jodJmaElca a.Ed
therefore is lndepelalent of epace andtile, tbe upper LlElt ol nulticellular
terrestrial anii0aLa is coBtrolleal by the
eass ol tbe planet and the alulatlon ot
evolutlonary history.

Dlsreterding graylty, 1t ls lnpos-
Blble to understanal correctly the dlyer-
81ty Brd errangenent ol torns in the or-
gaalc ror1d. Crevlty caa be detlled aa a
techrlcal specifj.cetion ln the fla.Eerork
of thich naturs,l sel,actioa proiluc€a spe-
cles that oeet tbese speclticatloas. Io!
larga ln{nala gravlty naJr be the prLncl-
pal specltlcat ion.

A study of the third-order g!3vlty
Deanitlg 1s rlthiD. the scope of p\yslolo-
gy. ?he pbyslological slgBlflcarco ot
gravlty ls the least fuportant. crayite-
tlonal varlatlon8 cause nlaor eud, aa e
rule, leveralble cbaagea tbat are noat
austinct ln la"ge terlestrlsl organloe.
However, ill apace biologJr ejad Bedl.clae
this Llne ol research occuples e leaaung
posltion. f,ost blolredlcal erperlEantE
are phy8lolosr-orlenteal. Grayltatlonal
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pbystolo&r studies DaJr lnfluence the
lultUlEent ol Eal]neal spece Elssloua.
Itr pbyslotogloal stualiea Eravlty effects
lnyolye thelr perceptioE; 1n Ean thLa
perceptloa ls relntorc€d by conaclous-
nessi rorklng hJrpotheBls related to 8ra-
vltatloDal p\ysloLo&r caJr bs reaallly
verLfleal by etperilent.

P\yslol.o8lcal ailaptet 1on 8houId be
regarded ac a coDlorniBt agreeEeat bot-
reen sn olSanlsn snal Ltg eEYLronletlt.
The agreeEent bea been reacheal 1r1 the
course of evolutlotrrrJr derelopBeDt. It
al1orB the exlsteBce and aor0eti-ne the
protrssslve developBeBt o! tbo or8€Dlaa.
tbls agreenent norBelly providea lor
olgellsna the erlatance 1n B var1zlng en-
ylroD.Eent, particuLarly 1! tbe varl.a-
ti.ors are perioall.cal anal tb€j.r raDge ls
not too Large. Ihe orga.uLem can ad8pt to
a.u u[expecteal enYiromentel change rltb
greater dlfflculty a,nal usuelly caEot
adapt at all to an erratlc chaJxgB. such
changea lead to tbe ileatb of tbo orga-
nlsn or to tbe deetb of the Epecles 1f
they proieed on a global scele. Ibe lsct
thBt , 1n reigbtlessness, eleEeDtarJr
blological events malr occur, certai! anl-
aa1 snd plaJxt specles EeJr aleYolop
tbroutb seve!8l geBerrtiona a,nd nanna-
Ils.as can eeslly BalBpt to the state 81-
vas evldence thst weiShtLessness ca[ be
relerred to tbe categort of 1ns18nll1-
caEt nouspeclllc envlronmental cbanges.

Ronelal Flscher once reEalked that
an insl8nlflcant and aonspeclllc chaDga
ia the enylro!trent has en abaolutely
€ qual opportunlty to lEc]feaBe or to ale-
cteas8 the adaptive capablllt)' of all
orga,ulalq. Tbe probeblllty that th18 ca-
peblllty rilL Blor 1s iaveraely propor-
tlonal to the x0agtlltude o, the enYlron-
nental chenge. In weLghtlessness the
adaptlTe property of a 1lving organi.an'
EAn lncLuau!8, I1U not neceaaarlly ale-
terlora,te. lbeory pretlicts that ln
welgbtlessress pbyslological aaleptatlon
ol celteln organlsEs loay tell lmproYe.

lhe genetlc, norphological and phy-
siologlcal st8tus o! preaeat-ilay orga-
nls&s results tron the eflecta ot 8ravl-
ty thct pcrlorE three alillerent slthou8h
closely related rolea, vlz. tbe ru].e ot
the creato! end transforrer of an abLo-
tlc envLronEent, the role of tlr lEpor-
tsnt lactor 1n natural selectlon, anal
the role ol a factor of enyLronmentel
physlolory that ceusea stabLe nechatrlcal
EtresB6a.

the fact thet elEee[tarJr blologlcal
proceaaea EaJr develop In tbe telghtless
state Is tbe conditlon rhicb e1lors roan-
aed fughto f,hoae alurstlou rilf be coBpa-
reble xlth that o! eatrra actlvE 11!e.
In gucb long-aluratioB flights the naJor
llml.tatloDs 8I1d dlftlcu].tles rLll be aa-
socleteal rlth psycbological, hyglenlc
and englneerlng problees. FroE tbe bto-

logLcal pobt ot Yie, tbs ralr to outer
Epaco 16 opetleal fo! nan.

6ra,

erot,hon

at

7l-D' o

fnvironmenl

I
I
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"at cvo/t hoa
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GRAVIPERCEPTION IN PLANT CELLS

W. Hensel and A. Sievers

Botanical Institute, Unj.versity of Bonn
Venusbergweg 22, D-53oo Bonn, FRG

Plants are capable to gro\r, in defined di-
rections in a gravitational field. cravj.ty
is perceived (transforned into a physiolo-
gical- signal: perception), r^,hich is the
precondition fo! an orLenting gror^'th reac-
tion (response). Radicles of garden cress
{Lepidium satlvum L.), when placed hori-
zontall-y, respond with a downvrard curvatu-
re, caused by differential growth of the
physical upper and lover flank of the elon-
gation zone, respectively. In case of roots
the graviresponse of the elongation zone
is spatially separated from the site of
graviperception. lrhich is localized j-n the
statenchyna of the root cap (for details

compare Volkmann and Sj.evers 1979). The

root cap of the garden cress consists of
longitudinally arranged cel-I rows (neri-
stem cells, statocytes, secretlon celLs).
neighbouring cells form storles of the
same degree of differentiation. The outer
shaPe of the root cap approaches a rota-
tion paraboloid. Single statocytes thus
are arranged ln radial synmeCry (f19. 1).

Thia symnetry of the statenchyma, in con-
binatlon with the ultrastructural polarlty
of the statocytes (Eig.18: the nucleus is
situated near the proximal cell !ra11,
starch-containing anyloplasts sediment on
a complex of rough endopl-asnlc reticulum

c

statocytes, shown in Fig. 18, are j-ndica-
ted by asterisks. FIG.1B illustrates the
pressure exerted by the amylopLasts on
the distal ER complex (arrolrs) during ver-
tical grolrth of the root. FIG.1C shoi,rs
the sane statocytes during horlzontal ex-
posure of the root. Amyloplasts now exert
a diffelentiaL pressure (arrows) in stato-
cytes of the upper and lolrer flank, res-
pectively.

A

I

I

I

I

I

I

!

I

I

IB

FIG.1A, Diagran of a Iongitudinal section
through the root cap of LePidium t^'ith ba-
sal meristen (me), statenchyna (s) and
secletion cells (se) . Two corresponding
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(rER) at the dlstaL ceLl polel is regarded
as the basis for the perception of gravity
(sievers and volknann 1972).
As sholrn by gertdnatlon of the seealllngs
on fast and slow rotatlng clinostats, the
polarity of the statocytes develops lnde-
pendent of the gravity vector, As demon-

strated earlLer, most convinctngly by ale-

slalch1ng (rversen 1959) , the anyloplasts
serve as statollths, which sediment accor-
dlng to the dlrectlon of che gravlty vec-
tor. During vertlcal downrdaril growth all
anyloplasts ln the statocytes synmetrlcal-
Iy lie on the tllstal ER complex (Fig. 1B).
When the root ls placed horizontally, any-
loplasts sedlment in the direction of the
gravj-ty vector, which leadg to a Ioss of
anyloplast-ER-contact 1n statocytes of the
uppe! flank of the statenchyna, whereas ln
statocytes of lhe lolrer flank the contact
1s nalntaineal. It ls assuned that this
dlfferentlal contact (Fig. 1c) ls an essen-

tial part of gEavi.perceptlon and causes at
last gravltroplc bendlng of the root (re-
sponse) .

That the ultrastructural polarlty of the
statocytes, referred to ln this schene,

lndeed ls a necessary precondilion for
gravlperceptlon rras shown by exPerimenls
with centrlfuge (slevers and Heyder-cas-
pers '1983) and cl-lnostat (Hensel and Sie-
vers 1980) :

Centrlfugatlon of roots (20 nin at 10009)

causes a alistrlbution of orqanelles along
a density gradlent: amyloplasts and the
nucleus sedlment at the nost dlstal (1.e.
centrifugal) palt of the statocytes, the
ER is shifted proxlnally to the anticllnal
cell vralls (F19.2). Resgoration of the or1-
gi-nal polarlty is achleved wichin nLnutes
range after ceasing centrlfugatlon and
placing the roots in 1-g-environment. The

ablllty to perceive gravlty is strictly
correlateal to thls restitutlon of polarity
as the tlme lag of gravlresponse after cen-
trlfugat.ion colncldes ulth the tine needeil

FIG. 2. Statocyte from a root after centri-
fugatj-on at 1000 9 fo! 20 mln (N=nucleus).

FIG. 3. Statocyte frorn a root after rota-
tion on a horizontal cLinostat for 20 h at
2 rpn. Arrowheads indicate direction of the
root tip.

for restltutlon of polarily (Sievers and

Heyder-caspers 1983) .

Prolgnged rotatlon of prevj-ously normal
grown roots on a horizontal clinostat cau-
ses a number of events (loss of cell pola-
rlty, destarching of the anyloPlasts, con-
fluence of tlpld droplets; fig. 3), which

finatly enal up ln autolysis of the stato-
cytes. The cont.inuous rotation has to be

regarded as an overstimutation, thich cau-
ses self-destructlon of the sensitive tl-s-
sue. Cells frotn othe! root tissues renain
unaltered (HenseI and Sievers 1980).

As a concluslon fron these experiments
lt can be stated that ('l ) graviperceptlon
ls restrlcted to the statocytes, (2) the
cell polarlty ls a necessary precondition
for graviperceptlon and (3) the interaction
of anyloplasts and ER serves in stinulus
transduc!ion.

In order to characterize the nature of
the endogenous slgnal, electrophysiological
measurements were executed. An electrlc
current flow around the root of garden
cress l,as neasureal wlth a vlbratj-ng elec-
trode (Behrens et aI. 1982). During verti-
ca1 gronth an outrdard flow of positive ions
(probably protons) occurs Ln the elongation
zone. whlle in merlstetn and root cap the
current flow ls alirected invrard (Fig. 4A) .

When the root ls placed horlzontally, this
syN0etrlcal pateern changes withj.n 30 si at
the physlcal upper flank of the root cap

I

c
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the current flo!, is directed acropetally
and basipetally at the Lower flank. This
can be interpreted as a current flow di-
rected outlrard at the upper and ini.rard at
the lower flank, respectively (Fig. 48).

g

the surrounding medlun via pl-asnamenbrane
and apoplast.
ThLs lras confirmed by neasurlng the mem-

brane potentlal of the statocytes. During
nornal vertical grolrth, the menbrane poten-
tial j.s about -120 mV. After tilting the
root to 45o, this resting potentlal is de-
polarized to -80 m\I in statocytes of the
lo!,e! flank and slightly hyperpolarized to
-135 nV in statocytes of the upper flank
(slevers and Hensel 1982).
As the ER is regarded to act in stlmulus
transduction, it 14'as worthlrh1le to test,
whether isolated ER-vesicles are capable
of transporting j.ons selectively. In a

first attempt, the Ca2+ transport was nea-
sured (Buckhout 1983). Vesicles fron root
tips of garden cress were lsoLated and, by
morphonetric analysl,s on electron mlcro-
graphs from this fractlon, detertnined to
consist of about 80t rER. This fraction was

further characterj.zed by an enrichnent of
cytochrome-c-reductase, a narker enzyme of
the ER. ATP-dependent Ca' accurnulation
with oxalate as a Ca' trap in these rER

vesicles indicates that ER nenbranes are
capable of actlve Ca'' transport.

In conblnatlon i.rith the plasnaleNna,
which maintains an intracellular Ca2+ con-
centratlon several orders of nagnitude
IovTer than the environment, ER nenbranes of
statocytes regrulate a cytoplasnic Ca2* con-
centratj-on by accumulating or releasing
- 2+ca- , respectlvely. This would be ln accor-
dance with the functlon of the sarcoplasmic
reticulum fron nuscle cells.
At present the conprehenslon of these data
lnto a hypothesis renalns speculatlve. The

following scheme, however, is suggested:
The Lnteractlon of arnylopLasts and ER du-
ling gravisttroul-ation couLd trigger a ca2+

release from the ER by nenbrane-bound ca2+

pumps. An altered Ca2+ concentration in the
cytoplasm of statocytes could account for
the rapid depolarlzatlon of the plasmanetn-

I

20@ 106 500

EIG. 4. Hypothetical pattern of current
flow around the root tip of Lepidium (cap
up to 200 un, neristen 200-800 l]m, elonga-
tion zone extending ln basipetal alirection) .
The indicated electric fietd lines are
based upon single measurenents with the vi-
brating electroale. FIG, 4A. Synmetrical
pattern during vertical grolrth, FIG. 48.
Three minutes after horlzontal exposule of
the root, this pattern becomes asynmetri-
cal in the root cap and the distal part of
the neristem, while it lemains synmetrlcal
in the elongation zone. craph by courtesy
of H, M. Behrens.

As these alterations precede the flrst vi-
sible graviresponse, an involvement of en-
dogenous current flows in tlansduction of
the physical stinulus seems 1ikely. Durllrg
normal vertical grovrth, a current of 30 nA

flots through the root, directed fron the
root cap to the elongation zone (Behrens

et al. 1982). During gravistlnulatlon, a

differentiaL flot{ of ions coulal occur, ori-
ginating from the interaction of anylo-
plasts anal the endonenbrane system of the
statocytes, and could be transfered to
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brane, which altogether might be steps of
gravj-perception.
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SKIN AND MUSCLE VASCULAB RESISTANCE DURIIIG TILI AND IIECK SUCIION

F- Bohde-Petersen, K. Skagen, o. Henriksen, and l'1. Suzukl,
Auguat KroSh InBtltute,

KodounehoEplta let Dep. II
Hvidovre Hospltal Dep. cllh. physlol.

INTNODUCTION
DrrinS .eSulation of the arterlal blood

presaure the baroreceptors are actlve adaptlng the
Iocal perlpheral vascular reslstancea to the
cardlac output. However, very littel ls knoFn as
to the relative contrlbutlon of the dlfferent
vascular beds, hotl loportant a role they play or
if at all they contribute. In the present
lnveatigatlon the carotld slnus baroreceptors nere
atloulated by neck suction whlch wlIl increase the
transnural preasure in the carotld sinus. Thls 1s
sensed by the baroreceptors as an increased
arterlal preaaure. Thtrs afferent nervous iDpulses
are started $hich via the vasoDotor center evoke
efferent ldpulses to the arterloles apt to
decrease the total peripheral vegcular resistance.
lJe, therefore, Deasured arterlal pressure, heart
rate and skin- and muscle blood florrs dur1.E neck
auction ln order to lnve3tlgated if skin and
rluscle vascuLar reslstances are reSufated via
arterlaL baroreceptors-

METHODS

Four young healthy 6al.es served as subJecta-
TIey ,ere all faalliar vlth hulao physiological
experiments froE thelr om experlence and Save
their info.oed consent -

Duri.ng the experiltent the subJect was lylng
down on h1s back on a tilt table. ao that the
situation in horizontal poaitlon could be coEpared
to that of increased syopathetic nervous activlty
during a gravltatloDal stress as durln8 tllt
(SkaSen and Bonde-Petersen 1982 ).

The arterial pressure wes neasured by a Stathan
presgure transducer froE a ahort catheler in the
rlght radlal artery ln three of the subJects r.hile
a forth had the arterial pressure neasured by an

Skln- and Duscle bl.ood flons (SBF and HBf) rrere
Deasured ln both underar&s by the local isotope
cLearance technlque usin8 133-XenoD and external
countinS ((ety 1949, L,assen et aI. 1964). About
I00 ucl 133-Xe solutlon ln isotone aaline was
lnJected in the skln overlying the distal end of
radlus on the left arB and a slollar dose rlas
lnjected lnto the dorsal ouacle Sroup of the riSht
underaro.

The aeason vhy arDs r,ere used for oeaaurin8 the
aeactlon 1n skln and ouscle 1s that they could be
kept at heart level clurlng tllt, so that the saoe
relative hyclrostatlc pressure rould prevall as ln
the horlzontal posltton (Henriksen 1977)

the subcutaneous I33-Xenon lnlectlon was 81ven
45 o1n and the lntraouscular inJectlon 15 oln
before the experioent respectlveLy in order to let
the inJectlon trauDa subslcle, because thls is
knorn to lncrease flon.

Electrocardlo8rao Yas oonltoi"ed on a strlp
chart and later used for the calculatlon of heart
rate ( Hn).

Suctloh on the neck was produced by fittln8 a
hood over neck and head tightening the breast
plate of thls hood by a plastlc bag and paper
tape. The subJect xaa alLored to breathe froE the
surrountlin8a through a short tube. thls
arran8eaent also allo$ed oeasurenents of cardlac
output clurlng neck suction by a rebreathlhg Dethod
uslnS a Blxture of acetylene, argon, and oxygen 1n
nitrogen, and a dass spectrodetry for gas analyses
(Bonde-Petersen et aI 1981)

A meacury Danooeter was used to regulate the
p.esaure to -20 DEtlg $hen auctlon Has applled froe
a vacuuo cleaner rlth variable punplnS speed.

basuaeoents were repeat.ed duri-n8 0 and {5
degrees tl1t, urhlch ls kno{n to decrease SBF and
I'IBF due to the increased synpathetLc ne.vous
activlty.

Afte. 5 nln of control neaaut.eEents ln the
horizontai. posltion a neSatl.ve neck suctlon
presaure of -20 oollg rras applled for 5 ain and
folloled by a seconcl control period of 5 Dtn, The
subJect ,as then tl1tet to 45 degrees an8le. After
the tilt the subJect rras taken back into the
horizontal po5ition and for an addltlonal perlod
of 5 Eln control Eeasureoenta eere perfoaDed ln
order to secure that the restlnS results froE
before the experioent could be reproduced,

the radioactive counts r,ere fed lnto a
Elnlcoaputer stored on floppy dlscs and later
processed to obtaln clearance values, these are
glven ln aelative unlta -

RESULTS

The results are lndicated 1n FIB- l. The upper
panef shorrs Eean arterial pressures (t'lAP) and
heart rates (HR). Head and neck suctlon dld not
change MAP signlflcantl.y, r.h1le heaat rate
increased both clu.ing horizontal and tlLted
posltlon. The expected lncrease 1n heart rate lraa
observed durln8 t11t at 45 de8rees.

The loBer panel shoes SBF and skln vascuLar
reslstanc€ (Svn), calculated as MAP dlvlded by
SBF. The resu}ts durinS t11t ahoved eost clearly
that there was no reactlon In SVR due to the neck
suction. In the horlzontal posltlon there ras a
relatlve 1a.8e scatter, Hhich nas ttalnly due to
the variatloh 1n one persons fLo$ resulta. If thir
subJect ras oo1lted, there r.as no aystenatlc
varlation ln SVn due to neck suctlon, and thc
expected reductlon ln SBF vas seen ag a
consequence of tllt.

Ihe lo$eroost panel shoirs the Eean valuea of
MBF and ouscle vascular reslstance (IwR). It 18
evident that neck suction lncreased MBF. In the
horlzontal posltlon the lncrease l{as 74i and ln
the ttlted posltlon the lncrease anountad to aa
lluch as ]23tr. MVR folloHed the opposlte trend.

Unti,l non we only Eeasurecl cardlac output ln
one subJect lrho dld not chenSe hls caadlac output
aa a consequence of heck suction. Horrever, t,e
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found the expected decrease 1n cardlac output due

to t i1t aloDe.

DISCUSSION AIID CO}ICLUSION

The present results indlcate that the nuscle
vascular beds are controlled not only by the
general syEpathetic vasoconstrictor tone but also
by the h18h pressure baroreceptors as part of the
arterlal blood pre3sure regulatlng mechanlsms' The

sVR does not partj.ciPate ln th13 re8ulation' even

if they react by vasoconst.ictlon to increased
sylrpathetlc clrive durlng an increased
gravitatiohal stress. Other studles by us have

shor,n that the SVn ls 1n fact regulated by a

baroreceptor actlvlty and ue have polnted to the
1or, pressure barorecptors as belng responslble for
thls reSulatioh (Skagen 1983). This hypothesls
concurs with the Paesent results.
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RESULTS OT ECHOCAXDIOGRAPITIC EXAMINATION DURINC 7 DAYS FLIEHT ONBOARD SALIOUT VII, JI}NE 1982.
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INTRODUCTION

Ihe greet physiological functions of hunan body
are Eodified by mierogravity exposure (t)(2). These
disturba[ces appear Later or sooner after the orbi-
ta1 iEsertion and either expres6 thenselves by cli-
nicat signs, such as space adaptation syndron, or
stay in an infraclinical stage, at least fol: short-
term space flights. At the early be8ioning of the
flight, the neurosensorial systen undergoes the
slrongest disturbance (especially the vestibular
systeD). At the same tioe, the disappearance of the
hydlostatic pressure produces a new distribution of
the blood nass rithin the body of the astronaut.
Leter, cardiovascular deconditioniflg , blood volume
variations, hydrooineral balance shift, calciurn ne-
tabolisD troubles, cosnic irradiations are of gro-
ring iuportance as the fli8ht proceeds, in the ab-
sence of cotmte rmeasure s .

Til no!, several studies have been reported on
the catdiovascular systeo of the astronauts (3).
llonever our knowledges on this subiect uill mainlv
be extended by usin8 the modern, non invasive and
Eore infornative techniques inflight. Ultresonic
Eelhods are presently oost suitable for this purpo-
se, because they allow to perform not only qualita-
tive, but also quaatitative evaluations of changes
io haemodyoanics arld cardiac function, lhis ras the
reasoo of choosing Echography for exe.Dioirtg the
cardiovascular systeE in weightlessness durinB lhejoint Soviet-Frerch spaceflight aboard Saliout vII,
june 24th-ju1y 2nd 1982. Inflight studies were per-
formed on the French astronau! J-L, CHRETIEN with
lhe participatioD of Soviet astronauts DJANIBEKOV
and MNTCHENKoF.

In weightlessness, the lack of hydrostatic pres-
sure induces a shift of an important voluoe of
blood lowards the cephalad palt of Ehe body, and a
change iu distribution of extracellular ftuid. The-
se nechanisms 1ead, in one hend to a transient in-
crease of the central blood volume, and in ao other
hand to si8nificant variations of the veoous pressu-
re io alDost all the body compartbents. The Ilelr
pressure gradieots induce a progressive appearance
of oederna in the upper part of the body (face,
trunk,...) and may be also increase of blood voluEe
into brain and lurlgs. I'tre stimulation of central
sensors can set Gaueris reflex on : ADH and aldo-
sterone dectease, thirst reduction and increased
water atrd electrolytes excretion (4).

AcEivity in orbit only needs a very light l,ork
from antigravity Buscles, Postures changes do not
s!imulate vascular reflexes needed to control blood
volune and haeEDdFamics ia che inferior limbs in
normal gravity. Itese two phenonena lead to the

cardiac aod vascular deconditioning.

OBJECTIVES
The principal aims of the Echography experiment

were the fo1lo$ing6:
- study of the regulation rnechanisns of the

overall cardiovascular fuoction folloring change in
body fluid distribution and appearance of a oew
pressure gradient in ceightlessness ;

- evaluation of the consequences of these regu-
lations oo cardiac dinensions, contractility and
ejection fraction, aBd also oD cerebral and peri-
pheral blood flow;

- testing of the dynamic reEponse of the cardio-
vascular system in microgravity rrhen lhe pressure
gradients are rapidly modified (cuffs rest) ;

- at least comparisonron the same subjectrof
lhe resulrs obtained inflight and on ground during
simulation tests (5) (6) (7) (8).

Only results of cardiac studies will be presen-
ted in this paper.

}'{ATERIAI AND I{EIHODS
The ultrasormd baeed device developed for the

experiment has been built by !,1atra-Interelec coDpa-
ny (Paris) slartiIlg from a prototype nade in the
Laboratory of Biophysics at lhe faculty of Medicine
of Tours. I! includes 4 working modes rhich permit-
ted to study blood floir in superficial vessels
using Doppler nethod and duplex technique (B-uode +
Doppler), and also to perfontr coEplete cardi.ac exa-
Eination by tine motion (T.H.) and bidiDensional
imaging (3.5 ltHz).

The follouing cardiac structures have been stu-
died by T.U. echocardiography :

- aortic root and left atriuE at the level of
aortic valves ;

- anterior and posterior Eitral leaflets ;
- left ventricle below the Ditial orifice, at

the 1eve1 of mitral chordae.
Bidioeosional echocardiography was uaed to vi-

sualize dyoamic vierrs of short and long axis ctoss-
sections of the left ventricle.

fhe operating astronaut is trained to use the
probes orl hibself, aod can control, thaEks to a
display monitor, all the inforrnation he wants to
recoad. Ground base recordings l,ere Eade 30 days
aod 3 days preflight. Inflight oeasureents *ete
carried out the 2nd, 3rd, 4th and 6th days. The re-
covery period was studied the first and the third
days. theo aD ultimale recording uas nade 2 Eonths
after the fLight, in association uith ao antiortho-
static test of 3 days, to be compared with nicrogra-
vity results. A11 the data wele stored inflight on
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magnetic tapes in order to be ProcesEed after the
flight. 2D pictures afld T.u. node recordinSs can be
operated in a conventional way. It should be noted
that the quality of echocerdiograPhic recordings
was quile well and adequate for future processing
and analysis. It r.aa due to the qualily of the
equipEent "Echography" and of the traini[g of the
a6troEauts at Gagaline ceoter.

Fron T.l.[. Eode plottings end 2D pictures the
maifl studies rrere carried out orl the variations of
lhe caldiac cavity vo1(ntre6, the modificatioos of
the ejectio! function of lhe 1ef! ventlic1e and the
Eyocardial cootractility (9)(10). The folloring
peraDetels have been oeasured :

- aortic diameter AD (nm) ;
- naxirnr:m opening aoplitude of aortic leaflets

AA (m) ;
- ejection lioe ET (s) ;
- corrected ejection tine CET (s) ;
- left ventricle diastolic volume LlDv (D1) ;
- left veotricle systolic volullle LVSV (DI) ;
- stroke volume sv (m1) ;
- heart rate HR (p./mn) ;
- cardiac outpuE Co (l/mn) ;
- ejection fracrion EF (Z) ;
- mean velocity of fiber contraction (MVFC)

(6-r);
- left ventticular dia&eter shortenil8 AI (Z) ;
- mean systolic ejection rate l'lsER (D1/s) ;
- arterial pressure (mllg).
The venlricular volunes were estinated by

Teichholz formula :

LvDv-Z:Z--IffiDxLVDD'
7,Lvsv-r:Z--Ii35xLvsD'

LVDD = left veotricle diastolic diamter ;
lvsD - left ventricle systolic diaslete!.
The other paraDeters vere calculated thanks to

the following fornula I

cET =-jg (RR duration is oeasured from Ehe\xli E.c.c.)
EV=LVDV-LVSV
CO-EVxHR

(p < O.O5) are plotted uith a star on the ctttves.

REST'LTS----Furing all stage of flight the physical condi-
tion of J-L. CIIRETIEN oas good and oo complain or
unpleasaot sensation have been rePorted. During the
anelysis of echocardiograEs no irreversible and

c1iuica1.ly sigoificaot changes have been noted in
geouetry of cardiac cavities and asPect of cardiac
;tructures (aortic and Eitral 1eaf1ets, intraven-
tricular septuo, and Posterior wal1 of the lefl
ventricle.

The Eain results obtained before, during and

after the flighE are presented on figure I. The

heart rate keeps at an elevated value during all
the flight and duriog the ioitial part of the reco-
very period. The first oeasureEellt inflight (2nd

day) shous a decreased value of left ventricular
sy6toLic volune (LVSV) associated Uith high hearl
raEe and can be explained as a consequence o[ neuro
emotional stress. Increased values of the diastolic
(Ll,DV) and systolic (LVSV) volumes the 3rd and 4lh
days should be observed, with return to basic va-
lues the 6th day' ttle stroke volume (sv) follows
an evolution rather pata11el to the ventricular
dioensions. This leads to a more significant in-
crease of the cardiac outPut (C0), ,hich rises near
40 Z the 4th day of the flight. The caidiac output
keeps hiSh during the early recovery period espe-
cia11y beca,rs. heart rate remeins higher than its
basic va1ue.

No inpairing of the heart cofltractility is re-
vealed during the flight, testified by the absence

of pronouflced changes of such indices as ejection
fractiou (EF), relative shortening of veEtricular
dianeter (AF)' ejection time (ET) and correcled
ejection time (CET)' Hoeever I,e can see that the
velocity of fiber contraction (MVFC) and the l[ean
systolic ejection rate (MSER) are increased, cer-
tainly as a consequence of increase of heart rate.

The thole observed phelomera are probably the
consequeoce of the increased blood ftll1fi11in8 of
the cardiac cavities, caused by the Dew distribu-
tion of the blood towards the cephalad extremity.
A similar evolution of the cardiac pataoeters is
described by several authors during seightlessness
sinulation experi[Eflts by entiorthostatiso, the in-
creased fullfil1ing being a functioo of inclination
of the subjects.

In order !o clarify the consequences of blood
pooling into the vessels of the lower part of the
body, lle used soDe specific futlctioflal test with
cuffs placed aiouEd the tighs. This induces aa ar-
tificial pooling of blood in the lowe! limbs. Fi-
gure 2 shows the varietions of echocardiograph ic
pataDeters duriog cuff test ooground arld ioflight,
To clarify, only results obtained on day 4 inflight
ale reported here (cuff te6t has been perforoed
inflight on days 4 and 6), Ttre pooli.ng of blood in-
to the itrferior limbs nornalizes central haemodFa-
nic parameters by involving a decteased filling of
the cardiac cavities and a quite pronounced (20 Z)
decrease of cardiac output shich rra6 associated
with sare decline of heart rate, aod Eo a great
extend eith a decrease of stroke voluse atrd LVDV.
ltese effect6 on the haeoodynamics have been more
pronounced on the 4th day iaflight. The observed
changes and particularly the decrease of left

I-VDV - IVSVEf=
LVDV

LVDD - LVSD
AE L!DD

MVCF
AR

ET

*.oo - EV

ET
Ite heart rate is avelaged olt 20 cardiac cy-

cles, The oeasureo€nts were carried out a! rest and
atso durin8 a pneuoat ic cuffs te6t 30 and 4 days
before the fli8ht, lhe 4th and 6th days in weight-
le66ness and the 3Ed day of lhe recovery period.
this te6t coosi6ts in a positive courterpre6sure
applied arouad the upper part of the thighs :
40 mtlg during 20 Dn, 60 mlg durinS 20 ur. Echo-
cardiograDs eere recotded at the loth Eo of each
Presgure step.

All the results Bubmitted here ar€ aversges
froD several meaBurenpnts. Standard deviation was
calculated followed by a StudeDt test. Results
with significant variations fron basic values
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CONCLUSIONS

-E?-Eif,ogtaphy 
experinent was pelforoed during

Ehe seveu days of the cormon Soviet_Fteoch f1i8ht
in jure 1982 aboatd Saliout vII statioo. The as-
tronauts were traioed to use the aPparatus develo_
ped by the Lsboratory of Biophysics of the laculty
of Medicine of Tours, the C.N.E.S. and Matra firm.
lte ultlasouod based device is able to visualize
heart and vessels, to tecord moveEents of cardiac
structureg, and to provide the needed paraEeters
for blood floD DeasureBen! in the superficial ves-
sels. Atl the plaoned proglarm uas cartied out and
the collecled documents appear to be of good qua-
1ity. Only results of cardiac exploratiorl have
been reported here. Additional publieations ri11
deal with data on vascular studies.

Recordings wete rnade on J-L. CITRETIEN at the
follosing dates : 30 and 3 deys preflight, the 2nd,
3rd, 4th and 6th days inflighr, the lst, 3rd deys
after landing. An additio[a]. experiment rith arlti-
orlhostatic tegt wag perforned 2 moots afte! 1an-
ding. Anong the nain results obtained in cardiac
6tudies, orl€ can underline the increase of cardiac
output, heatt rate and stroke volrrlre, the increase
of left end sys!o1ic and end diastolic ventricle
volumes and the stability of myocardial contracti-
1ity. The use of pneuoatics cuffs placed arould
the upper part of the thighs appears to be effi-
cient in reducing the cardiac overload iu weight-
lesEness conditioos. No irreversible pathological
modification va6 observed in cardiac par€u:reters snd
perfoiuarlces. The resu].ts of studies perforred have
confitued one of the uidely accepted hypothesis

about iofluence of spaceflight factors ort human
cardiovasculal sysleII according to which in r.eight-
lessness huoan heart works in ovelloaded conditions
(produced by volumic overload aod tney be pre6sure
overload). further studies are oecessary to coflfirm
thege results,

SoDe ioportaot facts have beell dem[strated du-
ring the Echography experiment :

- the ergonoEy of the device revealed to be ra-
ther good as eell as the trailin8 of the astronauts
since all the paogratm eas PeLforEd in tiroe ;

- the increase of caldiac output ,ithout najor
oodification of cerebral and feDoral blood flows
(shown by vasculsr studiea (ll)) Ieads to assume
that retra1 and/or hePato-digestive circulation
6hou1d increase during sooe Phases of Dicrogravity
exposure. I'hese PhenoDena Dust be studied in the
next fliShls;

- the pulooDary flow charactelislics ale alao
ifiportant to study because they direetly influence
the central venous Pressure snd coosequently the
size of cardiac cavities.

Ihese retralks 6hou the fleed for compleEenlary
studies, and also the interes! of rePeating the ex_
periroents, since i! is uoeasy to Seneralize lesults
obtained only fron one individual petson.
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yentricle diastolic parameters show lhat apPlica-
tion of occlusiofl test perDitted !o reduce the de-
gree of inflight changes in blood pooling, and Day
be to have the same efficiency as LBNP test (louer
Body NeSative Pres6ure).

In conliouioS the experiEent IJe consider that
application of Echocardiography is very helPful
because it allows to obtain oew and iflforoative de-
ta on lhe uechanisns of changes in cardiac perfor_
mances alrd haeoodyoamics in sPacefliSht. Tte knoy-
Iedge of these rnechaoisos is absolutely necessary
for developiog the effective' preven!ive aud nedi_
ca11y based prophylactic oethods.

An aDtiorthostatic experiDent l,as realized
rith the French astronaut the 60th day after the
flight, at -6 degrees during 3 days. The resPonse
obtained is rather close !o lhe one observed duriog
the flight for the maio cardiac para[eters ' this
i.s testified by increase of stroke voluue, LVDV

and LVSV. Ilowever sooe differences have beeo obser-
ved i decrease of heart rate, and slight chanSe io
cardiac output, in absence of Pronounced chaages
ilt echocardiographic indices and nyocardial con-
tractil.ity. Ihe abseoce of stress could partly ex-
plain these differences.

We Dust underline that all the results lePorted
here corteapond to the study of one subject' alrd
that ne should oot drar, defi[ite conclusions for
the EechaEisrn6 of Ehe effects of ,ei8hllessness on
cardiac haeoodynamics, ejeclion fuoctioo atrd Eyo-
cardial contractility. 10 solve those ProbleEst
and to choos€ the optiEal coflditions of using the
cuffs as a prophylactic o€an, it is [ecessary to
8o oo aiEilar studies durin8 6PacefliSht8 and
ground simulation exP€riDents.



CHANGES ]N INTORMATION PROCESSING ABILITY /IPA/, EEG, EOG USING PASSIVE
ORTHOSTATIC AND ANTIORTIIOSTATIC TEST

P.Remes, J.Hides, L.Bosnar, o.n81i3iii.r, 
"ehoc 

2ky, z,sid6, Gy.G.Kiss,

Intercosmos Council of the Hungarian Academy of Sciences
1369 Budapest 5 P.O.B. 315 Hungary

ABSTRACT
In orthostatic position ue have

noticed tachycardia, bradypnea, pulse
pressure decrease, lengthening of pEp
and shorteniDg of LVET, cardiac output
and stroke volume values decrease r,rhilein antiorthostatic position we have seen
bradycardia, tachypnea, pulse pres sure
increase, sholtening of pEp and length-
ening of LVET, stroke volume and cardiac
output increase. Bit speed indlcates in-
crease both in orthostatic and anti-
orthostatic positions in accordance with
the excitenent of central nervous systerlL
Comparlson yrith rest both ln orthostatic
and antiorthostatic positions cerebral
bloelectric activity lncrease signi f 1-
cantly. within it, the bigger enerqy 1e-
vel shifts tovrard fast frequenc_ies. 1n
antiorthostatic posture, nystagmoid eye
movenents can be noticed - characterized
by fast and slow conponents.

INTRODUCTION
In our earLier investigations l]' , 2l .,

corresponding to other authors lre pointed
out, that olthostatic and antiorthostatic
loading lnduce substantial changes in
circulation.

Fron the point of vielr of functional
danage, antiorthostatic loadi.ng representsi
a more selious adverse factor as it is
evidenced by our electroencephalographic
and electrocardiographic s tud j-es /1/.
METHODS

Our investigations wele performed in
practically healthy pilots. on MEDrcoR
tilting table in horizontal position du-
ring 10 minutes. in orthostatic position
during 20 minutes then ln antiorthostatic
posltion durlng 6 minutes, changes in pulse
rate, respiratory rate, systolic and dias-
tolic blood pressure and changes in PO, of
capillary were measured by transcutane6us
oxymetly on the skin of forehead, chest
and Ieg. Measurenents were performed by
Hellige device conplex.

we have recolded e lectrocardiograms
in 12 leads. carotis mechanogran, hori-
zontal and vertical electrooculograms,

electroencephalograms by bipolar leads
henispherally anal interhemispherally
and their energy spectrun have been de-
terrnined by Fourier analyse. t{e have de-
termined pulse lrave velocity and stroke
volume, using a method developed by Brem-
ser-Ranke.

Fiqure I. The device "Balaton".

Preceding exanination then fol lorri.ng
olthostatic and antiorthostatic loading,
we have determined changes in information
processing ability /IPA/ : sensory-motor
reaction time, four-choice reaction tirne,
four-choice selection tine, processed in-
formation quantity, bit speed under double
loading /in time force and during sound
disturbance/ and in undistulbed circum-
stance. ueasurements wele performed by
the device "Balaton" /MEDICoR, Hungary/
that have alleady been used alulj.ng series
of Intercosmos spaceflights. ltethod of
this device and measurenent has been
developed by us /3, 4/, To follow changes
in emotional tension, we tneasured changes
in pulse rate anal galvanic skin resistanc€.
Results have been elaborated by PDP-II and
APPLE-II computer.
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RESULTS
The 21 practically healthy pilots

- considerlng the usual examination cri-
terium - proved that they are persons
with good tolerance.

frequencies.

n;ir

Figure 3

l

a9

*l

r rrl
.. ..1

-_-iE-

Figure 2. Change of lnforrnatlon pro-
cessing ability /IPA/ in
different postures .

In Eigure 2. can be seen changes in
bit speed - fron indices of infornation
processing ability - in different pos-
tures in undisturbed clrcumstance and
under double loading. Bit speed indicates
lncrease both in orthostatic and anti-
orthostatic positions in accordance with
the excitement of central nervous system.
Ho\dever psychophysiological reserves re-
main, as bit speed can be more lncreased
unaler double l-oading in both tested
postures.

.rl 5l,',a.h//"6l\'"-+

Figure 4 EOG changes in anti -
orthostasis.

on the basis of our data we can state
that haemodynanic changes - in additi.on
to others - play an important role in Pa-
thomechanisn of vestibulai disorders,
caused by vreiqhblessness. Haenodynamic
changes does not influence unfavourably
informatlon processing ability, namely the
current mental wolk capacity, noreover thql
do not decrease neither psychophys iologicaL
reserves. At the same time lt rneans excite-
nent of central nervous system can be no-
ticed, as the perfect conpensation of hae-
modynamical changes, induced by postural
changes.

t,l +4,{l1wh.\l{/'l
*1,

REFERENCES
1. P.Rernes, L.Bognar, J.Hideg, L.Lehoczky,

L.Dux. 198I. Changes in hemodynamics,
blood oxygen saturation level and cent-
ra1 nervous system in response to postu-
raL loadi.ng. cravitational phys iology
/Adv. in Physiological Sciences Vof :-gl.
Eds.: .I.Hideg. O.Gazenko. pergamon press,
Alad6tniai Press, Budapest. pp 299-3O5.

2. P.Remes, J.Hialeg, L.Bognar, J.cy6k6ssy.
1979. Fazoviy analiz seldechnogo tsiklapri izrnenenii polezheniya tela kosmonav-
tov. Dokl . Del. VNR na Xff Konf. Kosm,
bio1, i med. Soveta Interkosnosa.

3. J.Hideg, L.Bognar, p.Remes. V.I.Myasni-
kov, O.P. Zukova, O.p.Xozerenko, I.p.po-
nomaleva. I980, l'rnogos toronniy podhod
k ocenke ums tvennoy rabotosposobnosti
opelatorov. Dokl, Del, VNR na XfII Nonf.
Kosn. biol. i med, Soveta Interkosmosa.

4. .r.Hialeg, L.Bognar, p.ReuEs. O.p.KozererF
ko, V.I .Myasnikov, I . p. ponotnareva. I9g2.
Psychophysiol-ogica1 pe!formance examlna-tion onboard the olbital conplex Salyut-
Soyuz. Space 2OOO /Selectj.on of papers
Presented at the 33 rd Congress of theIA!' 1982. paris France/Ed. L. NapolitdD.

,[t

j-_t uarl,1,1n14iy*.

Changes in EEG spectrum in
dlfferent postures.

Cornparison with rest both in orthosta-tic and antiorthostatic positions cerebralbloelectrlc activity increase signi ficant-Iy /indicating inc.ease of excitement of
central nervous system. Within it, the
blgger enerqy level shi.fts toi.rard fast
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CANDIOVASCULAR RESPONSES TO BICYCLE EXERCISE DUNI G

LOUEN BODY NEGATIVE PRESSURE

Nlppon College of Physlcal Educatlon, Tokyo, Japah
atld

AuSust Kr'o8h Instltute, Unlverslty of CopenhaSen, Denmark

lhsayasu Suzukl and Flemnln8 Bonde-Petersen

INTNODUCTION
The purpose lras to corlblne blcycl.e exercise

and Sravitational stresses as lnduced by tor.er
body neSative pressure In orde. to lnvestiSate
the mechanisEs behlnd the regulation of both
central and perlpheral cardlovascular dynaDlcs.
Durlng short perlods of loeer body ne8ative
preasure (LBI,IP) slttlng oh a blcycle ergooete.
placed ln a LBNP box the subJects exercised at
dlffereht rlork rates irlth varled LBNP- Heart
rate, cardlac output, blood pae3sure and lluscle
blood florl in the ].egs vere measure during rest
and exercise.

METHODS

Test subJects vere 6 younS heal.thy oale
subjects Hho Save thelr lnforEed cohsent. They
had alL parttcipated 1n prevlous experiaents ln
our LaboratoFy and were $ell aBare of the
iEplicatlons of the experloent.

Cardlac output ras oeasured by a iebreathi.ng
dethod using a olxture of acetylehe ( 1 .9tr),
oxySen (45r), and arSon (9tr) in nltroge. as
described prevlousl"y (Bonde-Petersen et aI.
1981)- The gasses $ere Deasured siDultaneourly
oh a !,ass spectrodeter and the siSnals processes
on-llne on a PDP ll/3ll cooputer.

Heart rate Has Eonltored by
electrocardioSraphy (ECG) uslna an oscilloscope
( DIASCoPE Ls 521 , Slmonsen & weel ) rhlch
slnuLtaneously dlsplayed the ECC.

Blood preasure was oeasured by the
conventlonal ara cuff aethod.

Le8 ouscle blood flov l.las meaaured by the
Iocat 133-Xenon clearance (Kety 1949, [assen et
aI 196{) after lnJectlon of 50-100 ucl dissolved
ln 0.1-0.2 oI of lsotonic Baline into either
right or left B. vastus lateralis and a-
gastrocneolus. the SatDea radlation rrag counted
by tr.o 6ihlature cadEiuE tellurlde detectors
relghin8 each 49 8 (l.tEMoLoC, Novo Dia8nostlc
Systel!). The detectors rere taped to the akln
overlying the slte of lnJectlon (BoJseh et al.
1982, Bolsen et aI. i983). T'tlo experloenta could
be perforoed per experloental day, one for the
right aDd one for the left-slded ouscles. After
the expealeents the MEMoLoG portabl'e aet[ory
(CMoS RAM) r.as reed into the laboratory coeputer
PDP 11/34 ahd the clea.ance rates Here
calculated off-Ilne,

EXPERIIIENTAL PROCEDURE

The subject rested for at least 30 o1n in the
horlzontal posltlon uhile elctrodes etc- vere
Eounted. He uas then placed in the LBNP chaober
uhlch lras a vertlcal pLastic cyllndre r.lth a

cliaoeter of 650 oE and 1300 ot0 hlah aitting on a

mechanicallybraked blcycLe ersoEeter (Bonde-

Petersen 1983) nodlfled fo. redote control via
the PDP 11/34. The entrles for $ork pov.er rag

Ftg. l. CO and HR as a function of LBm

vla a screen lrith keyboard,
LBNP was appLted at 0 DotlA (control) and -i5,

-30, or -40 DDllg rerpectlvely ln coDblnatlon
rlth bicycLe exe.clse at aest (control) or 100
a.d 200 iratts -

RESULTS AIID DISCUSSION
Cardiac output decreased and heart .ate

lncreased rectill.early ln pa.aIleI both dur1b8
rest and exercise as a lunction of the decreEent
ln LBIP (Fta. l). Thls parallel dlsplaceBent
indlcates that tbe regulatory oechanlsD
responsible for alrlvlng heart rate up and
reduclng cardlac output durlog exercise funtlon
lndependently of the LBNP condltlon. The trro
st16uL1, exerclse and LBNP, are addltlve ln thls
respect the lncrease in HR beln8 related to the
synpathetic nervous activity (SNA) nhich is
lncreased durlng LBNP, whl1e the decrease in C0

rlII be related to the vehous poofln8 in the
legs decreaaing the venoug return.

Mean arteaial pressure (MAP) lncreoent
clurlng exerclse vaas b188er r.lth than eithout
LBNP (Fig. 2). Thls indicatea a potentlated
effect of exercise and LBl,lP, because no chaD8e
was seen durlng .est. This suSSests that LBIP
above a certaln ]ox threshold value - belou
olnus l5 aollS - j.ncreases the senaitlvlty of the
artealal baroreceptors to the exerciae stlEru11.
Above oinus 15 EBliS no further effect of LBNP

rlas recoEnised.

FiB. 2. MAP and !tsF as a funcblon of LBNP.
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Muscle blood fIolj lbcreased both during rest
and exerclse due to LBNP in the face of a

decreaslng ca.diac output (Fi.a. 2) - Thls
indicates that the reSulatlon of central and
perlpheral cardiovascular mechanisrns under LBNP

are indepenclent. In addltton to this a

Eechahlcal factor would play a role at leaat
during rest the transEural pressure dlstendin8
the arterloles thus lnducln8 a falI in local
vagcular realstance.

l{e found the expected decrease ln total
perlphera] .eslstance durlng exercise ln the
control sltuation {LBNP=o). Hotever durlng LBIP
ln both rest and exercise, total perlpheral
reslstahce increased especlally during rest
(ftg. 3). Hoeever, only during rest there 1s an

effect of LBI'{P upon nuscfe vascular reaistance
,hich decreased. Thls was soEeshat surprisj.ng
because prevlousfy 1t has been shoon (Henrlksen

l+:.

3. TPR and LMR aa a functlon of LBI'IP.

l9??) that a dlstehslon of velns r1I1 lncrease
the arterlolar resistance at leaat locally in
the skin and this eas suspected also to happen

ln the ouscle- Horever, during exerclse the
Iocal Duscle vascul'ar resistance (LI',R) did not
chan8e ouch.

Flg. 4 shor,s as a sutldin8 up of the aesulta
for cooparlson- The effect of LBNP upon the
delta Hn values were slollar both durln8 rest
and exerclse except for at -40 oEHg LBNP durln8
2OO lratts exerclse- This o18ht prove that a

sloIlai .egulatlon mechanisE la actlve both
durln8 rest and exerciae. FroD the r18ht haDd
panef of F18. 4 lt is cl'ear that conblned

Flg- 4. Increoents ln Hn and MAP over LBNP-

sti[uli of exercise and LBNP can evoke b188e.
changes but lt geeEed to have a certaln
saturatlon point at LBNP below -15 moHS-

CONCLUSION
tleart rate and bLood pressure are re8ul'ated

through dlfferent reflex Eechaniaos during
exerclse ln an increased Sravltational fleld as
slEulated by LBiIP- The ouscle vascular
reslstance durlng exercise 19 excluglvely
oetabollcally re8u}ated. Durlng rest the
vascular reslstance 1n Dusc]e l{1].1 decrease
durlng Sravltational ataeEs due to noD-regulated
Eechanlcal dlstenslon of the vesselg.
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VENOUS AFFEREI\T ELICITED SKELETAL I,IUSCLE PUI,IPIIiG:
A I.{EX ORTHOSTATIC VEI1OPRESSOR MECHANISfi

F. J, Thompson and 8. J. Yates

Department of lleuroscience, Colleqe of ttedicine and
oepartment of Physiologica'l Sciences, Co ege of Veterinary l4edicine

Unjversit-v of Florida, Gainesville, Florida 32610INIRODUCTION RESUITS
The venous svsten is orofoundlv susceptible to A. Sensitivitv of Venous Afferents to Veingravitational accelerations; sirp'le changes in fallStretch

posture initiate decreases 'in venous return that Stretch of the vein watl of a segment of the
are a draoatic challenqe to circulation. l.lany femora I -s aphenous vein evoked spinal cord fie.ld
nechanisns have been described to contribute to potentials'which nere recorded ?rom the oial sur-orthostatic tolerance. iace of the lumbar spinal cord and were largest inPreviouslv reDorted circu'latorv control systens the sixth lumbar cord segment. 

-ihe 
inset ii fiq.

l::: i?! 11.]r!:d sensorv.input from the periph- 1 shows cord oo"su, .eip6niii 
'evoi;d 

by perfusion-eral venous systems; nor do these contro'l iEcha- distention of a seqment of the femoral'saphenousnisms include a neural reflex control of the vein with tntrivenoui J i rt"n[ion 
-p""irrres 

of 0.3,intra',usclrlar venous caoacitance.. The oeripherar ?.5, 4.4, 8.0, a"d ia.5 ;,r 
-ti;; -;elpiit 

i ,et v.venous. systems are significantly involved in These studies'revealed that i6"a-a6"iurn potentials
orthostatic hypotension because these are initial could be evoked wittr intrivenoui Jiiienajnq ores-sites of orthostatic b'lood shifts and blood Doolinq. sure transjents as I or. as Z_l ,m iq,- The maxinalSensory innervation of the peripheral blood arnptjtude ,,in;l-;o;J e;;k;a 

-poienii 
ar s werevesse'ls have been descrihed in numerous anatomical elicited by distending pressuiei-oi |A-ZO mm Hq;reports beqinning in 1863. Recently our 'labora- half maximum resoonsei vrere observed at 6-g mm'iqtory reported the Droiection of low threshold limb distending pressure. fne ieiiiive-implitudes of

venous afferents to the spinal cord (1) and to the cord dorsum potential resoonses eliciied by per-
cerebral rctor cortex (2). subsequentlv, the fusion pressure transjents from I through 72 mm Hginteraction of these afferents with seqmenta't are shown graphically in Fig. 1.
spinal reflexes (3), and the responses of the'lunbar spinal cord to lirb vein distentions rere
reported (4).

The purpose of this reoort is:
1) to describe some of the functional trans-

duction oroperties of sensory fibers which accom-
pany and innervate the peripheral venous system.

2) to describe sone of the connections of
these afferents in the central nervous systan to
uncover potential functional roles of these fibers.
I.IETHODS

The experiments were carried out in decerebrate-
spinal cats. The surgical procedures were carried
out in cats anesthet i zed ,i th nitrous-oxide/
halothan inhalation, anesthesia. The femora'l vein
was exposed at the flEdial thiqh. The femoral-
saphenous venous afferents were activated for
study by electrical stimu'lation and also by tro
methods to stretch the wall of a seqment of the
femoral saDhenous vein. Electrical stimulations
{ere done by passing current pu'lses 2-3 fln longi-
tudinally alonq the wall of the vein. one m-"thod
of rall stretch was done by distention via perfu-
sjon of a cannulated seqrent of vein. The intra-
venous distending pressure tas rneasured directly
with a blood oressure transducer. The second
means of wall stretch was done using an electro-
mechanical transducer to produce controlled
mechanical stretches of the wall of a segment of
the femoral saDhenous vei n-

Evoked potentials were recorded with a silver
ball electrode qently touchinq the exgosed pial
surface of the spinal cord.

FIGURE 1. RESPONSE AMPLITUDE VS. VEIiOUS PRESSURE,

Graph; Insets show responses and time
course at 5 different pressures, (4).

Stud'ies usinq control led nechanica'l stretches
of the wall of a segnent of the femora I -s aDhenous
vein revealed that stretches as small as 5 microns
per fll of vein seqment length could evoke cord
dorsum Dotenti als.

8. Venous Afferent Elicited Skeleta'l lluscle
Pumpinq

EI ectrical stimulation of fenoral -saDhenous
venous afferents el'icits facilitation of hindlinb
skeletal rusc'le motoneurons. This has been
revealed through several different measures of
motoneuron excitability. Shorn in Fig. 2 is a
sing'le unit recording from a lateral gastrocnemius
motoneuron. The lower trace shous the neuron's

-t-
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response to hackfirinq the muscle nerve with a

train of three shocks at 500 Hz. The identity of
the motoneuron is confirmed bv the observation
that the response frequency and latency are com-
patible with antidronic invasion rather than by
synaptic excitatjon of the flotoneuron. The moto-
neuron excitatory Dotentjal with superinposed dis-
charge shown in the upper trace was elicited by
venous afferent st inu I ati on.

saphenous vein elicited rDtoneuron oooulation
excitatory potentials recorded frofl ventral root
fibers of the seventh lumbar cord segment.

C. VENOUS AFFERENT VENOPRESSOR MODEL.

The oreceedinq data taken toqether indicate
that venous afferents are sensitive to vein wall
stretch and in addition have soinal reflex connec-
tions to ske'letal nusc'le motoneurons.

lr,Je proDose that these connections provide a

means for lirb venous afferent modulat'ion of
skeletal muscle tone.

Further, we proDose that this fildulation of
skeletal muscle tone provides a rapid means of
controllinq the caDacity of the intranuscular
venous reservoir, throuqh the long established
effects of muscle tone counterpressure on musc'le
venous capacitance ( 5,6 ).

since the fe(ora 1 - saohenous vein is distended
in the initial staqe of orthostatic blood shift'
we Drooose that the stretch sensitive venous
afferents together with their reflex connections
to nptoneurons, combine to produce a substrate for
an orthostatic nuscle tonus-venoDressor [Echanism.

This mechanism may therefore be lorth noting
not on'ly in the adaptation of the cardiovascular
system to 1-G, but also in the development of - -
c;rdiovascular deconditioning associated with 0-G
mi ssions (7).

O,,VL

A

B

FIGURE 2. MOTOI{EURON RESPONSE TO VEI'IOUS AFFEREIIT,

uoper trace, 'lower trace, response to
stimulation of l. gastrocnemius n.

Simu'ltaneous recordinqs of E!1G activitv in
hindlimb muscles revealed that venous afferents
elicit activation of both flexor and extensor
muscles of the thiqh and I oHer leq. This pattern
is different fron the reciDrocal innervation pat-
tern known for cutaneous and muscle afferents.

Recordinqs of the intramuscular oressure durinq
electrical stimu'lation of the femoral venous
afferents revealed phasic increases of several rm
Hg pressure nith abrupt onset and brief duration.
Fiq. 3, middle trace sho[s a record of the time
course of an intramuscular pressure increase in
the qracilis ruscle elicited bv electrical stimu-
lation of the femoral venous afferents {ith a
train of four shocks at twice threshold for the
cord dorsum potential.

20m-!

t

FIGURE 4. PRoPoSE0 [0DEL

OF VENOUS AFFERENT

ELICITEO SKELETAL MUSCLE

TONUS VENOPRESSOR

MECHANI SM.
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ANTTORTHOSTATIC HYPOKINESIA IN MONKEYS (EXPERIMXNTAL MORPHOLOGICAI STUDY}

E.A. Savina, A.S, Kaplansky. V.N. Shvets, G.S. Belkaniya

Institute of Biomedical Problems, Moscow, USSR

The autopsy and histological examj.na-
tions of organs and tissues of rhesus-non-
keys have demonstrated that during head-
down tilt they alevelop: a) blooal redistri-
bution accompanied by increased rnasses of
brain, Iungs, heart, Iiver, and kidneys;
b) hypokinesia-induced changes; c) st'mp-
torns of an acute stress-reactio , and d)
norphological rnanifestations of adaptive
reactions aimed at stabj-1izing hemodyna-
mics and f luid-electrolyte balance. These
findings are in agreement lrith cli.ni.cal
and physiological data obtained in humans
during head-down tilt studies.

At present a large body of data on
rnanrs clinical nanifestations and physiolo
gical reactions to head-dol,n tilt has been
accutnnulated. However, it still remains
unclear i{hether the clj"nical symploms are
only functional variations or are assocj.a-
ted with structural changes. In thi.s con-
text, it j.s very intelesting to perfonn a
morphological investigation of nonhuman
primates since their henodynanics and phy-
logenesis are similar to those of humans
thus allowing data exlrapolation.

Head-down tilt tests were carried out
on 12 rhesus-monkeys. eight of rrhich were
at -5o for 7 and 19 days anal four serveal
as controls. The autopsy has demonstrated
three types of changes during head-down
tilt: blood ledistribution, hypokinetic
syndrome, antl stress-reaction. Blood pool-
ing in lhe upper body was readily diagnozed
on the basis of distinct blood congestion
in veins and soft cissues, meninges and
cerebral matter. as well as the parenchlrma-
tous organs - lungs, heart, li.ver, kidneys
irhose nass increaseal significantly. By day
19 the nass of the braj.n increased by 13t
and that of the lungs, liver and kidneys
by 20-308. The mass of the left ventricle
and the septum grew by 24* and that of the
right ventricte by 6i. The soft tissues of
the lower body and particularly of the
limbs i,rere ischemic and dry. th)'nus involu-
tj-on, reduced spleen nass, adrenal hyPer-
trophy and fat loss are considered as
stress nanifestations whereas decreaseal
mass of lower limb muscles, especially
antigravitational, are regarded as manife-
stations of hypokinesia Per se.

The nicroscopic exanination has de-
monstrated that henodynamic disortlers in

the microcirculatory bed of parench)4ratous
organs aliffer in their pattern and functio-nal importance.

The most marked hemodynamic changes
lrere seen in the bEain. They included per-
sistent congestion of small veins, greiter
permeability of vascular walls and edema-
tous perivascular spaces. The X-ray exani-
nation of temporal bones showed a rnore dis-tinct pattern of finger-shaped depressions.
In man this is usually a pathological sign
of increased incracranial pressure, Cereb-ral mj.crociruclatory dj.soralers developed
together with initial symptoms of hypoxic
resrons ot neurons and g1ial cells that arenornally considered as reversible. For in-stance, Betz cells were of greaCer size andmodlfied shape, they showed a swollen cyto-
plasm and partial tigrolysis. The onlystructure where more plonounced dystrophic
changes in the form of single cell ghoits
were seen vras the dendate nucleus of the
cerebellurn. Eye exaninations also revealed
persistent congestion but atystrophic chan-
ges riere observed mainly in the capillary
endothelium. Electron mj-croscopy examinati-
ons of endothelial cells demonstrateal ede-
na, increasetl number of pinocytotic vesic-
1es, and myelj-n boalies in place of aleatl
mitochondria. Nevertheless, there were no
dystrophic changes in the retina of tnost
animal s .

In contrast to the brain and eyes. the
Iungs, heart and Liver exhibited no signs
of increased permeability of vascular walls
in spite of distinct blood congestion. A1-
though small veins and capillaries of the
Iungs were congested, no signs of edema
were seen in the parench)rma. Consequently,
lung hypervolemia can be viera'ed as a mani.-
festation of blood accu nulation.

In the heart the number of functionj.ng
capillaries and their congestion in experi-
nental and control anirnals were similar
vJhile Thebesian veins of experimental mon-
keys were gleatly dilateal and congested,
especially in the left ventricle. In view
of the role Thebesian veins play in caralio-
pulmonary circulation (1) it can be assumed
that aluring head-tlorrn tilt a major portion
of the venous blooal of the heart goes along
the Thebesi-an veins to the left healt in-
stead of the right heart as it is in the
norn. The norphometric stualy revealed no
signs of hypertrophic cardiomyocytes in
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both ventricles. rn the liver blood conge-
stion in the portal veins \itas no! accompa-
nied by greatar permeabilj'ty of qapillali-
es or parenchlimatous lesions.

Thus. the norphological investigati-
ons have sholrn that during head-dolrn tj-It
blooal redistrlbution is responsible for a
greater rnass of Parenchl4latous olgans. The
examinatj-ons have also nade it Possibl'e
to evaluate circulatory disorders in dif-
felent vascular regions and to identify
their consequences.

Changes of the second group were as-
sociated with hypokinesia per se' variati-
ons typical of the early stage of hyPoki-
neaia were demonstrated nicroscopicaLly in
the hematopoielic system (inhibition of
erythropoieEis) anal in the nusculo-skel'e-
tal syslen, The tibia showed greate! vascu-
larization of the conpact substance, larg-
er osteons and haversian'E canals, disorde-
red oateons, and enlarged areas with gj'nus
resorption. Untike rats, early sltmptoms of
osteoporosis in monkeys were seen not only
in the trabecular but also in the compact
subscance, whereag inhibition of bone
qrowth which is very digtinct in rats was
iess marked in monkeys. similar changes in
bones of monkeys exPosed to 14-day hypoki-
nesia have been reported elsewhere (2) .

Finally, the structural study of the,
neuroendocr-ine systen indicated that blood
redistri.bution and hypokinesia may cause
not only stress but also atlaptive reacti-
ons involved in the developnent of a new
hydration 1evel and fluid-electrolyte ba-
1ance.

Por instance, during the first 7 days
of head-down tilt morPhological nanifesta-
tions of inhi.biteal ADH-vasopressin excre-
tion were seen in the hypothalanus-pituita-
ry neurosecrelory gystem. This was eviden-
ceal by large accunulation of the neurosec-
retory aubstance in all comPartlnents of
the syste$, alongside with angiospasms. The
reactions aimed at stabilizing fluid-el-ec-
trolyte metabOlisrn also included activation
(by day 19) of the atdosteron-producing
glomerular area of the adrenal cortex. In-
creaseal aldogteron was also observed in
men during head-down tilt(7) . The changes
in calcitonj,n-secretj.ng c-ceIls and Para-
thyroid glands are essentially objective
paramelers of their involvenent in hypoki-
nes ia-associated changes in Ca netabolisn
and bone struclure. In the thyroid glanal
the count. of c-ce1ls producing calcitonin
j,ncreased during the first 7 days and de-
creased by day 19 due to enhanced hormonal
secretj.on to blood. The activation of Pa-
rathyroid glands became distinct by day 19
which is in agreenent with the data on an
increased concentration of PTH in blooal of
bed-rested nen (9) .

Thus, the investigation of norphologi-
cal reactions in rhesus-nonkeys helped to
identify the structural basis of rnany func-
tional changes seen in man during head-down
tilt and to demonstrate that head-down tilt

of nonkeys is an adequate animal model fo!
gtualying mechanisns of reactiona that deve-
Iop during head-down tilt and at an acute
stage of aalaptation !o weightleasness.
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CARD IOVASCULAR RESPONSES TO SPACEELIGHT

I. Phot.ographic Evidence -

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASH INGTON, DC USA

INlRODUCT ION

The Card iopulmonary system undergoes
substantial adaptive changes d ur ing
spacefl ight. The effects of
we ightlessness are particul,arly important
because many of the adaptive capabilities
of the cardiopulmonary system have evolved
with specific mechanisms to counter the
conti.nuous puLl of Earthrs gravity. Some
of the changes in this system. such as
cephalic fluid shifts, are the direct
resuLt of i{e j.ghtlessnessi others appear to
be concommitant adjustments and only
indirectly related to the zero-gravity
environment.

Despite the voluftinous biomedical data
obtained over the last 25 years of manned
spaceflightr the time course and exact
etiology of the cardiovascular adjustments
to i€ightlessness are still poorly
understood. Histochemical studies
conducted on animals inflight are stilI
too few in number and the i.nformation i.s
too sparse to alLow for a comprehensive
understanding of the problem. The state
of knowledge is further confouoded by the
med icalsafety and ethical considerations
for the extensive use of countermeasures
in manned missions. It is imperative that
in the future fliqhts. through carefully
planned and executed burnan and anirnal.
experinents, a more precise kno,rledge is
acquired for the development of rational
countermeasules to facil itate adaptation
to weightlessness and safe return to the
Earth I s environment.

BACKGROUND

Documented changes exhibited by the
cardiopulmonary system in spaceflight sten
from several observatioDs:

Eluid Shifts
iI6-iolI-EI!'n i f i can t alteration that
occurs in the cardiopulmonary system
is the cephalic shift estimated at 1.5
to 2 liters from the lorder
extremities. Evidence for this shift
of fluids has been obtained from:

eh- t-s r; ph-;-t;I66-T;?r ishr show
s igns of periorbital puffiness.
facj.al edema. and thickening of
the eyelj.ds (Thornton, Hoffler, &
RummeI, I977). The jugular veins
and the veins in the temple, scalp
and forehead appeaE fulI and
d istended, Although the inflight
uplifting in the facial tissue may
have been partly due to the
absence of gravity, the fluid
shifts probably also play a
sj 9n i fican t role, part icular 1y
through venous engorgement. ine
edema and venous engorgement donot subside even after some months
in space. The crews, subjective
feelings of nasal stuffiness and
head "fuLLness.', support the
hypothes is of substantial fLuid
shi fts.

lEggg: in calf Girth and Lggvorume - space travelers have
typically demonstrated inf tight
decrements in calf gi.rth of up to
30 percent. It appears that the
major shj.ft of flui.ds does occurrapidly. upon inser t ion into
crbit. The rate of fluid shifts
also appears to follow an
exponent iaI course, attaining a
maximum within 24 hours and
reachj.ng a plateau or a new steady
state lrithin three to five days(HoffIer, Bergman, & N icogoss i an,
L9111 . Calf volume measurements
taken dur ing fong-term Sovj,et
missions aboard Salyut 6 showed a
sinilar pattern of decrease, with
values reaching a plateau on the
twelfth infLj.ght day. Over 14O-.
175-. and 185-day nissions,
fluctuat ion s iD leq vol,utne
followed a wavelike course of Loss
and recovery (Gazenko, Genin, &
Yegorov, 198Ia; Sinonov and Kasian
198li Nicogossian aod parker
1982).
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The changes in limb volume and
initial ,re ight losses,
par t icul ar Iy the rapid postflight
recoverY, ind icate the occurrence
of substantial cephalic fluid
shifts infIight. On the basis of
inferences dral,o fron the results
of ground-based simulation stud ies
(BuEkovskaya et aI., 1980; Katkov,
chestukhin et a1. , 1981;
Nicogossiao et a1'. r 1979; Sandler,
197?) and infliqht data (Gazenko,
cenin, & Yegorov, I98lb), it
appears that these fluid shifts
result in a nunber of
phvsiolog ical readjustments. The
lmmediate response is an initial
increase in central blood volune.
resulting in s t imulat ion of
card lopulnonary me chanotece Ptor s.
The activation of these receptors
Ieads to an inhibition of the
medullary vasotnotor center,
decreased sympathetic ne r vous
system tone, and indirect effects
oi renal function via both neural
and hormonal Pathways. Thus. the
complex events triggered bY the
flu id shifts initiate comPensatory
hypovolemia and the
card iopulmonary syscem become s
stabilized at a new
pressure/volune re Iat ionshiP.

increased cerebral perfusion. However. so
far no gross indications of increased j.n

cerebro-spinaL fluid pressures have been
docunented.

Decreased orthostatic tolerance and weight
has invariably been observed among space
trave Iers postflight (Nicogossian and
Parker 1982, simonov and Kasian l-983,
cazenko et al 1976, 198la. 198lb).
Decreased circul.atiog blood vol'ume, f1uid,
electroLyte and endocrine changes, altered
cardiac slze (Nicogossian and et a1,
19?6), ana caldiovascular dynanics as
measured by echocardiographic changes have
been aII observed PostfIight. The
recovery period has been quite variable
and degrnding on the duration of
spaceflight has taken as Iittl'e as foul
days and as long as four weeks. Decreases
in skeletal (especially ant ig rav i ty )

nuscLe mass has been aLso noted, which has
led to the predictions of Possible
myocardial nuscle mass decreases- More
recently, smaLl but reversible decreases
in teft ventricular nuscle mass have been
reported, utilizing echocardiography
(Nicogossian and Parker 1982). In Iight
of the restoration of the nyocardial
muscle mass by the seventh day postflj.ght,
i.t seems that direct nyocardial' tissue
degeneration is unlikely and that the
observed changes could be due to e j.ther
interce IIular hypovolemia.

Pos tfliqht F i nd ings

Since 1980, NASA has placed its research
thrusts on the mechanisms of
card iovascula! decond itioo ing and
development and testing of effective
counteEmeasures. The pr j,ne technical
objectives are to:

1. study henodynamic changes. especj,ally
inflight, utilizing both invasive and
noninvasi.ve procedures. .The se studies
witl a1low a better definition of cardiac
pressure/volune relatioDships, and the
role played by the venous and arterial
systems in regulating cardiac and
putnonary function in 0-9.

2. Study of the endocrine and
neulohumoral aspects of card iovascular
physiology to ellicit the presence or
absence of an active diuresis, the
regulatory effects of altered electrolyte
balance on myocardial function, and the
effect of fluid shlfts on baroreceptors
and re fLex control function.

3. Study of myocardial changes and
temporal aspects of specific etiologic
factors such as ionized calciun fluxes and
myocard ial isoenzymes, and
sod ium/potassium pump function.

The mean resting values of heart rate and
systollc blood pressure tend to increase,
while the diastolic pressures decrease as
compared to prefLight values. The
observed alrhythmias and changes in
electrical activitY Point to a
sympathe t ic-par aslmpathe t ic neural
iirbltance. lrhich coul.d also be triggered
by the fluid, electrolyte and endocrine
clranges. The consistent losses of body
weight point toward a negative fluid
balince in response to diuresis antl/or
diminished fluid intake (Nicogossian and
Paxket. L982i Simonov and Kasian, 1983).
Recent echocard iographj c studies conducted
onboard the Salyut-7 ind j.cate initial
increases and subsequent decreases in left
atrial and left ventricular diastoLic
dinensionsr uhich can be indicative of
significant hemodyoanic changes in the
cardiopulmonary system generated as a
(esult of sma11. left and rigbt atrial
pressures. Additional. findings consj st of
increased blood flow and compliance in the
loerer extremities (Thornton and Hoffle!,
19?7); decreases in cardiac stroke volume
and shortened isovolumetr ic contractions
time (Yegorov et at., 1981); decreased
vital capacity (Sai.rin et aL, L976) i
unchanged work capacity inflight (Michel
et al, l-977i Runme 1 et aI. 1978i Gazenko
et aI, 1981a, l-98Ib)i and PossiblY,

Inflight Measurements
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4. Development aDd study of
countermeasures for deconditioning, such
as exercise, lowe! body negatj.ve pressure
devices, salt and water Ioading a;d
speci.f ic med icat i on s.

Experience gained so far j.ndi.cates that
the card iopulmonary system acclimates
satisfactorily to Che space environment,
and that human beings cao maintain
functional qapacity for pr ol ongedperiods in space. However, this
adaptation is not appropriate to
one-gravity environnent, and some
cardiopulmonary responses may require upto three weeks postflight to return to
pref l j.ght base I ine s.

SUMMARY AND CONCLUS IONS
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C. Gunnar Blomqvist, F, Andrew Gaffney, and J.V. Nixon

University of Texas Health Science Center at 0al las, Division of
Cardiology and the l,ieinberger Laboratory for CardioPUlmonBry Research

INTRODUCTION
Head_dceJn ti lt was introduced by Kakurin and

others (4) as a r€thod for the study of cardio-
vascular adaptation to weightlessness. Subsequent
studies, including crossectional corParisons of
adaptations induced by actual space flight and by
head-dd{n tilt at moderate angles, have Provided
further support for head-dcNn ti lt as a siflulation
method. oualitative and quantitative simi larities
with respect to body fluid shifts and post-inter-
vention cardiovascular dysfunction have been estab_
lished (1,7). The extent to which the exact tirIE
course of the response to weightlessness can be
reprduced is sti I I uncertain. The cardiovascular
responses to microgravity and to head-dorn ti lt are
clearly more rapid than the responses to horizontal
bed-rest (2). ccnparison of echocardiographic rEa-
surelEnts in space, obtained during the Soviet-
French collaborative study (Pourcelot, personal
conmunication) on Salyut-7 and during (rur head-
do,.rn tilt studies suggest that cardiovascular
changes rlay occur more rapidly during tilt than in
space but more data are needed.

The vast riajority of cardiovascular sioulation
studies have been perforoEd in young healthy r,En
(2,6), but current missions are flo.rn by crews
including female and flEle astrmauts in their
forties and fifties. Recent bed-rest (3,6.8) and
tilt (Leach, CS et al., personal cormunication)
studies lncluding woqlen and middle-age men have
denronstrated that most features of the cardiovas-
cular dy5function induced by bed-rest devetop
independently of age and sex. Ho,/ever, there is
no informatiofi on the effect of age on the response
to head-dcrvn ti lt, tre have therefore cofipared the
effects of a 24-hour perlod of head-dc'{n tilt at
-5' in middle-aged and young iEn. Our hypothesis
was that age-related differences exist since lrEny
aspects of cardiovascular function shov s igni ficant
a9e trends (5), ln particular, we considered it
likely that the blunting of the arterial barore-
flexes with increasing age and the decreasing
nryocardial ccnpliance (or increasing stlffness)
would affect the responges,

volume- A decrease of 51 within 2 hrs was recorded
in both groups. The decrease in total blood
volurE (;€asured by the RlsA and 5lCr techniques)
after 24-hour tilt was 5lightly larger anong the
older irn (0,51 corcared to 0.39 Iiters) but the
difference was not significant. PlasnE renin
activity was reduced in both grouPs, from a control
level of 1.21.2 to.51.2 at 5 hours in the young

and frcrn.551.2 to.171.02 in the middle-aged men.

Rates of urine production (ml .min_l) were increased
during the initial I hours of tilt coopared with
the subsequent 16 hours, 2.191.30 vs l.l51.ll in
the older group and 1.981.29 vs 1.361'12 in the
young group. Thus, age had no effect on the tir€
course or oEgnitude of the shifts in body fluids.
Ho,/ever, the cardiovascular resPonses were signifi-
cant I y d iffe rent ,

Tab le I
BASIC CHARACTERISTICS OF THE SUBJECTS

H I DOLE -AGED YOUNG

N5
AGE, years 4511
HE I GHT, cm 179!3
WEIGHT, ks 88t6
V02 HAX, ml .kg-r.rnin-I 3013
TOTAL BLOOO VOLul.tE, liters 6.28.0.3\
HEAN ARTERIAL PRESSURE, mmHg 8512

t0
261-1

182!2
12!3
36!2
5.03r0.62
79!3

RESULTS
l.re studied 5 rEn, age 4l to 48 years, and

co.pared the results to data from our previous
studies (which also Include detai ls on protocol .nd
methods) in lO young (22-30 years) rEn (1,7). Th"
basic characteristics of the two groups are shcrdn
in Table l. Height was simi lar but the older rEn
were significantly heavier (p<0.001). fiaxinral
oxygen uptake (!02 nex) was lo{er in the middle-
ag€d group (p<0.001) but fitness levels were simi-
lar and slightly belov average if nornEl age trends
are taken into account.

The tiiE course and flEgnitude of the central
fluid shift were evaluated by [Easurer€nts of leg

llean values t S.E. Differences with respect
to age, weight and 902 lux v,/ere significantly
d i fferent (p.o.OOt ).

Central venous pressure (CVP) increased in
both groups, but the increase was larger (4 vs 2.9
cm H20) and more sustained (5 hrs vs I hr) in the
older group (Fig, 1). An Increase (+5 m in the
young and +2 rm in the middle-age nen) in left
ventricular end-diastol ic diaiEter ( -nDde echo-
cardiography) occurred in both groups, but the
older ,rEn had a larger dia@ter in the control
state (4513 compared to ql12 fin). There were no
change5 in contractile state as determined from
echocardiographic estimates of left ventricular
ejection fraction and rrEan velocity of ciacumfer-
ential fiber shortening. Both groups kept indi-
rect arterial pressure constant throughout the
experifi€nt. Stroke volume (derived fron measure-
ments of cardiac output by the C2H2 technique and
heart rate) increased initial ly in-both qroups but
returned to baseline levels within 5 hours (Table
2), consistent v,/ith a transient increase in
ventricular fi I ling pressures and a Frank-Starl ing
effect. The young lIEn had colpensatory brady-
cardia with a decrease frc/,n 75t\ to 6412 beats/mln
during the initial ll hours, whereas the middle-
age men had no significant heart rate changes.
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lable 2
STROKE VOLUI{E (HL) DURING HEAD-OOIi,N TILT
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Figure l. Central venous pressure (cm Hz0)
be-?6i-{s,:p ine rest) and durinq head-do;n
ti lt. Hean values from 5 middle-aged nEn
(square syn5ols, solid line) and l0 young
fllen (filled circles, dashed line).

As a consequence, cardiac output reoEined
stable in the young nEn but increased significantly
in middle-aged men from 5.9 to 7.9 liters.min-l'
Post-tilt studie5 sho^,ed significantly increased
heart rates during lo{er body negative pressure
(LBNP) and subrEximal exercise (Table 3) in uottr
groups without significant age effects.

Ho\{ever, the exercise response tended to be

altered less in the middle-age rEn as reflected by
sonEwhat snaller decreases in nuxioul oxygen

'Jptake 
(-lOt or -1,0 ml .k9-l'min-l conpared to -22?

or -7.9 ml .kq-l.min-l) and smaller increases in
heart rate at subfiaximal levels (Table 3). The

reverse h/as true for the LBNP response and the only
incidence of pre_syncope or syncope during the
coflb ined studies occurred in one of the older men.

24HRS,

Tab le 3
HEART RAIES (8EATS/xrr.l) BEFORE AND AFTER TILT

REST, supine

PRE-Tt LT POST.TI LT

M 6314 66!6
Y 5813 73!\

90r8
9r 16

+22
+17
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+3
+15

LBNP, -40 rmHg

SUB-ItAX. EXERCISE

6815
7\!5

H I l619
Y I l8i5

135J8
14415

+19
+26

t1

llean values I S.E' t{-xiddle-aged, Y-Young

5ubjects. SubmaxinEl exercise r''as perforned
in ihe upright Position on a,IEchanical bicycle
ergdieter at a workload of 100 U'
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ln suflrEry, the over_all pattern of adaptation
to.2q-hour period of head-dcrrn tilt was similar
in young and middle-aged ttEn with a central fluid
shift, a transient increase in ventricular filling'
e diuresis and a blood voltrne decrease with a
return within 24 hours to supine baseline levels
for nrcst cardiovascular neasurefiEnts. The princi-
pal differences included a larger more prolonged
increase in CVP in the older 9rouP, but changes in
stroke volume were of equal flEgnitude. These
findings are consistent with a decreased ventricu_
lar compl iance in the older tEn. Arterial pressure
was maintained constant in both groups but by
different rlEchanisms, suggesting an age-related
difference in baroceptor function. There wa5 a

reflex_induced bradycardia in the young lIEn, but
the middle-aged fiEn responded with vasodi latation
to the transient increase in ventricular filling
and stroke volume. These findings indicate that
at rest arterial pressure i5 more tightly regulated
than cardiac output, Post-tilt' actual and func-
tiona! hypovolemia was apparent in both grouPs.
Further studies are required to evaluate a trend
suggesting a greater effect on exercise performance
in young and on LBNP response in middle_age men.



rNF',I'ENSE OF OPTOKINETIC STIMUIATION A}ID
I[lIIERsloN oll EYE-HEAD CooRDINA'I]IoN IN IIIAN

Bar1ldn v.A., [retdlch Yu.V., Fozlovskaya I.B.

Instltute o! SloBedical lroblena, lloscow, USSR

]NTRODUCTION
The vlsual and ploprioceptive affe-

rent systemr are know! to be cLosely asso-
ciated functionally and structurally wlth
vestlbular one. Ihe recent ner]rophyslolo-
glcaL studies polnt out to a direct lnYol-
ienent of the visual and proprioceptive
alsnals ln organlzs,tlon of the responses
o.t-vestlbular nuclel (3, 1, 10). The popu-
latloDs of neurona respondlrg edequately
not only to the vestibulsr but to the v1-
sual aDd proprLoceptlve signals have been
founil in all the vestlbular proJectlon
fle1ds ln aI
keye (4, 5).
of the gravi
paranet era o
ceptive reoe

cLea fton flshes to non-
g obvlous that alteratlon
nal. Ioads, changLng the
vestlbular and prop!lo-

actiYity would dlsturb a
nlc afferent lnteraction.

In solre erDerlnente the galvanlc Yestibu-
16r thresh;1d waa also determlned.

The characterlstlcs of eye-head co-
ordlnatloB have been 6tudied In standard
sltuatlons and ulder condltlons ol opto-
iinettc atiEruLatora. Dark and 118ht strlpg
ol 3 cn wlde each were p"oJected to tbe

"arl 
,creen with the ald of optoklnetlc

drun r the strips noved wlth th€ speeal o!
48-50 des/s. To aecertaln a role of pro-
orioceptlve 81m416 the paraneterg of re-
irctlon'were studied also before and afte!
?-day ln$er8lotr hyPokiae8la.

RESUtrTS A.ND DISSUSSION
In control, the subJectB Perforned

the taEk oulcklv and preclsely. The spa-
tla1 and ienporll pattern o, tbe reactlon
wae-siardera- and siable. (t'18. 1). A sac-
c;de ry'I th a latent pelloat o! 2)o-29O 4s
was the fir8t to appear. Ihen at a delay
of 20-60 na a head-;tsrted to turn to the
saBe dlrectiotr. On completlon of the 8ac-
cade. Ehen an eye reached the target but
the ireed conttrrued to move. a thild compo-
nent of the reaction - conPensatory eye
counterrotetlon - haa aPpeared.

The anDlltudeg of saccades and head
turn6 yrere ilways smafler than preset an-
Eular dlstance iisina with an lncrease of
i dl"t"r,ce to the target alld the anplltu-
deg ol heed turns sonewhst hlgher tha!
saccaae ones (Flg. 2). The marlmum speeds
oi the saccadee and bead ttrna Eere also
lncreased rrlth an lncrease of the dlstan-
ce to a tarSet. the naxlnun veloclty of a
comoeneatoli counterrotatlon ol the eyes
in iontrol ias 1n a 1lne Yrlth that ot the
head turn. the caln of ves tlbuLo-o culono-
tor reffei deteinlued aE a relatlon ot tbe
rt""a 

"na 
eve countertotation veloclties

"""-"fwavg- cloae to 1.0 (F18. 2). Al1 accu-
racv of ihe eye-head coordl-latlon ln con-
troi sltuatioir was alwaya hlgh: the nun-
[er o! errors did not exceed :%, thelr
naciltude ranAed wlthla 2-3 deg. As a
*fri'f e. tfne oi target catchlng In case of
the tireets o! 20-60 dea dld not exceed
l2O-46o-ms (rls. 2).- The OKS. not dlsturblng the sPatial
DAtteran o! tLe reactlon sa a whole' chaD-
ireil substantlallv the parBnetera o! Ita
:;;';;;;i;;e-tleir riieractlon (Ele. 3) 'in inf" case. the performance of a task

""e 
-c-har"cteifzed Ly facilitat!'rg ol all

l spertl
tatio
, the

eclae and
ptor
ha.rrnopr

But ln what way? In an attenpt to enswel
thls quesjtlo! the ch8racterlatlcs of eye-
head coordlaatlon ln nen heve bee! etudled
tn sltuatioBs when the paraoetera of inteF
actlrg lnputs actlYlty nere altered by op-
tokinetlc stlnulatlor and lxnmerslon.

Ihe coordinated eye-head movementa
that fo1low the unexpected presentatlon of
a visual target ln the pe}lpherBl v18ua1
fleld have been used as an experinental
noalel. In accordance wltb the data report-
ed by 2, 6 an accuracy and tlning of thls
reacilon ln primates and man is ensured by
the Dreclse coordinatlon of three coBpos-
tng ihe reaction noYernenta. na.ne1y. a sac-
cade towarils a target, e sotatlon of the
head ln the sane dlrectlon and a conpenaa-
tory counterrotation of the eyes proYldLng
the- stabllizatioa of the foYea on a tar-
Eet whlle the heed ts 81111 noving. Thls-cooldlnatlon 18 controlled by a feedbsck
Eechanlsns ln whlch the crucial role play
the vestlbular affelent slgtraIs.

METHODS
-- ifre subJects perforned a notor task
ol dlrectina- thelr- gaze on a 1 deg lunino-
oug target ipot presenteil randonly ln a
t"ir r"niaf plriniter JO cn lrom the gub-
iini. sr" tircet epots were spaced at 20
f,ee rntervals-fron- 60 deg to the Ielt o!
inE ntitsaalttal plane to 50 deg to tbe
rlEht.- " Eorlzontal eye and heaal Eovements
vere nonitored, tLelr anplltudes, velocl-
ties and tlne parsretera were anafyzed '
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gain ol ves tibulo-o culoEotor reller eppro-
xLnateal 1.1)-''1 .15 (F19. 3). The nunber- o!positlongl errors alter lEEersloD reeched
,qo, the'ti-ne of task perforEace lncrea-
sed by 4O-5O I!.g. lvhen 0I(S wae used after
lmmerslon trend and roagnltude of the re-
actlon parametera changes ii,ere sLnl.lar to
those 1n the control data. However, OKS
effects in this case rvere sunned with the
lrunerslon ores aDd therefore were Eanlfes-
ted signlficsntly trore clearty. (fig. 3).Ar lncrease of saccade a.mplitude and a de-
crease of head turns elicl.teil by OKS atter
lnmerslon was more prominent. More signl-fica[tly tha! in cont]o1 lncreased after
lEnersion the megnitude of vestlbulo-ocu-
lonotor reflex, gain reeching 1.25-1.29.
The number ol errora Ln case of Ot(s aJter
imrnerslon was cloee to 10q. (7VA04) i tfrLeof the task pelfonrance raised more than
300 ms.
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the oculonotor compone[ts that was manlfe-
sted by an increase of arlDlltudee of sac-
oades (by 4-5 dee), thelr- velo ci tl es (by
1o-1rf) and duratlons (by 5-10 ma) as weI1
as by a slgnlficant rlse of the veloclty
of conpensatory counterrotatlon of the ^eyas (hy )O-47fr for the targets ln a 40"
and 50" range). Tbls latter was liDked to
an Lncrease of the galn of vestlbulo-ocu-
Lonotor reflex (up to 1.16-1 .24) since the
veloclty of head turns 1n thls case did
not change slgnificantly. An accuracy of
eye-head coordination durj-ng oKS was obvl--
ously dlnlnished: a substantlal lncxease
ot an amplltude and anount ot posltional
errors was noted - by the 5th ninute of
stinulatlon their aflount was as great as
45-5Vo i einulteneously, the time of task
perfornlng lncreased by 1!0-180 ns (Ue.3).

An exposure to lnnerslon hypoklnesle
tor 7 ilays also decreased the reactlon
precislo!.. In thls case, the cheages 1n
the parRmeters of the reactlon were some-
wbat dilfereat: the cheracte!1stlcs of the
saccaalss changed lns igni fl cantly; the pa-
rameters ol the second coEponent of thereactlo! - head rnovementg - wete aLteredto a gleater extent: thelr latencles 1n-
creased by 20-30 ns, enplitudes - bv 4-9deg, velocitles - by lO-50 deg/sec.-How-
9verr a! lncrease ol the eye cour,terrota-
tion yelocity was stl11 grCater, so the

Flg. 2. ?arsmeters of eye and head no-yenents performed to dlfferent
target locations. 0n the abs-
ci6sa 1s showfr the locatloa of
the target epots (deg). open.
strlped and black bars show the
data of eye, head and gaze no-
venenta correspo[ding1y. So1ld
and dotted llnes present thevelocities o.f head tu?n and eye
courterrotatlon respectively.-

- The results of the studtes performealln a cooplete agleeneEt vrlth the^ldeas oi(u, 9) and others denonstrate an lmportantrole of the vleual and proprloceptlie af_ferent slgn&Is ln organlsation oi vestlbu_lar reactlons and a11ow to c1a"!ly the
node of these el?ects. As follows- fron theexperinental resuLts, the lnfluences otoptoldnetlc stimulatlon and inmersion on

S-84



eyo
c Ounte rrotat i orr

he ad
movem€nts

RTTERENgES
1. Azzena,G.B., E. ToLu and o. Llanlel11.

1978. Dlstributlon of visual lnput to
the vestlbular nuc1el. ltreuroscl. l,ett.
Suppl. 1, 50.

2. Bizz1, 8.. R. KaIiI, Y' Tagliesco, and
?. llorasso. '1972. Control programnlng
and peripheral feedback durlng eye-
heaal coordlnation Ia nonkey. Blb1.0D-
th€.!.. 82.220-232,

3. cbaE; H.T., c.-P. wu. 1959. optic ac-
tlvatlon of cerebellar srd vestibular
neurons in the tood. Sclence Record

I---T---lu35 o.-l-
oks (min)

vor

'l t2

t-----1035
oks (m in)

3..u-.,.t
.9 r co-.l:l
3 r+oJ

o 220 -r;t
.3rco.l
:l
3rrcl

ots (min) (Peklng), l;540.
4. tr'rederi.ckson, Y.M.

Kozlovskaya, IJ
A.A. Repln, V.
dlnatlon of ey
durlDg the gaz
Physiol. Man.

H.H. Kornhuber. Convergence and lD-
teractlon of vestibular and deep so-

, D. Schwarz, and

pon neurons 1n the
of the cat. Acta

- 1ee. 1955. 
-. Schnldt. 1970. Ef-

on the vestlbular

YU.V. Kreldich,
EaxrDl.n. 1981 . Coor-

Bnd head moveraentg
flxatlon reaction.

1 t 34-39 .
.A. Repin, V.A. Bar-

0
,| l

t------r--'--l
035
o(s (min)

su
1ei
16e
c.l
ce

E 700-;to-l
E 3ooJ

natlc afferent
vestlbular nuc
o to lert'!g. 61 :

5. K1inke, R., and
ferent incluen
organ during actlve movenents of the
body . Pf lusers lcch. )1At 325-332 .

5.

at

FlC. 3. Parameters of eye-heaal coo?dl-
natlon ln control (o) and sfter
3 End 5 nlnutes of oKS (3,5)
before (soIld line) and after
(broken line) 7-day water lm-
nerslon.

paranetera ol eye-head coordinatloD were
somehor sinllar: both effects wele fo1lor-
ed by lacilltatln8 tbe oculouotor sequen-
ses of the reaction and lncreasLng the ve-
stlbulo-oculonotor rellex 8alD. The Latte!
was lnallcatlve of an increase of the ves-
tlbular excltabl1lty. The alteratLons ol
the galvanlc vestibulat thresholas recold-
eat at the aane tlne suggeeted that thlg
increase of the €xsltabllity aflested not
only seEdclrcular ca.nals system but oto1l-
thic apparatue as welIr in all situatiotrs
meltloned, a narked alecrease of the ga1-
vanlc thresholds was recorded durlng of,S
after lnmersion by 0.3-0.4 DA. Slnce tbe
LrunelsLon bypokiaesla 1s assoclated wlth
a sigtriflca.nt faII of the proprioceptive
activlty and In thls case a facilitetion
ol the vestlbulan responses is noted (7),
lt is concluded that the proprioceptlon
ploduces an lnhlbltory effect oD the ves-
tlbular excitability. As opposed to lt,
the ]/isua,l aflerentatioa facilitates the
ve8tlbu1ar activlty. 0f lnterest atrd lm-
poltance 1s the fact of algebralcal sunnE-
tioa of two effects. lolntln8 to the lntle-
pendent mechanism of reaLlzation ol lnllu-
ence6 of two afferent systerns that play
an lmportant role in the control of vestl-
bular actlvlty, thls fact predicts ald ex-
plaiEs an incre&se of rlDvaslvenessn of
optokinetlc stlnulation and a decrease of
speeal aad preciaiou of the eye-heaal coor-
dlnation in weightlessneas.

7. KrefdLF, YuT.,
min, and I.B. Kozlovskaya. 1982. Ef-
fect of lnmersioD hypokineEia on
manta eye and head novements durlng
the gaze firation reaction. Kosm.
Blol:Aviakosm. Med . 16,J2 41--EJ-

8. Lleliy, -IJlT97T.-Testlbular and prop-
rloceptlve stabiLlzatlon of eye move-
nent. In: Tl19 control of ette nove-

A.
e
e
7,

A

rnents, 485-496. Ed;lt T. BaCh-y-&l-
te, C. Coll1nsand, I.E. Hyde. New-
York-Iondon, Acad. Preas.

9. Susuld, 7.7. 1972. Vesttbuler and 6p1-
nal control of eye movenenta. In:
qel'eEql c!,41!o1 of eye lrovenentg anal

ger.
10. Wa1lance, I{.. S.I . Blalr, and G. Irtest-

helmer. 1978. Neural pathwaye common

notion percepf,lon , -TO'J15; Xd; E
J. ):fchgane and E. Blzz. Basel S. Ker-

to vestlbular and optokln
venents. Exp. Braln Res.

etlc eye no-
33, 1t 19-25.

The Physiologist, Vol. 26, No.6, Suppl., l98l S-E5

gaee



A STUDY OF

G. C16ment, V.S

MECEANISMS OF POSTURE MAINTENANCE IN THE WEIGHTLESS

Gurfinkel r, P. Lestienne. M.l. Lipshits * and K

de Physiologie Neulosensorielle, centre National
Recherche Scientifique, Par is, France

Problems of Infornation Transmission, Academy of
Hoscow, USSR.

STATE

E. Polrov *

de la

Sciences

Laboratoi r e

Institute of

ABSTRACT
Adaptation of postural adj us tments

involved during voluntary elevation of
the arn or of the whole body iras studied
during a seven-day space f1i9ht aboard
Salyut-7. Results show an important
forward inclination of the body at the
beginning of the flight, Together with
this inclination a redistribution of the
electromyographic act ivi t ies between
ankle flexor and extensor nuscles i{as
observed. The findings suggests two types
of adaptation of the centraL program of
postuie regulation to we ight lessness.

INTRODUCTION
Maintening a stable posture during

and after the movement of a boby part
such as the elevation of the arm needs
the estimation of postural constraints
and lhe detection of the displacenents of
gravity center. Vestibular, propriocep-
tive, tactile anal visual inputs play an
i.nportant role in the correction of the
postural equ il i br ium 1L,2,3.4,5). These
different sensorial modalities allow the
establishment of central notor programs
well adapted to the terrestrial gravita-
t ional f ieId. In tbe vreightless state,
the control of the position signal ot
body segments with respect to the gravi-
tational field is no nore established.
Furthermore. the gravitational nechan ica I
constraints disappear. The sensiblity of
nume rous r eceptor s i nvol ved in the
postural control is also changed (2).

The purpose of this study was to
evaluate the adaptation of motor control
to the weightless state. This experiment
will attempt to answer the folloi{ing
questions : Are terrestrial postural
programs modified by the vreightless
environment ? Are they closely related to
a terrestrial body scheme ?

METHODS
Test subjects i{ere Soviet and French

crerrnembers of the seven-day space flight
aboard Sal-yut-7. The French cosnonaut
( subj ect J.L.C,) neve r exper ienced
weightlessness before, while the Soviet
cosnonaut (subject V.D.) bad prevj.ously
participated to 2 space flights of about
seeen days each. Both subjects were tes-
ted one month before, 3 days before the
flight, and 3 days after the landing.
Subject JLC iras tested on the second, the
third and the seventh day inf1ight. Sub-ject VD was onl-y tested on the fifth day
infLight.

The postural react ions associated
with the following novenents were taken
under study : l) voluntary raising of the
right hand, 2) voluntary tiptoeing, 3)
unvoluntary body novetnent caused by the
forvrard displacenent of the support plat-
form. In the first and the second condi-
tion the platform was fixed. For each
exper i mental conditions ten identical
trials were performed. Subjects wereinstructed to be perpendicular to theplatform before, during and after each
novement. Concerning the elevati.on on the
tip toes subjeqts were asked to naintain
this new positon during fei{ seconds
( r i se-and-hoId) or to return rapidly to
the initial posture (rise-not-hoId).

Figure 1 shohrs the experimenlal set-
up especially buiLt for this experiment.
Electronyograms of four right teg nuscles
(Biceps femoris, Quadriceps, soleus, Ti-
bialis anterior), hand movenent accelera-
tion, ankle joint angle and the position
of the unfixed part of the support plat-
form were recorded. Instantaneous posi.-
tion of various body segnents it the
saggital plane was recorded by means of a
canera (32 inages/s) which filmed snall
c ircular targets placed on the subject
body.
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1) voLuntary raising of the arm.

Postural adjustments induced by the
voLuntary raising of the arm in subject
JLC three days pre-flight, on the second
and on the seventh alay inflight are shown
on figure 2. These representative trials
of movenents perforned for each day of
experiment show that tonic activity of
tha ankle extensor nuscle (soleus) and of
the ankle flexor muscle (Tibialis
anterior) was modified in the eeightless
state. On the second day inflight the
level- of tonic activity of the ankle
extensor is considerably diminished,
while tonic activity of the flexor is
enhanced, by comparison with pre-flight
alata. At the end of the sPace flight,
tonic activity of both nuscles alecreaseal'
consistent with the findings of Belen'kii
et a1. (I967)(1), recordings obtained 3

davs before the tIight show an initial
buist of activity of Biceps femor is
before the initiation of the arn
movement. In the sane time, SoIeus
exhibiteal a readily desactivation lrhich
lasts after the onset of the arn
movenent. Consecutively to the arm move-
nent the backward sway of the ankle is
associaled with the increasing activity
of the four leg muscles. These anticipa-
tory anal compensatory activities are
closely associated with maintenance of

Figure I. Diagr.m ot aPpa.atus-
!!qure 2: EI{G acLrvrtres of BrcePs lefro.rs lBIc),
o.ia,lc"p" (Quad), soleus .soI/, TioiaLls anterror
itiUt. anrre displacenent (Ant) and a.6 accelerations
(R acc, T acc) reco(ded vith subject JtC befote(_3)
and du.ing the spacetllght (days 2 and 7)'

dynanic stabilization of the body in
erect position. During the v,eightless
state, before voluntary arm movenent, the
initial vigourous Biceps femoris activity
i{as always present on the second day
inflight, but was extremeLy reduced on
the seventh day inflight. The most stri-
king observation is related to the
presence of a short disactivation period
in Ti.biaLis all along the fIight. On the
second day this desactivation appeared
during a short period of tine just after
the initiation of the arm movenent. On
the seventh day it took Place before the
arm novement. conParatively to the Pre-
flight tes ts, the ampl i tude of the
backtard sriay of the ankle following the
raising movenent of the hand was similar
(fi9. 2). During the post-fIight tests
the sane pattern of EUG act iv i ty as in
pre-fIight tests was observed. The pro-
file and the amplitude of the ankle nove-
nent t ere al.so identical-'

Based on cinematograPhic data, the
initial postures and trajectories of body
seg ment s were r econs t r uc ted. Such
recontruction is depicted on figure 3

when subject JLc Performeal an arm
novement before, and during the flight.
The most interesting observation i.s that
the initiat posture of the suject was

The Physiologist, vol. 26, No.6, Suppl.' 1983 s-87
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Rise-not-hold

Soldus

Tibialis

greatly forward inclined on the second
alay inf1i9ht. on the third day inflight,
the initial posture of the subject is
c Iose Iy similar to the terrestrial
posture. During the arn elevation, it
could be noted sini.lar displacements of
the whole kinematic chain before and
dur in9 the f l- ight.

2) Voluntary t iptoe in9.
It has been studied by Lipshits et

a1. (198I) (6) the tenporal characteristics
of che anticipatory activity of the
postural nuscles preceding the rapid
elevation on the toes from the standing
position. First, they observeal an
inhibition of the spontaneous activity of
the soleus following by a burst of
activity in Tibialis which continued as
far as the subject remained on the toes
(fi9. 4, r i se-anil-hol-d). Itowever, if the
subject returned immediately to the
initial position. the anticipatory
activity of the Tibialis iras absent (fi9.
4. rise-not-hold). The authors have
proposed that the functional role of tbe
anticipatory activity of the Tibialis is
to cause dispLacenents of the center of

.r rlfffirfr
EI9ur. 3 r leconstructicn ot rhe posru!. of subj€cr
Jr,c dur1n9 vol!nt.ry .rtr €levation before (-3) and
durlns tb. sp.cetlight (d.y6 2 and l).

3
r3

3-3

*l

,e",l

2

ac
,3

t
il-
It-^
tL--,,
,.1 r,

Pigure 5 ! EliG activity of
unvolunt.!y fo! eard bodY
b. tor! (-3), alqrin9 (alay3
3p.c.lIi9ht (+l) .

Tibialis

2 and 3)
in Eubject JLc
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Figu!e 'l . E G actlviti€5 of soleu3 and ribialis
durinq voluntary tlptoeing in aubject JLc berore (-3),
during (day 3) .nd aftet th€ 6Pacet!i9ht (]3).

gravity into a new staticaLl-y stable
position. The sane experinent performed
in i{eightlessness sholrs sinilar results
as depicted in fi9. 4 for subject JLC
tested 3 days before, on the thiral day
inflight and 3 days after the flight.
Indeed, the sequence of the notor
patterns during voluntary tiptoeing was
cl-early pr eser ved.

3) Unvoluntary body novement.
The brisk forward displacenent of

the platform on vrhich subject stood
erect, inducing a stretch reflex of the
ankle flexor muscle (Tibialis anterior).
was an interessant way to study the
functional muscle stretch reaction of
subject placed in weightlessness. In lhis
s i tuat ion, tbe d i splacemen t of the
platforn induces a burst of activity in

Rise-and-hold

{ftifnnr
,lll



DISCUSS ION
These results shot that subiect

placed in weightlessness could maintained
an erect posture when they performed
varioug movements. In contrast to the
grounal-based situation, the erect posture
can be maintainetl prinarily due to the
predominant contraction of leg anterior
surface muscles' This could be explained
by the fact that the rest lrosition of the
ankle joint is a plantarflexion. So, the
forwaral inclination of the subject
(dorsiflexion) needs an imPortant tonic
activity in the ankle flexor muscle. fhis
interpretation is in good agreenent with
our results showing a more important
tonic activity of Tibialis anterior at
the beginning of the flight when subject
was largely forlrard incl i ned.

The findings are indicative of two
types of adaptation of the centraL
p(ogram of posture regulation to
weightlessness : a fas t adaPtation
stressed by a redistribution of motor
commantls between ankle flexors and
extensors, and a slow adaPtation
characterizeal by the disappearance of
anticipatory activation of Biceps fenoris
and the quantitative changes in EMG
postural conponents seen on mission day
7.

The forward inctination and the
respective position of body segments
would be the sign of a Persistent
terrestr ial attitude. This result
together with the fact that the notor
patterns inaluceal bY arm and bodY
movements were sinilar to those observed

Tibialis occurj.ng 100 to 120 ms after the
backward sway of the ankle joint. This
phasic activlty 'ras well reproductible on
aarth as shown by figure 5 $,ith subject
JLC, 3 days before the flight. In
weiqhtlessness, we observed sinil-ar res-
ponses at the beginning of the session,
and a gradual decrease of the amplitude
of the burst after three trials. PinaIly
the amplitude of the resPonse r,as stabi-
lized to about 40t of its initiaL value
ti 1I the th ird day of the fl igh t. such
result could be related to the less
amount of inhibitory influence of the
otolitic system upon Postural flexor
muscles.

on earth support the hypothesis that the
control system underlying the stability
of the posture is highIy conservative. To
adapE the motor strateg ies to a new
environment such as neightlessness the
control system rrould be based on a
terrestr iaI body scheme (7).
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SLEEP.VAKE RESPONSES OF SQUIRREL MONKEYS EXPOSED TO HYPERDYNAMIC ENVIRONMENTS

Charles q. Fuller

Division oJ Biomedical Sciences, University of California, Riverside, CA 92j21

This study examines the sleep.espo.6es ol primates
to acute 3 G_ environments. To investiqate this question,
loosely-restr6ined squirrel 'nonkeys were exposed to 70
minutes of 1 G- durlng the day. The animals, behavioral
state \,r'as polylraphically monitored (EEC, EVC, EOC)
alon8 with video and deep body temperature. During the
c.ontrol Deriod, animals exhibited slow wave sleep aSWS)
napping behavior. SVS occurred during approximately
20% of the control period. Body ti.nperature was
maintained at lE.7"C. At 3 C , SWS was inhibited for t
minutes, afte. which SVS occfnred at levels t0c5 lower
than in rhe control period. During the post-centrifugation
period, SWS was elevated abo!€ th€ control (rO%-) and
hyperdynamic^ (100$) Ievels. Body temperature was
depressed l.J"C when the animals were at 'l G_. Thus,
hyperdynamic eflvironments are caF,able o( m'odifying
primate sleep behavior, at least as a result of acut;
exposure. Further, the increased arorEal in the
hyperdynamic environment is cor.elated with a lower
body ternf,erature. This negative correlation differs lrom
the normal positive correlation oJ arousal and body
temperatule.

Animals demonstrate a variety ol physiological and
behavioral changes as a result of acr.rte exfsure to
hyperdynamic environrnents. itch changes in rats and
monkeys include a signilicant depression of body
temperature in excess of I"C when these animals are
expced to 2 C- fiel6 (1,2,3). However, in the earth
Sravity environrn'ent, body ternperature decreasei of this
magnitude are highly correlated with changes in the
arousal state of the anima.l (4). Secifically, a fall in body
temperature is associated with sleep, Further, at 2 C_ we
hatr'e previously reported apparent changes in the sfeep-
wake behavior oI animals monitored bv direct video
observation (2). The purpose of this study was to
polySraphically deline the behavioral state ol squirrel
monkeys acutely exposed to I Gz lields for 70 minutes.

_ .For sleep recording, the electroencephalogram
(EEC), the electromyogram (El\rC) and electrooculogram
(EOG) were recorded continuously in six chroniially
prepared animals. Core body temperatue was reclrded
vith a thermistor inserted 6 crn past the anus and tap€d
to the base of the tail. In solne anima.ls, the tail skin
temperature was also monitored by securing a thermistor
to the surface of th€ tail. At the end ot the experiment
the polygrapNc data was scored at J0 sec interva.ls in the
normal lashion, Body and tail tempratues were
dlSitized in I min intervals. Plots and statistical averages
were computer generated.

data wcre collected f.om 6 expe.imcntal subiects
weiShing 900 to ll00 grams. Each anima.l was expGed
to the field once. The hyperdynamic environment was
produced via centrilugation on an t8 foot damete.
c€ntrifuSe.

Durint the control period the animals exhibited
two separate behavioral states. Awake animals showed a
low amplitude desynchronized EEC pattern concomitant
with a high arnplitude EtlC showing bursts oJ activity
(which were correlated with video ironitored activityi,
and an EOC consisting ol la.ge amplitude eye
molements. The naplike behavior during the pre-
cenirilugation phase consisted solely of Slow Wave Sieep(SwS). The EEG was synchronized and of larse
amplitude. The EVG showed a reduction in amplituie
with a l6s of bursts of acriviry. Finally the EOG ihowed
a tendency for slow rolling activity with the absence of
larBe amplitude transient eye mo\€ments. This sleep
pattern was similar to the stage I and stage II slow wave
sleep patterns seen in hrrnam. At no time during these
day-time experiments was Rapid Eye Vovoneni sleee
observed in these animals.
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The experimenta.l lrotocols were pertormed in the
mid-afternoon. The protocol consisted of a 70 min pre-
centrilugation period, followed by a 70 min hyperdynamic
enviroffnent and a 70 min post-centrifugation period. The

lhrl,,ll
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Figure l. The responses of an anima.l to a I G
hyp€rdynamic envi.onment. Plotted are the coloniE(T-) and tait (Tr.) temp.rattres PC) an<t the pcrceni
Slo=i Vave Slecp iEr minute. The time of the I G field
is indicated by the hatched area at the top of tf,. fig*".



Fi8ure I is a plot of the respons6 of a sin8le animal
to this experimental protocol. The top panel shows the
colonic temperature (T--) response of this animal. The
middle panel shows the lil skin teinperature (T,.) and the
bottom'panel shows the percent Slow vave Sleetp"obserwd
durinS each minute interval. As can be seen, durinS the
pae-centrifugation phase the two temperatures were
regulated at relatively stable levels while the animal
showed an averaSe of approximately 30% SwS. During
the centrilu8ation phase, the body temperature fell over
l"C while the tail temDerature showed a transient
increase in excess of loi. sws was totally inhibited
during ttle first l0 minutes of centrifugation and only
appeared transiently throuShout the rest of the
centrifugation phase. During the post-centrifu8ation
phase the body temperature began to rise towards the
control level while the skin tefiperature was depressed
below control levels. SVS was elevated above the control
leyel. Tht6, during centrifugation there was an increase
in heat loss which was concomitant with a Iall in body
temperature and an increased a.ol.6a.l of the animal. The
mean fall in bodv ternoerature of a.ll six anima.ls was
t.'oC. During th; post-c€ntrifugation Phase there was a
recovery of My ternperature with a reduction in heat
Io6s and an inctease in the amount o{ SWS present over
control levels.

Two lindinSs are evident frorn these data. First,
the sleeo resDor6e oI these Dri'nates is related to the
intensitv of the hyperdvnarilic environment, with an
increase in a.o6al in this environment. Second' this
aroLsal respo,lse is correlated with a lower body
temperature. During the post-centrifu8ation phase a
corollary response is oboerved. That is, there is an

elevation in body te{flperature occurring simultaneously
'rr'ith increared SvS in these animals.

Over the last 2, years man has becorne
increasingly conc€aned with the response of humans to
both hyperdynamic and hypodynamic mvironments as a
result of spacetlight and other practical concerrE.
ChanSes in fluid colunn pressures' dynamic loadint of
bones and muscles, Browthr hormonal and neLrological
chan8cs, all have led to studies examinin8 practical
aspects of changes in this Sravitational vector.
However, gravity is a.lso a siSnilicant co.nponent of our
environment which has been trnchanging th.oughout our
evolutionary developrnent' As a result' changes in this
parameter often produce unique and conllicting
physiolo8ical responses. Th6' Sravity becomes a useful
and powerlul tool in studying physiological resporses.

The well-docunented fall in body ternperature
occurs as a result of a siSnilicant inqease in heat lo6s

and a small decrease in heat production. This is a
paradoxical response since body ternperature' indudinS
hypothalamic ternperature, is falting as a result of these
peripheral chan8es in heat content. Normally, such a
lall in te{nperature would Produce a drive to decrease
heat loss and in6ease heat Production to eleYate the
body tcmperature back to normal. TNs resPorEe may
result trom an impairment of the thermo.eSulato.y
system since these homeotherms cannot maintain My
ternperature when thermallv stressed in the
hyperdynamic environment ( I).

This study also produced opposing physiological
responses. The increased arosal of the anima.ls should
lead to a hyperthermic if not normothermic condition.
Since there is a dissociation between the arousal state
and the fa.ll in body teynperature one could speculate
that the couplint between these two physiological
systems is not ab6olute. Further work is required to
elucidate the mechanisms behind these responses. The
hyperdynamic environment will be a useJul tool in this
regard.

FiSure 2 shows the average sleep response ol all 6

animals exp6ed to the 3 G- hyperdynamic fields and is
plotted as percent SVS pef ! .ninute interval (mean *
S.EJ. During the control phase of the experiment, the
animals demonst.ated 21.2 + 2.1% SwS durinB the 70

minute control period. Vith the onset of centritutation'
at 3 C- the animals showed a significant redrjction (p .
.Ot) in fhe amount of SvS durin8 centrirugation, with the
percent SVS decreasing to 12., + 1.5%. Further, there
was an initial inhibition o{ sleep at the orset of
centrifutation and a slow increase in the amount of sleep
activity to a maximum level late in the centrifugation
period. During the post-centrifugation phate th€re was an
immediate increase in the amount of slow wave sleep to
an average oI 32.0 1 l.ffi for , minutes. This level was
significa;tly elevate? over the control level (p < .01).
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CLUCOCORTICOID SENSITIVTTY, DISUSE, AND TI{E
REGUIATION OF MUSCIJ MASS

Richard R. Alrnon, and Debra C. DuBois

State University of New Yolk at Buffalo
Buffalo, New Yolk 14260, USA

Glucocorticoids have a net catabolic
effect on skeletal muscle. ff the ci.rculating
concenttation of these hornones is increased,
the body nusculature is placed in a negative
nitrogen balance and loss of muscle mass occurs.
llo!,ever, if the receptor hechanish is goverDed
by the 1aw of ltlass action then the same process
could occur by increasing the concentration of
glucocortlcoid receptor sites in a muscle. In
this case a mrrscle rroulal atrophy because j.t is
hypersensitive to normal circulatj,ng concentra-
tions of the hormone. Data has tteen developed
in this labolatory suggestj.ng that atrophy of a
luscLe such as occurs fo11oring i-rnrllobilization
llay be caused by the affected muscles becoming
hlrpersensitive to nornal, concontlations of glu-
cocorticoids. Recently a neu non-ihvasive in-
mobilizatio[ procedure for use on snall rodents
has been devel,oped. The procedure involves en-
casing the hind 1eg j.n liqht-',reight, hiqh-
strength plastic. Studies enploying this
Procedure are in progress.

IiHY DOES HUSCIE NEED TO WORK?

A unique characteristic of skeletal huscle is
the hi"gh degree of plasticity expressed in its
protein hass, ffii.s ptasticity, Iike that of the
lj.pid mass of fat celts, is related to its fuDda-
rnental role in general body energy metabolism. In
maftnals, forty to fifty percent of total Lrody
protein is naintained in the musculatule. This
protein, through the glucose-alanine cycle, is
available for gluconeogenesis in the lj.ver. Systen-
ic demanal on the plotein nass of the musculature
varies as a function of factors such as age,
nutlition, and stress, Conversely, individual
notor units have thei! own unique requirenents for
rnaintaining or expanding their protein mass which
is detenrined by such factors as fiber-tlDe and
use. A reasonable postulate is that rnechanishs
must exlst to distribute generaL systehic denands
on the protein mass of the entire musculature
according to the unique demands of indi.vidual motor
units.

Hormones mediate the general metabolj.c !ela-
tionship betpeen the body and its trrusculature,
InsuLin n€diates the deposition of nitlogen and
carbon in the musculature whereas glucocorticoids
nediate their withdraral. Insulin is present in
circulation primarily in thc post-plandial

conilition. On the other hand, glucocorticoids are
continuously present and respond to syst€mic
condj.tions *ithin the context of a conplex diurnal
pattern. Factors such as age, nutrition arrd stless
ihpact the charactetistics of thj.s pattern.

Mechanical actj.vj.ty is central to expr.essing
the unique denands of individual notor units. Used
nuscles show a net increase in protein mass lrhile
unused huscles show a net 1oss.

By what mechanj,sn can the general denands of
the systen be coordinated with the uni.que require-
ments of individual- motor units to provide optimEn
nitrogen distlibution in the body? Several years
ago, we observed that both imobilized (1) and
denervated (2) muscles have an increased concentra-
tion of cytosolic glucocorticoid receptor sites.
In the case of denervation, the increase lras ob-
served to occu! very sooh following nelve section
qnd prior to any loss i,n Inuscle mass. It has been
known for many years that increasing the circufa-
ting concentration of glucocortlcoids causes a
severe atrophy of the body musculature. If one
assumes that mass actj.on regulates the glucocolti-
coid receptor systen, then a simple nechanism for
the atrophy of an indivi.duat m\rscle (such as occurs
uith disuse) iroulal be a Cushings-like atrophy
mediated by an increased receptor concentration
lather than by an increased hornone coIlcentration.
In addition, since the glucocorticoid influence on
skefetal rnuscle is a net withdra*a1 of nitrogen, a
mechanism of use-regulated glucocorticoid sensitiv-
ity would lead to the optirnun distribution of body
nitrogen thloughout the muscufature. Such a
mechanism lrould proviale for th€ relati.ve denanals of
indlvidual rnotor units within the context of
systemic requiretnents. Highly used muscles would
be Iess sensitive to circulating glucocorticoids
and contribute less to the glucose-alanine cycle
Bh€reas lesser used huscles would be more sensi.tive
and contribute ,nore, The resuft grould be a mechan-
isrn of distlibuting and redistributing protein
throughout th6 musculature based on lelative need.

In addition to observations on ifinobilized and
denervated musc]e, we have exarnj.ned 6evera] other
attophy coDditions of nuscle. The levator-anl
ftuscre is an anatrogen dependent ,"sclEifitcfr'-
atlophies following castratj.on. we observed in our
studies of this rnuscLe in 6du]t tnale rats tbat
innnediately following castration and plior to any
loss in Ituscle mass there is an increase in the
cytosolic concentration of glucocorticoid receptor
sites. l,le observed sinilarly consistent results
in oura studies on dystrophic muscle. A coftion
feature of virtually all dystrophies whether they
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te an aniral lrodel or one of the hr.stlan conditions
is the chronic loss of muscLo rnass. In our studi,es
of both the chicken (3) and the mouse nodels ,e
have observed tlrat the dorrn-legulation in the
concentration of glucocolticoid recepto! sites
hich occurs with maturation in the nusculature of

nortrEl- animaLs is substantiaLly i-npeded. I'hus the
dystlophic ani.roals naintain in their musculature
abnormally high concentrations of glucocorticoid
recePto! sites. ttds observation is consistent
wj.th ou! initial hl'pothesis in that in Ehe dys-
trophi6s there is a chronic loss of protein flom
the rnusculature which exceeds the denBnd of the
systen fo, substrates fo! gluconeogenesis and is
accentuated by stress. In this respect thele are
c€ltain palallels between the dy6trophies and the
situation existing in Duscle disuse such as occurs
und6r Low gravity. In a $eightless envilorunent
there is a chronic wj-thdraral of plotein mass from
the body musculatuie which exceeds systemj,c alemana.
this lrithdrawal j.s disproportionately f,ocused on
the lrore tonic (postural) nuscles. Itat result ls
of particular interest since postural lluscles are
usually the least sensitive to the Cushings-like
atrophy caused by increased concentrations of
circulating glucoc_orticoids.

In situatlons of relatively stable nuscle mass
(eg. norrlal aduLt), more tonlc red fj.ber muscles
have both higher rates of protein turnover and
higher cytosolic concentration of glucocorticoid
receptor sltes. Essentially, nrore tonic muscles
are balancing a higher rate of protein degradatsion
,ith a high€r rate of protein synthesis. we have
exa.ltined the relationship between protein synthesis
protein degraal,atsion and gl,ucocortlcor.d receptor
concentration in a large nudber of conditions of
firuscle. In all cases, the rate of protein de-
gradation and the cytosolic receptor clncentration
co-vary, but the rate of slmthesis is independent.

Since high rates of protein degradation do
not necessarily indicate atrophy, the question
focuses on detemining rrhat factors regulate the
balance betieen stmthesis anal degradation. Ib
analyse the mechanism by whlch slmthesis and de-
graalation rates are balanced, tle have developed a
new non-invasive Eethod of hind limb i-!fiobilization
for rats. Ttis method allows ifinobilization for
various dulations and later renobilization. It
involves the use of precut pattems for forming a
cast of a plastlc-li.ke material (Scotchcast, 3u
Co.). fhe EateriaL is lightweight, less than loi
of the weight of a simila! plaster cast, and is
conpletely re€istant to gnawing by the anifials.

TAALE I UUSCI,E IIEIGTAS (I CINIRAIATERA], CoNIROL)
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Although we have developed several cast forns which
dilect stretch to different nuscles of the leg, the
rnost extensj,ve work has been completed on a form
which affects approximately a right-angle innobil-
ization of the ankle (Figure l). ltis procedure
has been carried out on 3O0-40O rats. As indicated
in TabLe I the effect on the sLon fib€r soleus and
fast fi.ber extensor digj.torun lonqus is very similar
to that which is observed as a result of $reightless_
ness. The plocedure which has been developed
appears to provide a good model system for the
study of disuse atrophy and recovery from disuse.

In sufiiary, we have developed a hlpothesis
based on extensive analysis of several condltions
of muscle atrophy: Glucocorticoid sensi.tivity of
a muscle is a regulated characteristic and mechan-
ical r,ork is a major force in this regufatj.on,
Therefole, the !,eightless envirodnent substantially
renoves this force especially from tonic muscles
and Bay produce a condltion of glucocorticoid
hypersensitivity throughout the body musculature.

tr



THE Ea!ECT OF rllllOEfLIZATIOrr' ON THI RAT 'S BONE

Szilagyi, ri. Ilapcsak, +.(. szi;6r, ++I. !'61des
and +++J. Gyarmati r jr.

fns t i tute
+r fnstitute

INTRODUCTION
It has long been known from clinice]

observations that a state of inactivity
/as staying long in bed or bone fractures/
leads to the development of osteoporosj.s.
However, j-t has become recently known that
weightlessness o-f astronauts leads to os-
teoporosis, too /l/. Immobilization proved
to be a proper experimental modeL ol osteo-
polosis induced by inactivity. This can be
produced in different ways,for example, by
denervation o-r by external /plaster cast/
o! internal /ligaments,/ fixation. We chose
plaster cast to produce immobilization in
order to gaj.n data about the pathomecha-
nism ol osteoporosi s.
MNTHODS

In the experiments 1, t/istar female
rats were used, weighing about 250 g.
12 of them were anaesthetized by ether
and their right hindlimb lras immobllized
by plaster cast. Their left hindlimb asyrell as that of, intact animals uere used
as controls. Rat rilere fed a standard diet.
The animals were then kiUed by bleeding
8 veeks after plastering and their fenurs,
namely their lengtb, periosteal and en-
dosteal diameter in x-ray pictures were
determined and on their basis a so called
bone index was calculated. The density of
bones studied by Zeiss densitometer by
scanning according to the method of
Gyarmati /2/. - 5-7 rr$ thick sections of
tibia were stained b'y the inethod of Gotd-
Der, or haenotoxylin-chromotrope method.
The calcifj.cati.on was demonstrated by
Nossa rceaction.

oI Pathophysiolo&y, +Institute of physj-ologf,
ol Inatony, +++Radi ologic el. Clinic, Uni.versity
l,ledicaI School, Debrecen r Hungarey

RESULIS AND DISCUSSION
We summarize the results of morphomet-

rj.cal ,/Table I.,/ and densitometrj-caL mea-
surements /'lable II./. The reduction of
nineralized bone substance was quantitati-
vely proved. fn the niddle third of the
bone, both the periosteal and endosteal
diameters are significantly less though
the reduction in the latter is less express-
ed. The thickness of compact bone shows a
Ioss of ,@ ol r.ts mass. Measurenents at
the level of distal metaphysis j.ndj.cate a
sigrificant reduction of the nulber of
trabeculae and along wj-th that the mineral
content uas reduced, too.

Compared to the control the proxinat
epj.physeal cartilage of the tibia of i.mmo-
bilized aninals r moderately broadened pri-
marily by the thickness of maturing, hJper-
trophic zone. Vascularization and the
nunber of cartilaginious cores decreased
significantly in the netaphysis of plaster-
ed extremities, and osteoblasts were haId1y
detectable /F\C. 1.a/. AIl these phenonena
indicate retardation in bone fornati.on.
Osteoclasts can be seen in the corticaL
bone localized subperlosteally in the How-
shj-p's lacunae /Ftg. l.b/. Capsules of os-
teocytes are broadened and cell-s becone
rich in process, this indicates resorbing
activity of bone cells on the glround
substancer that is osteocytic osteolysis
/Fig. 2/. As a consequence there is a for-
mation ol fibrotic tissue.

Several questions can be raj.sed having
to do wj.th the osteoporosis developnent
under inmobili zati-on. Klein et al. /1/

TABLX I. Morphometrical analysls of femur

D-d D-d
D

2 2 2 2
D -d D -d

u-cLGroup L D d 7--Dr
Imnobili zed

n=5 1
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o

2.49
o.16

4
oo4

o
o

1
o

,o.2
1.2

07
o6

6.5'
o.68

046 ,t.
1. 98

Control x
.rSD

aa.d+ 4.2O'o.50 0.09 o. 12 a -72
54 -4' ).81

o
o3:21' 2-A

o5B
o05
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I = length; D = peliosteal dianeter; d = endosteal diameter
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TABLE 1I. Densitometrical analysis of lemur

Corticaf bone Spongious bone

Group Thickness of umber of +

tt*, compact bone trabeculae P

Immobili zed
iS

o.r4
o.o15

i
D

2.9
o.2

tr.a
2,O

a .a17
0.006

Control
n=5

x
+SD

22.8
1.4

a.o5,
o. oo,

= relative density of unit compacta laye!i u+ = relative density of single trabecula

2.?
o.2

o.r9
o -o19

ll
I

Pie.2.
arived at the conclusi-on that an increase
ol resorpti.on results primarily in the re-
duction of bone mass. This ca! be reinforc-
ed also on the basis ol ou.r results, vith
accomptishrnent that osteoblasts can be hard-
lv seen in the histological sections, which
i;dicate retardation of bone for'mation as
we1l. Several experiments enphasize the

?.o
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siBnificarce of the parathyroi.ds. After the
rernoval of parathyroi.d glands in dogs /4/
no osteoporosis developed after immobiLiza-
tion, which observation is supported by
the exper.iment caffied out on rats by
Conawav et aI. /5/. The question of the
laII oi mechanical stimuli has also been
raised. These effects are important in
sustainxoent and rebuilding of the bones
/6, 7/. Redtction of stimuli leads to the
d.ecrease of lebuilding of the bones as well
as to an increase of its resorption. As a
consequence, the bone mass reduces. The
decrease of the mechanical stimuli nay
cause impalrment of the blood supply which
leads to 1oca1 changes in metabolism' and
as a result, hormonal sensitivity of bone
cells alters.
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EI'IECT OF PI{YSOSTIGUTNE ON T I{OsTITZED RAT TONIC AND
TETANIC SKE],NTAI MUSCIES

I. szo6r, M. Rapcsdkt

Instltute of Physiology and PBthophyeiology+, Medical
University, H-4012 Debrecen P. 0.Box 22,fnrngary

preparated as described by Szii6r et a1.(7). Ene newly excised coutrol uuscles and
those lnmobilized for 28 days were ettaclts
ed to rods c o:"I:e sp onaling to their origineJ-
length and the nyofibrillar membraEe was
exposed to osmotic shock. The preparations
nade in this wsy are available for use as
early as after 48 hf'. They mainteined.
their contractile properties fqr 4-6 weeks
stored in 5M glycerine at -2O" C. The
contrection of the fibres 0.25-O.4 rq in
diameter was elicited by 5 mU ATP-Caz+.
T'lxe isometric tension was recorded througb
a signal-c onverter. tr4yofi.brlIs were iso-
lated acco"ding to the nethod of lakdcs et
eI. (8).Changes in turbiality due to 1.1!
nM ATP were detemi.ned spectrophot onetri-
ca11y in 1 cm cuvettes at 650 nn under
continuous stirring following the method
of Ebashi (9 ). c-

Wof ibrilla]' Ca' ' -ATPase were det emlned
according to the procedu"e described by
?erry and Grey (10).
RESUIJTS

The de8ree of speed of contractio!. Tras
significantly enhanced by physostigoine in
both tapes of rnussle.

- 
.lr, J . ?sr,

aC r O.cr o, ,!€qnJr o Oiaa hdd m.dG dt 6 E[

tr'o11owing 24 days of tumobilization the
ATP-j.[duced tension to 50% in aoleus musc]e
and in the case of EDL to )O%. An eyen
greater d.ecrease was obseryed in the

s-%

The reactions of light neromyosin
(LMM) (with specific antibodies and cholin-
esterase inhititors) result a transforma-
tional change of myosin molecula, enhance
the actin-nyosin interaction and lncrease
the degree and epeed of muscular cont?ac-
tion, on the other hand, they inhibit re-
laxation (1).Such effect was shown by pl$,-
sostigmine which, as a cholinestersse in-
hibitor enters, in ol.E assumption, into
reaction 1.dth lMM. Sinultaneously with our
findings Horigome and Yamashita obser.ved
(2) that the nodification by N-ethyhale-
ilnide (NEM) of the SH Broups localized in
I,tr{M results in an effect similar to thet
of physostignine.

I! our previous space biological ex-
perlments (3, 4) it was established that
under the lnfluence of weightlessness it
1s prinarily the soleus nuscle th.at suf-
fers loss in weight, its nyosin is trans-
f omed and takes up properties charecter-
estic of the fast [rusc1e. We pointed out
a similar phenonenon (5) in the case of
rats kept j.n plaster cast ins:oobilizat i on.
We rrj-shed to clear up the molecular mech-
anism of this phenonenon ln nodel experi-
ments with glycerinated fi.ble pneparatisis
and by superprecipitati.on. We studied ]vhat
the physostigndne sensitivity of the two
tJrpes of nusclea was like wheD no treat-
ment was applied, and how it changed foI-
lowj,ng i-mtrobilization.
METHODS

Fenale albino rats ( Ebimys norvegicus
ver albino, Ctr'Y strain) weighing 23O-25O e
were used throughout. The right hind Ii.lrbs
of tbe anfunals were fixed in a mildly
flexed positio!. accord.ing to Sooth and
Xelso (5) under full enaestesion with
peatobarbitore sodirur (50 nal1oo g body
weight ) .

For our experimenta, the extensor di-
gitorun lonEus (EDI) muscles were used to
represent the fast (tetanic) muscles and
the n.soleus to represent the slov{ (tonic)
nuscles. the co[tralatexal ltruscles were
useal as c ontrols.

The total y{ater content in muscle was
obtained by dryinA 80-L00 ng uuscle to
constant weiaht at 1o5" C,

Ihe glycerj.nated muscle fibres were



contractile ve].oclty of the muscles. In
irmobilized muscles the contraction en-
hancing and velocity-increesing effect of
phys ost i8mine was not obseryed,

(.=9)
dr,r rrys

(n.9)(n:f,)) (n.!)

gI r 0,15 0;a!0,13 0gr:0X0 016!0IB

,n EU-
0,€!0l! O:h.OY 0,31:0,15 0.51:0r(

- 

.78.t.

Fg- Elt d d ,rE !$qrir cn gtf(id lEoi.d nndd,ad msol4ti oE ln EII

royosiD interaction. fhe decreese in the
physostiSmine aensitivity ol ttre damaged
nyosin molecule also shows that norrnal
contraction ca.nnot be restored even by
such factor as e.8. physostigmine treat-
Eent, which evoked enhancinB and acseler-
ating effect in the control experiments,
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According to ou" earlier experinents
physostigxLlne accelevates superprgcipite-
tion f oI1 ow-in8 clearing at high K' con-
centration.

The superprecip j-tation of the control
actomyosin develops only 58 mln after
clearing un+er the influence of 1 nM ATP,
whereas 1O-+ I'tr physostignine induces swle
precipltation nuch ea"lier, i.e. in the
43rd nin,

I'be degree and velocity of superpxeci-
pitation conside?ab1y decreases during tu!-
nobilization, and physcstigmj"ne effect ob-
served in the control muscles is also
narkedly decreased.One of the causes can
be related to changes in A?Pase activity,

tr'o11owj-ng irmobilization there ia con-
siderable decresse in the activity of both

0
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PREVEIITION OF I.4ETABOLIC ALTERATIONS CAUSED BY SUSPENSION HYPOKINESIA IN tEG I4USCLES OF RATS

Marc E. Tischler, Stephen R- Jaspers and Ju'lie i1. Fagan

Dept. of Biochemistry, Univ, of Ar,izona, Tucson AZ 85724

ABSTRACT

Rats were subjected to ta'il-cast suspension
hypokinesia for 6 days with one leg imrDb.ilized in
dorsal flexion by casting. Control animals were
also tail-casted. The soleus, gastrocnemi us and
plantaris musc'les of uncasted hypokinetic legs were
smaller than contro'l muscles. Dorsal flexion pre-
vented atrophy of these muscies and caused the
soleus to hypertrophy. The anterior muscles were
unaffected by hypokinesia. The smaller size of the
soleus of the uncasted leg relative to the dorsal
flexed and weight bearing limbs correlated with
slower protein synthesis and faster proteolysis.
|ie a'lso measured the capacity of this muscle to
synthesize g'lutamine (91n), which carries nitro-
genous riaste from muscle. Although tissue homo-
genates showed h'igher activities of gln synthetase,
the rate of de novo synthesis was not altered in
intact muscle but the tissue ratio of gln/giutamate
was decreased. Glutamate and ATP were not limiting
for gln synthesis but availability of amonia may
be a ljmiting factor for this process in hypoki-
nesla.

casted but allowed to walk on all four limbs. A

second group was hypokinetic with no load bearing
of the hindlinb, The third group ras a'lso hypo-
kinetic but w'ith one leg free moving and the con-
tralateral leg casted in a dorsal flexed posit'ion
to stretch the posterjor muscles and shorten the
anterior nuscles. Muscle incubations (4), protejn
turnover (5), glutamine assays (6) and measurement
of glutamine synthetase (7) were carried out as
described previously. Data were col lected for 5-15
ani mal s per group.

RESULTS AND DISCUSSION

over the six day
the addi ti onal s
s ul ted in no wei

s of iflnobilizing one limb re-
gain prior to day 2 and a slow-

and uncasted hypokinetic
a steady and similar rate

the experiment. In contrast,

Both the control
rats gained wei ght at

nonnal thereafter. Therefore,
is additional stress in the leg
fect the response of posterior

sof
t res
ght
han
rth
t af

ain t
hethe

mi gh

INTROOUCTION
[e have been studying the netabo'lic response

of skeletal muscle to decreased load bearing of the
hindlimb and have reported previously (l) that the
size of the soleus nuscle is reduced considerably
after 6 days, but no effect on the size of the ex-
tensor digitorum longus is evident at that time.
one of the primary concerns of such d study is how
we may prevent or at least offset partia'lly the
atrophy and attendant metabolic changes in 'leg

nuscles of hypokinetic rats. Several studies (2,3)
have shown that passive stretch of musc'le can 'lead

to hypertrophy and decreased protein turnover.
Therefore, we tested whether such treatment night
be beneficia'l in the hypokinetic animals.

METHOOS

Albino rats (130-170 g) bred by the Division
of Animal Resources at the University of Arizona
were suspended by a cast around the base of their
tails consisting of orthopedic gauze and n€dical
e'lastorEr. By use of a clip, the rats were attach-
ed to a pulley which allowed them complete access
to food and water, and the freedom to groom them-
selves. ln this study we used three groups of
rats. The weight-bearing control animals were tai'l

er t4eight q
we tested w

casted rats
muscl es to hypokinesia. Hypokinesia for 6 days led
to significantly lower relative weights of the sol-
eus (-261), gastrocnenius (-'l0i) and plantaris
(-9%) muscles. The respective percentage losses
for these musc'les of the free moving 'limb of the
leg casted rats were -?9%, -15% and -7U. There-
fore, the additional stress did not alter this
response. In the dorsal flexed leg, muscle stretch
prevented the effect of reduced load b€aring on the
gastrocnemius and plantaris muscles and led to a
47% increase in the mass of the soleus. For an-
terior muscles, hypokines'ia for only 6 days did not
affect the relative mass of the extensor digitorum
longus (EDL) or tibial is muscles. However, im-
Dobi'lization in a shortened position caused a snall
(4-8%) loss of nuscle mass.

To account for the changes in muscle mass, we
measured protein synthesis and degradation in the
soleus and EDL muscles. Protein synthesis was 361
lower and protein degradat'ion was 36% higher in the
atrophied soleus. It seems apparent that the lower
mass of this muscle in hypokinesia may be due to
both slo|rer rates of synthesis and faster rates of
degradation of proteins. The finding is similar
for the free moving limb of the dorsal flexed
animals, However, in the stretched soleus nuscle,
the rates of these turnover processes were not
different from nonnal values. In the EDL, hypo-
kinesia had no effect on deqradation but did de-
crease synthesis sl'ightly. ooral flexion further
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lowered this process probably due to muscle short-
en i ng.

The enhanced turnover of protein in atro-
phying muscle r€qui res the increased export of
nitrogen d€rived from the degradation of certain
amino-acids by muscle. Both a'lanine (ala) and
glutamine (gln) serve as important vehicles for
re Dvinq excess nitmgen from muscle. Therefore,
we nEasured the mtabolism of these amino acids.
The non-protein amino acid release includes amino
acid in the mdium derived from tissue poo'l losses
and de novo synthesis. In the soleus ruscle the
total release of non-protein ala and its de novo
synthesis were unaffected by hypokinesia. However'
mirscle stretch decreased these processes by 38-47X
in the soleus. ln contrast to this result for ala'
the re'lease of non-protein g'ln was 35x sloY{er in
the hypokinetic soleus muscle. Furthermore, the
incubated tissue level of gln was 43X lower. How-

ever, the tissue leve'ls of glutamate were unaffect-
ed by hypokinesia so that the ratio of gln to glut-
amate filt significantly. Str€tching the soleus
muscle of the hypokinetic animals prevented the
ihanqes in re'lease of nonprotein g'ln' the tissue
contint of gln and the muscle ratio of gln to glut-
anate.

These data suggested that the capacity of
hypokinetic soleus to synthesize gln might be
'lower. However, assays of g'lutamine synthetase
activity in muscle homogenates showed a 2-fold
areater activity than in the control musc'les.
5ince enzlme activity was higher in hypokinesia, we

considered wh€ther amnnia may have limited the re-
lease of qln by this muscle. Addition of ammnium
chloride had a similnr effect on de novo synthesis
of q'ln and the basa'l rates were similar for the tro
musales. This rcsulc is surprising since the
qr€ater activity of glutamine synthetase in hypo-
iines'ia should have produced a larger effect of
amoni a addition.

Since glutanate levels of muscle ar€ not al-
ter€d in hypokinesia, we determined whether ATP

might have limited the rateof gln synthesis. Hypo-
kinetic incubated musc'les, horever, had a 53x
greater content of ATP than control incubated mus-
cles. The tissue content of ATP in the stretched
muscle was the same as in control muscles and the
EDL showed no changes in hypokinesia. Clearly
availability of glutamate and ATP are not limiting
factors in the synthesis of gln by hypokinetic sol-
eus,
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Future investigations will consider further
the possibi'lity that the normal production of am-
fiDnia in these muscles may be 'lower. This idea is
suggested by the higher levels of adenine nuc'leo-
tides which noma'lly provide amDnia to muscle by
their deam'ination. Additional studies wi'll also
examine whether muscle str€tch nay prevent changes
of muscle function in hypokinesia,
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PLASIiiA LEVELS OF NOREPINEPHRINE, EPINEPHRII,IE AND DOPAI.IINE DURING A 4-DAY HEAO.DOI{N TILT
TII]H ANO XIIHOUT EXERCISE

J.M. Pequignoto, A. Guell*, G. Gauquelin, L. peyrino, A. B€s*, G. Annat and C. Gharib
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l,later immers ion (l,lI) and bedrest in horizontal
or head-doyn position have been proposed as experi-
mental Bodels to sirnulate the modifications obser-
ved during space flight (7, l1). Head-doxn tllt
(HDT), in particular se$rs to be the most reliabte
ground based simulation to reproduce the hemodyna-
mic alterations, This technique induces blood
volume changes yhich are very close to those obser-
ved in xeightlessness, namely a redistribution of
fluids from the loxer to the upper part of the
body. This fluid shift results in a number of
hormonal alterations intended to reduce central
hypervolemia (11, 15). Although the involvenent of
the sympath o-ad rena I system in horflonal changes
after blood volume expansion in the thorax has been
suggested (4, 13), no experimental proof is avai-
lable in bedrest investigations, except the study
of Choban ian ( I )

In the present study ye investigated in one
group of subjects the effects of HDT on plasma CA

levels. In a second group we tested the effects of
regular exercise, used as a countermeasure in asso-
ciation xith the HDT^

MAIERIAL and tlETHooS -
I healthy male vo lunteers men (24.1 ! 0.4

yr.old) participated in the study. The subjects
xere divided randonly into txo equal groups.

@tatp I : flead-d@n LiLt ui.thoui. e\e ciae
Wsremalned

supine and blood sanples (0.5 ml) rere taken at
9 an and 7 pm from one antecubital vein using an
indwel I ing catheter.

0n the second day (D1), the subjects vere
placed at 9 am in head-down position at -60 and
blood samDles were drayn at 9 (control) 9.30, 10,
l2 am,3 pm,7 pm (fis. l). Subjects remained in
the head-doxn position until the sth day at 9 am) .
Blood samples xere taken tuice a day at 9 am and
Tpmun

Gn
ti I the end of experinent (fig. 2) .

It I Head-doutn ti,tt wi,th exarciae

t1

-rlt----gm_9to 12 3
dr

7

figure I Figure 2

experi,r€ntal design, but in addition they
exercised in the supine position on a bicyle
ergometer for two l-hr periods daily at 501 of
their naximal oxygen uptake (10-11 am; 3-4 pr),
except on day Do (no exercise) and day Dl (one
exerci se : 3-4 pm).

All subjects had a nonnal hospital diet
(Na+ = 120 mrnl/d; K+ = 60 mmol/d).

Plasma CA levels rere determined according
to a radioenzymatic method (2) and the results
were analyzed by using a txo-way analysis of
variance.
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ese su ec were su o same

AESTRACT -

-Tfie 
changes in synpatho- ad rena I activity du-

ring a -6o head-down tilt xere assessed in eight
healthy men by nEdsurlng plasma norepinephrine
(NE), epinephrine (E) and dopamine (DA) by a radio-
enzynatic method. PIasna catecholamine (CA) Ievels
yere unaltered after short-term (from 30 min to
10 h) or long-term (from t to 4 days) head-doyn
tilt, and the association of regular exercise (50%
V02 max during 2 hrs/d) with the tilt did not
affect the results. These findings suggest that
synpatho- ad rena I activity is not significan y mo-
dified by head-doyn tilt at -60.

INTRODUCT IOII .



RESULTS.
-------D-ata were expressed as a percentage of control
levels as neasured during horizontal bedrest prece-
ding the head-doxn tilt.

As shorn in fig. I and 2, the plasma cA levels
Here unaltered during HDT. Head-doyn bedrest asso-
ciated vith exercise resulted in a slight but non-
significant increase in plasma NE levels at the end
of tilt (D5) but failed to alter E and DA levels.

DISCUSSION -

--XDT-elicits 
a shift of body fluids frofl the

lower to the upper part of the body, resulting im-
mediately in a transient increase in central venous
pressure (4, 11). Ihis herndynamic alteration may

be detected for only a fer hours because adaptiYe
nechanisms lead to a decrease in plasma volume and
a rel ative hypovolemia.

Endocrine alterations induced by hsnodynamic
changes associated rith HDT thus include an early
slight decrease in plasma renin activity, aldoste-
rone and antidiuretic hormone, folloved by incre-
ases in their release (5, ll, 15).

Hypothetically, from these findings, the fol-
loving changes in synpathetic nerve activity during
head-down tilt might be expected to occur successi-
vely :

1) an early decreased neural activity due to
stimulation of cardiopulmonary receptors, as sug-
gested by previous studies on sympathetic renal
nerves in exDerimental animals (14),

2) an increase in sympathetic nerve activity
possibly resulting from a reduction in intravascu-
lar volume following adaptation to HDT. Such an
increase in sympathetic nerve tone liould mediate
the above cited horrnonal changes.

The present study demonstrated that HoT failed
to change plasma CA levels and this suggested that
the activity of the sympath o-ad rena I systsn l{as not
significantly altered. Evaluating the sympatho-
adrenal activity in other experimental models simu-
lating the hemodynamic effects of zero gravity has
yielded conflicting results. Some authors failed to
observe any significant variation of plasma CA du-
ring prolonged horizontal bed rest (1), or ill (3).
Conversely, in similar situations, urinary NE

concentrations l{ere found decreased by JUCtlaES (6)
and SANoLER (13). I'lore recently, KRISHI{A (8) obser-
ved that a 4 hour head-out IJI led to a significant
decrease of plasma tlE and to an increase of plasma
DA. These opposit results are difficult to inter-
pr€t and to cfiipare, due to marked differences in
study designs, particularly choice of experimental
model and mode of evaluation of sympatho-adrenal
activity.

Dynamic exercise yas used as a countenneasure
to offset the hemodynamic effects of HoT. Muscular
york did not affect the results, except a slight
but non-significant increase in plasma t{E levels at
the end of ti lting.

In conclusion, this study demonstrates that
neither short-term nor prolonged head-doxn ti lt
altered sympatho-adrenal activity, there is appa-
rently therefore no evident relationship between
peripheral sympathetic nerve function, as assessed
by pla$ra CA measurements, and stimulation of car-
diopulnonary receptors or neuro-endocrine changes
induced by HDT.
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In t'be fast nugclee (bracbta11s m.' exten-
sor dtgitorrD longue m.) the decreaae of

ItITRoDUCTfoN tn-c content in f'n-Tn coraplex was observed'
The beterochronous t'ever6ib11ltv of fhe content of troponLn-T also changea-.

ilifferent p\rslotogtcal p*aretrEe "c,t -- After 3Q <tayg readap-tlve perlod take place
varloue tyiei ot efifetai muJcf.is-aiter the. lestoratlon of the content Yarious
gravltati-oiral orer1oad..i.g or wefiUtfis8- proteln componenta but not goEplote1y In
iees; perhape; 1s baeed ;"-th;-ffi;;;i" ifferent fpes of-nusc1e. (F18'r). rn the
ve:-o6t'ty of'r6novatton ot coafraJiiie alow and fast muscles the content of tro-
and noditatory nvoflbrillar ;";i;G;- ponyosln relncleased, Tn-T-decreases ltl
(i). Cons"qui;tE ior- qre-nn[E"iie"dLs faei anil ]eincreased 1, slow mueclee.
6f-iUe ro..ti"nlgn' tfrese pUen-orena i"-vd It 1e l:rterestlng for the explaln of.
t.Jr lsportant io c:,earrnii[;-a;;; ;i tbe lncreaelng rr such erperlrental condL-
tle licLudr.g !-n the pr6ce-ser-tf tti tlons the ug - ATP-ase basaL. actlvltJr of
aalaDtive cha.ice world.irs (actmvogln) actomyo8lr the decreqBlng of the content
ana'iEgulaiod - trJa,rrii".i-i"""t"t"iii of lnitbltolv boponin conponent -tn-r(4).
apparales of iuicle contrlcilon. ttre Ihe chan8es l! tbe p-rotefur conpoaltion
piripoae of thl8 stuily ras to deier:zrfue of Tn-Tn conplex rlluced by acceleTatloa
ihe- d.elEee and lever;lbillw ;f ch;nges ts acconpanied by the. chaag-e of anlnoacld
i" "o"Ea.tf:.E a"a 

-r.""fiioiv orotel-io cmpoaitl'on. The adaptlve cbanges lx aml-
oF two;us;1;-types-:-sroi-iird-i;;i;-- noq-cld cmposltloD-of t{." rt-TT ccmplex
after tJle actloi'of ltJape:.gravlty F1;1d. f,ere more erpreased 1n the Postur'I nus-

c1es, vaIlre and glutamLne decreased and
UEIEODS leucl-De anil pheqylalarlne lncreasetl. In

Ihe wblte latg Wlstat ware €rDoaed to the fast nuscles tbe ratlog of va11ne'te-
u""ef 

"laifoo 
- 

>Oo , ai:.ii +O rG aGfrg 2 thl_onll3e_ and pbenylalantue-hlstldlre tere
reeie and reri tiveetlLai.a "tt"" i-."[ nfuuer.. Durlng a roonth _readaptatlon perioal
jo-a-iy" ot iU" """"iit 5" ;f ;;;t"f rd: the -relatlve iontent of inapvldual amino
i1on.- Tle acceleratlon vu6to"-ii" U"Ea- acl'als recoYeled but not cornpletely. In the
-iefi of anlnale. NatLve troponyosln- case.of leucLn is o1€r+c-ln, ae!1n and ar81-
-;fi;6 "'Jrpr"i' td.:t"i i-."'iJ".,iriija nln the subsequsatlv cbanses. are observetl '
fron nwcle Ly Crdeer r. i"ic"iJ-ii)-".- TFeee results tndlcate thst tbe adaptlve
;i;;;;ta;";"l"-<nini -'ui-i8i-""tii6"I- eblfts 1n ainlnoacld c.oirpo8ltlon.are stl-
tlo,, and ca-degensitazea ,i"iilvffii,-ioeul pulated not only by cbangee ln tbe Proteln
iis preparea by the remove of tn-tre conp- conponeDts '
1er. Amlnoacld conteuts ";""4"i-";L;;: .'The ld'netlc paranetles of superprecl-
[i-irJ."iryr"tor oi lu-iEr-Ui1*iii-tu" pltatlo1 of actomyosrn ..].n s191 and f ast
c'alculatlon'of proteln 

"orp-"t 
i'" 

- 

"ot 
i.t i" 1ue91e9- c!11q9:- ?f!?",Ih:r:"tion of glavi-

io uJtroyouo, aira no-Tn .#;il;-";;";;:- tatlonst oveiloadtng ln the opposlte d1-
,1o"d or'th" SDS-gel uv tfii'"ii"i"iprrii""- rectlon3 the YelocltJr of reactl'on 

'lecrea-Ti" 
-i" i["d'- ifil- ttJ-ui,'iiJ ilil;i;; 

- aed. ln the fast and inctea8ed ln the slow
6i t[" 

""p"r-pi,ecf.pf 
tiifon of'NA[ ala DAU BuBcles. More slgnlflcaDtly chan.ee.ls ob-

wele d.eternljneat by the *"-O -Ii"Alt-t- " Belved tD the reactlon of natlve actomJro-

cal equlpment wlth the ,.e"itfJ"Itiiii;e s,,,, rhlcb rnay b6 cauoed pV the lncrea-camera' ;*g# Ifi:!.aii ?f,ir::":'f;i-:'"::h*::
FEst LTS ted th6 reactlon of superpieDclpltatlon 1n

I! our expeu$ents the tEo weeka pe- tbe presense of lor Mg -. corcenlratlon'
rlodlc accelelatlon 4 * i ii'"i""i-t" fbe Lhange-of . t-be veloclhr of Euperprecl-
aignlflcantly lncreaalrg 6f-Cr:[l"af"e pltatlon-of DAl,l ln o.'a. experr-Eents. su*-
I"f,i*"il'iii-c I 

-co"iE"i i; -th"-il-r"' teet- the appearance any a.laptlve th"-99-8
and d6cr@ses the content Tf Tif-i"3..f"- in tbe norii:utar etructure of contlactlIe
ffitti;i'ffiiir;; iil:il'i"-"iii iii"i"" protelns;.poasrble or48 to lncraase the
G;i;; i.l'reirir'ui.a'#'tiiiJp]i. i-- itght cualns content of qvoeln. such aa-
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fught.

rlls e xpe tlnont al reeulte su8Sest that
r€:rerslbIg- adaptlva chsnSgs apPoar not on-
Iy 1n Bodutatory, but 81eo ln controctllo
protelns ln BJofibrlls. .[he re ls roany
dlffercDt Dattsrra for the sd.aptlv€ changs
Itl thes3 tro proteln subatrates Ln sLow
and faat !uscl6s: Drr4ng tbe Eontb rBadep-
tatton peraod th6 coBplete reBtoratlon of
orotelJ B!nrctur€s and furction ts rot ob-
Lerved. lor the underaEandlng of the !le-
char'r! m of dlfferent reactloa sLov ard
faat lru8cle le verlr lnPort atrt the fact
that ln fagt mrscl3 the changes in regula-
tory fE-.[rt conplar are lege narked.
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The effect of hJrpokinesis and hJrpoxia on the contractileploperties of muscles with different functiqts in rats

M. Rapcs6k, J. Hideg+, A. Pozs8al+i
x. T6th+, [. sz66r++

fnstitute of Pathophysi-o1ory and Institute of physiolo8y++
University Medical School, Debrecen, ROVKI+ Kecskem6i'

H-4012 Debrecen p.O.Box 22, Hur€ary
As. shown by experience j-n spaceflight above seileirel. The foulth group was sub_during the last two decades' as a resurt jected. to a combined treatmeit: the ani-of weiBhtlessness, in the sense-orBans, in als were kept in continuous hypokinesisthe circulatoryr bone and muscular systems till the 4th; Btrh a"a i2irr-re"[i, a11d si_there occu.r such functional physj-o1o8ica1 milarly to gioup l, $eii 

-given- 
htpoxic

changes that i.nfluence the physical work- treatm-ent for 24 iri.ing ability arld physical state of astrona- In the 4th, gth and l2th weeks theuts ,/1,.2, 1/. ?-he prolonged absence of rats were "*sa"i"i".ted-tire,ninl represen_gravitation leads to decreased -functioning tative of tne-ilJi ."".f i-", tie EDL musc_
9l-!I: iy:"l::. -,I!"1:9"+l8ly affected.by. le, and the representative 'of rhe stowlnacllvlly are the SocalLed antrgravitati- musclesr the S;leus muscle, were excisedonal musclesr the ones th"l plgl a greater ana preparea. The muscles were welghedrole in assuring motion and posture /4,5/. on tlrsionaf scates, ttreir waier content
. To. simulate wei.ghtlessness under $as determined Uy drying io Jonstant weigntterrestxial conditions a number of expe- at 1O5oC. i6 ;*rfi.;";i! ciniiactife prolrimental models have been elaborated. /6, perties, glycerinated ,,r"cii iitre. ,ere?,8/.'Il,e best method of alr_these has ireparea ifter tne method d.escnbed byproved to be inmobilization. In our pre- 3z63r et eJ-. /t5/. tfre eiciila- soleus' andvious experiments detailed exaninations nDl muscLes ueE-fixed to sticks correspond_have been made on the effect of ptaster- ing to their original lengths. and were-cast j.mmobilization on the skeletal stSred in 5O# Sficerine ai _i6oC. tnemuscles of rabbits and rats /9, lO/. ft muscles tnirs piefarea reiai"eA thelr cont_has been established that atrophy deve- ractite propeitiii for 4_A-reets. tireIops fastest and to the hi-Bhest degree j.n contraction'of the fibres 1_2 cm long andthe^s1ow ,/tonic / ,musc les r its deveJ-opment o.1-o., nm rn ai ameier- il"-rioi"a ,itn u1n fast ,/tetanr-c/ muscles is much slower contracting solution containing t nf,{ ATi_and attains a much lower degree /11l. With -Ca++. The"chang"" in ia;;t;i; tension
model experiments we parti.cipated in the were registered; through a signal conver_
Cosnos-U29 bj-osatellite project, and it ter, on a potentiometrfc recoider.proved that under weightlessness nuscular The significance of the dlfferencesatrophy develops. similarly as in the case between the-experimental and control seri_of plaster-cast j-mmobi li zat j- on /l2, 11/, es was evaluatia Uy tne Si;de;a t_test.The changes due Lo disuse have been
investigated i; hypokinesis combined wi-th RESULTS

hJDoxia, too. Plaster-cast imnobilization The body weight of the control anj-_involves disuse of muscles i-n certain mals rose rri,, aOd g ti ZiO t-i, f- ,i-rc,extremities, $rhereas in the present expe- whereas the increasE was smailer rn therinents the animals lrere immobilized by rats kept under hJrpoklnetic conditions,being put in the stocks, thus their wtrole i.e. frbm nO C {o'A)1 g. the Uoay wei[ntnusculatu-re was confined to relative rest. of ani[]a1s tre;ted in-tfie combinei way"MEyTH.DS xfi":i:l'lia'":':1.:3:"i.tBj,T:ilrlrxl;
The experiments were performed with observed i-n the hvooiic sroun"-

male rats of CtrY strain with body weiBht The weight ot'soi.,r; 
""[-fOf, muscles2@-27a g. The anlnals uere divided lnto from anj-ma1s-kept und;r nypoiinesis sirow_four groups with 14 rats in each.,The ani- ed signlficant decrease aL'cornparea to tiremals of the control group were allowed to contr6ls in the 8th ana i2ttr wEeks. The

move freel,y. The rats restricted in move- soleus muscle was more sensitive to the
ment were k9p! 1! a special cage for 4, B, effect of hJrcokinesis than the fast EDL.
12 weeks,-their feedinB and watering was fn the hypoi<inetic Broup hypoxic treatmentprorrided for insi"de the caBe /L4/.I}:,e for 24 h;'dld not afpreiia6iy inftuence
menbels of the thj-rd group moved freely, the i{eight ot the mu!c1es. I; the hypoxic
howeve!, for 24 hr prior to evalustion group n5 change in muscurar weight isthey were exposed to hypobaric -hypoxia obseived as compared to the conIro1s.
corresponding to an alti-tude of TOoo m
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Exaninations were nade in each group
to determine the dry weiBht ol the muscles'
however, no signi.fj-cant dlfference in water
content was found. In the lurther step of
the experiments the contractile properties
of the glycerinated muscle fibres from ani-
mals of the control-, h)rpokineti.c- ' hlrp-
oxic- and combj-ned-treatment Eroups were
compared. The extent of contraction were
referred to I cm fibrillar circrrnference.

In FiB. 1. the char8es 1n the strength
conditions of the soleus muscle are pre-
sented.

I ccttt
@ w,,yr'*
El tw","
E hrld.ift6b'trrpo,b

the combined treatment resulted in siSnifi-
cant chan*es as earlv as the 4th week'
which becine highly ;ignificant in the 8th
and 12th ueeks. In the hJrpokinetic 83o9p
si8nifi,cant decrease was found j'n the 8th
and 12th ueeks.

The rate of contraction was not chang-
ed appreciably significant by any of the
various treatnents.

In su.suEry it can be established
that imnobilization decreases the body-
weight growth tendency in the anj-nals 'whiah is, on the other hand ' not influenc-
ed by hypobaric hJrpoxic treatment. IllDoxia
results j-n the atrophy of the soleua nuscle
in a shorter tine and of the EiDL muscle in
a longer time. This effect is manifested
in tha loss of weight and decrease in the
contracti.le properties.
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As a result of combined treatment a
signiflcant decrease in tension !^,as ob-
served as early as the 4th week, which was
even more expressed j.n the 8th and 12th
weeks. The signifj-cant decrease in tension
took ptace only in the 8th and 12th weeks
in the hJrpoxic Broups, whereas significant
decrease in strenBth was observed only in
the 12th week in the hypokinetic groups.

In fi8. 2. the changes in the maximum
tension of the fibrosi.s shown for the EDL
nuscle.
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In the case of the EDL nuscle nuch
nore significant changes were found than in
the soleus nuscle. Both the hrrpoxic and
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MUSCLE AND THE PHYSIOLOOT OF LOCOI.IOTIOII

PAUL C. RAMBAUT, ARIIAULD E. NICOGOSSIAN AND SAI'' L. PooL

i{ATIONAL IERONAUIICS A D SPACE AD}IIIISTRAIION
flASHINOTON, DC USA

INTNODUCTION

Aoong the probleEs assoclated $Ith Eanned space
fLiSht is that of skeLetal ouscle atrophy.
Degradatioo of skeletal euscLes, especially of
those used to counteract gravity on Earth, ls
conEonly experienced in space flights. Its overt
features lnclude reduced voluoe of tbe lj.obs,
particularly the lorrer extreEities, and postflight
reduction of Euscle strength and exerclEe
capacity.

Knol{ledge of the exact casuaL factors,
patho8enesis, and practical methods of preventioo
of aoelioration of bhe ouscle atrophy of space
ftl8ht is not sufficient to perBit the .ationaL
developDent of dependabl,e counteroeasures that Eay
be coovenienLly eoployed l{ith a oiniouto of
inteaference xilh the dissj.on deEands of space
CREI{S.

BACKCROUND

llhen the functional loadinS of Lhe ousculoskeletal
systeD disappears, as duri[8 exposure to
r,eightlessness , one of the bodyrs responses is
atrophy of skeletal suscles (SDith, 1978).
Several authors neported postflight decreasea in
hu&an ouscle volume and oass, particularLy in the
Iouer extreoities (Pestov and oerate[oh]., 1975),
and daba froo the Skylab series of space fli8hts
sho{ed reduction in Buscle strength of the li6bs
(Thornton and RuooeL, 19?7) and cooflrmed losses
of 6ass of the leg ouscLes (Whittle, 1979),

Increased protein catabol.iso includin8 breakdown
of skeletal ouscle has been a consj.stent findin8
ln space fliShb. A reductlon of the voluie of the
lo{er exLreolbles and a perslstent rise in urinary
oilrogen, aoino acids, aod 3-Dethylhistidlne
excretion are sooe of bhe assocj,ated findj.nSs.
Iheiher these chaoges are caused by zero-G or
other factors in the space fllght environnent has
not been fully deterEined, but Heightlessness is
generally thought to be the main etio1o8lc factor
(Br1cker, 1979 ).

reduced rrork capaclty (Peetov and Oerate$ohl,
1975). the bloioedlcal. results of the GeDlnl,
Apo1lo, and SkyLab prograos lncluded several
features ln coiEon that reae referabLe dlrectLy or
indirectly to skeletal ouscle effects: ElniDal to
ooderate loss of 6usc1e nltrogen, pexercise
tolerance (Dletleln, 1977). The type of ieduced
ouscle Dass encountered in space flight and ln
studies of hypoklnesla has been called ndisusen
atrophy. Disuae atrophy ls characterized by loss
of Eyoflbrillar proieins and increases in
collaSenous proteins (f lbrosls) (Crorley, 1976).

Progressive shrinkage of 6u9cle cel1s, r.ith
decreased Buscle Eaas and volutne, and, ulti.Eate].y,
fibrosis of coflapsed sarcoleruDal sheaUhs are
prooinent hlstologj,c features of dlsuse atrophy
(Robbins, 1967). The blo1og1c nechanlsDs leadlng
to this type of ouscular atrophy are not r.ell
defined, oor 1s the question of posalble
preventlon resolved. Host avalLable evide[ce
suggests that, despite atteEpts at interveotlon
such as diet, horoones, anal exerclse, skeletal
duscle atrophy continues throughout orbitaL flj.ght
featurinS progressive loss of ouscle and negatlve
nitrogen batance (Hhedon, 1978; ,hedon et a1.,
19',t7).

The nuscLe atrophy experienced to date, in
oissions lastlng froo a fe* r.eeks to as long as
six oonths, has appar€ntly been r'eversible.

Since 1978, IIASA hag placed its research eEphasis
on the oechanlsos of ouscle deterioration duri,ng
exposure to zeto-C, a search for factors that
influence 6u9c1e iotegrity in zero-C, and
developEent of counteroeasuaes ,

t{ASAis technical objectives are bo: (1) define
the factoas and oechaniaDs that regulate ouscle
oass and sUren8th; (2) loprove oethodol-o8y for
oeasuring nuscle atrophy; and (3) evaluate
counteroeasures. The sclentlfi,c approaches
currently in use and contedplatedonsea to
siEul.ated arld actual ze.o-G aL the 1eve13 of the
Ehole organiso, indivldual Euscles or Euscle
Sroups, tsuscle cells, and subcellular coEponeDts
and oolecules. Currently under investiSation, or
planned, are studies of tissue 8rovth factors and
their receptors, endogenous and exo8enous
aoabolic stiEulation of protein synthesis, a
poggible neurotrophic factor, and factoas that Eay

l{unerous obaervations of Aoericao and soviet space
travel.ers, aoiDals floran in space, and subjects of
bed aest studiea have generally deoongtrated
skeletal uuscle atropby. Associated effects
lnclude decreased ouscle strcnSth and tone and
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inhlbLt grotetn synthesis. IdeotiFlcatlon of
iotracellular proteases and deflnLtion of thelr
idfluence on degradatlon of the cootractile
and structural prcteins of ouscle are also 1n
proSress or planned.

AlthouSh precise gcientlfic docuEentation of lts
efficacy has not beeo posslble for Eany cogent
aeasons, the available date and oost expert
opinion support the use of viSgrous physicaL
exerclse durinS f116ht as a prturcipal
counteroeasure agalnst ouscular decoodltlonlng
(cazenko et a1.' 1981; NiqoSosslan and Parker'
1982). By 19?5, the recooEeDded infllSht negi.oens
pr€scribed three exeacise pealods daily for a
totar of 2.5 hours (Dodge, 19?6). AccordinS to
Tho.nton (1981), use of a coobinatlon of
exerclses and deYl,ces such aa a passive treadolll,
wlbh the astronaut's body held by elastlc cords so
as to exert the equivaleDt of l-G foot pressure,
is the besb l|ay currently avallable to Prcvent or
reduce soile of the untorard effects assoclated
l.lth space fliSht, ircluding ouscle att\ophy.

NASAts rcsearcb to aesolve the probleo of ouscle
ataophy also Lnclude tests of various exercise
reginens and devices pro8ra@ed for sooe of the
Space Shuttle fl.l8hts, r.ith the obJectlve of
ioproviag techniques and equipoent and deterolnin8
opti[uto types' aDountsr and schedules of
exercises. Aoong the 1nf118ht exPeairents to be
carrled out in Spacelab 4 are those that rill
lnvestigate biochedical ' Eetabolic, and
roorphologtc effects of eeiShtlessness on skeletal
ouscle. In additiot!' NASA's Space Biolo8y
Program, {hich ia separate froB the
Blssion-orlented Biooedical nesearch PaoSra!,
i,Dcludes studles of the effects of hyPogravity on
Buscle biologJt. The Space Biolo&r Paogra[ produces
data that may eeLL be applled to solution of
probleor of Euscle atraphy.

SU}4MARY

It is apparent that an adequate understalding of
the patho-physiology and oechanisos involved in
skeletal ouscle atropby associated Hith space
fllght is nonexigtent. Consequently' idpeded.
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THE NATURE AND CHARACTERISTICS OF A GRAVITATIONAL ATAXIA

Kozlovskaya I.B., Aslanova I.p., Barmin V.A., crigorieva L.S,,
cevlich c.I., l(irenskaya A.V., Sirota I,t.c.

Disturbances of accuracy control of
voluntary novements appear to be the cons-
tant consequences of the space fliqht and
hypokj-nesia expeliments: an increased timeof motor tasks pelformance, a decreaseal
precision of rnuscular efforts contlo1, an
increase of num.bet of errors and diversity
of the end oositions of movernents noted in
the short-term space flights (1,5,7,8) and
even mole Drofound coordination disorders,
showeal uo by an acute disturbances of uo-
right posture, alterations of a posture
sinergj.es and by the deeg changes in a 1o-
conotor acts structure, observed afte!
long exDosures 12,3,4,61 suggest that the
ilecrease of gravitational load serves as a
trigger initiatj-ng the development of the
significant shifts in activity of the mo-
tor control systen. The mechanisms of the-
se shifts that are logically evident are
not understood yet. A alecisive rote in the
qenesis of the cooldination disturbances
in weightlessness is traditionally attribu-
ted to the muscular atrophy. Horrever, the
state of the movenents control rnechan_isns
influenced significantly by changes in the
state of other parts of the motor system,
namely, groorioceptors, spinal synergies,
nechanisms of centlal integrations, which
apDear to be also affected greatly by hy-
pogravitation, may be of a prinary inpor-
tance (8) . For unalerstanding the nature of
coordination disturbances it seemed to be
useful to provide a conparative study of
the actual and simulated weightlessness ef-
fects in different parts of the notor sys-
ten and notor contlol nechanisms as well.

Precise kinematic and electromyogra-
phic characteristics of voluntary movemellts
differed by their organization - program-
na1 and trackingr by speed - fast and slow;
by controlled parameters - efforts, posi-
tions, inteqrated atnDlitude of EMG and by
muscle grougs oerforming the task - eye
muscles, leg muscl-es, have been studied
before, durlng and after exlrosures to si-
nulated weightLessoess (antiorthostatj.c
bedrest, i.ffoersion) and after a short-term
(7 days) and long-tern (75-211 days) space
flights as we11.

The results confirmed the fact that
the ataxic disorders are a natural conse-
quences of gravitational unloading: the
pronounced disturbances of accuracy cont-
rol characteristics of al1 the novements

under study have been observed in all the
situations, that were mentioned. Thus, the
nagnitudes and numbers of errors, as well
as valiability of performance after 7-day
inrnersion have j.ncreased significantly in
the isometri-c contractions of leg nuscles
when subjects perforneal a task to control
muscular efforts. This increase lras more
prominent in movements of dorsal flexion
than in plantar one, The sarne results have
been obtai-ned when the errors and variabi-
Iity of the "isotoni-c" novements performan-
ce were analyzed after iNnersion. Alterati-
ons in movements structure characteristic
to ataxia have been noted additionally: the
task novements lost their fast and snooth
patterns acquiring instead the pattern of
sloE noVements, that gradually approximated
the foo! to a target.

A sharp decrease of motor control sys-
ten abilities has been revealed when sub-jects L,ere Derformj,ng a special test of
nuscular efforts gladation during which
they executed a selies of the gradually in-
creasinq efforts over the mininum-to-rnaxi-
num range lrith the minimal differences in
values of the adjacent movements. In this
case the number of gradatj"ons alecreaseal
significantly; the mi.ninal effoits as well
as an average increnent of efforts in adja-
cent rnovenents increaseal greatly. Even nole
pronounceal were changes produced by imner-
sion and weightlessness j-n characteristics
of the conplex-organized notor acts such
as the eye-heatl coordination, correctj.ve
postural resDonses, etc.

The speed aDd dynamics of developrnent
of the coordination disorders bore a close
resemblance to those of the developnent of
the nuscular tone shifts, recorded in the
same expe!imental. situations. In fact, the
changes in the acculacy characteristics of
the movement during inrnersion as well as a
alecrease of the muscle tone have clearly
been observed begi-nning from the 2nd tlay of
an exposule (Fiq, 1); unaler hypokinetic co-
ndj.tions the both types of disorders deve-
loped slower, reaching the maximum by 15-
30 days. The tonic alterations and the de-
crease of the motor control abilities vele
pronounceC esoecially in the antigravitati-
onal musculature and movements executed by
those nuscle groups. This fact allowed to
suggest that the atonia comolicating the

s-108

Institute of Biornealical Problens, oscow, USSR



control processes rnay play an important
role in the genesj-s of the ataxic disor-
tlers follouing gravj-tational unloading. A
special serie! of experinents has confirn-
ei a validity of this Euggestion fo! the
disortlers, recorded in uPright posture
maintaining. A quantitative study into pos-
ture disorders nanifestations induced by
?-dav j.mmersion j.n three experimental si-
tuations differed by the number of 

'legreesof freedorn (Posture of a "thinker" vith
onlv one deqiee of freedom in an ankle jo-
int] verticil standing on a Platform and
standing on a six suPport Points) dernonst-
rated ciea! correlation between the depth
of disolders and the nurnber of controlled
Iinks. Under conalitions of artificial fixa-
tion of aI1 che links except one in the po-
sture of a "thinke!" the posture disorders
were rninirnal, anal conversely, on increasinq
the number of deqrees of freedom (in case
of a six point support) the disturbances
urere the most grorninent.

particular, lhe marked increase j-n the gain
of VOn ana in the leveI of the antagonists
coactivation could be a natural consequenc-
es of an increaslng excitabilj.ty of central
structures deprived,with the decrease of
proprioceptive inPut activity, of normal
ievir or inhibitory infruences. Actually,
an increase of excitabtlity of spinal me-
chanisms and vestibular aPparatus un'ler
hvookinetic conditions was confirmed by
tlre studies of the parameters of T- and H-
reflexes of soleus muscLe anal the threshold
of the galvanic vestibula! response'

rhr]s, an exPerirnental analysis perfor-
ned, deternininq the quantitative spectrum
of accuracy control disordels in novenents
of dj.ffereit tyDe, allowed to qualify then
as atactic disorders and made it possible
to alefine the main factors in the genesis
of this type of ataxia which, judged from
the analyiis results, seen to be the chan-
o"= of a?f.t.tt inputs activity and linked
io them a drop of tone of extensor muscles
ind a rise of excitability of centraL in-
tegrative mechanisns.
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Alterations of muscle stiffness
of 1eg muscles at rest during
7-alay water immersion.
Ihe figure shows the clear ale-
cline of soleus rfluscle stiff-
ness during first 3-6 hours of
imnerslon and absence of these
changes in stiffness of m. ti-
bialis anterior.

Eoweve!, an increase in level of co-
activation of antagonists, reveale'l j'n the
same conditiona, an occurrence of the ana-
logous changes in characteristics of eye-
neid coordination and in reacti.ons of nain-
taininq an electromyographic activity Ie*
vel cainot be associated directly with mus-
cular tone alterations. These di.soralers are
more likely to be linkeal to alterations in
requlatory systems abilities caused by
strifts in-activity of afferent inouts' rn

Fiq. 1
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.AREESTED BONE TOR}'ATION DURINC SPACE TIICHT
NE.SULIS IlI A HIPOMT EiAL I2ED SELEAAI DEI'ECT

ll. Slector, R. l. TurDe!, E. ltorey-tloltou,
D. J. Baylilk ald Ii. H. leII

DepartDent of Orthopaedics
Enory Urlversity School of lledicitre

ltlanta, ceorSia USA

Illln0 trTI0lt
Previous studieg have revealed s 44-4?, decresse
in leriosteal boDe fomation r:at e iD tle titia
of rata florn in space for 7A.5-19.5 aays (t,Z).
Thia declee€e in bone fomation rate yas fouDd
to be rapidly reve.sed upon return to Earth.
Norllal and elevated foEation rates vere
lecorded for the thrce-reek period begun , to 5
days efter touchdorn (I,2). These previous
iDvestigatioas eeployed arcaL neasureDeots to
detelEine pelioateal foEatioa retes. Values of
+,he appositiona-l rate of bone fotaatioD at
selected snato[ical sltes arould the tibiat
croag-section rere not codputed.

Arr€at Iines, vhi ch occur rhelr bone fomation
ceaaea and ia leter Feinstated, rere ofteD fouEd
separatlDg fli8}lt and postflight bone. The
artest liDe in the flight sninals ras origiDally
deliaeated by light Eicroscopy as a narroy,
6800 tb distiDct feeture rhich did dot stain for
acid Iuosliratase acti1lity (I). t{ore recent
atudies have found the arrcst line to be less
Eineralizeal thaD surrounding bone Eatrix (r).
llorever, ultrastauctural featu].es of the ar:r€gt
liae bave not yet beefl defiBeated.

The objectives of thi6 investigation reie a) to
deterndie tbe effect of sp6ce fliglt on t-he
appoaitioneL bone fomation ratea at selected
anatonicel sites arculd the periosteuE of tibial
cross-sections, add b) to deteroine the location
and ultrestructure of the arrest line.

l{ETHo}5
UDdecafcified traasverse aectioEs yere obtained
froD the tibio-fibular juEction of lats flor!
aboard the CosDos ?82 and 916 biosatellites.
Detaile of the erperi&eataI conditioas oB th€ee
biosatellites beve alr€ady beeD pubtished
(t,4). Briefly, aniEsls received tetrBcycline
iDjection 1or, dqys prior to the tg-day s?sce
fUaht. Otre grcup of rets ras sacrificed soon
aftet' lsndir€. other anihsls received a second
tetrecycliDe iDjectioB r-4 days after touchdoya
atd rere killeal 25 days postfliAht. Earth ba6ed
coDtrol aniDafs received tt€atDent siEilar to
the flight rats.

Sayed sections of the tibi-s ,ere vi.ered yith
itrcialeDt bea[ ffuoEscetrt ifluninatiot.
lploEitiotral foaoatiotr rates rfere detetEined
along aefected radial lines iD the tibial
croa6-sectio!. The Location of the arlEst line
in relatioD to the fluoreecent 1abe1s erd
arretoBicel agpect res aleterrj.ned. Ground
sectiona of the tibia tere Dicroraaliographed aad
subaequently eranined iD the scsnniDg efectroa
Dicroscope (StU). Uese sectioDs yer€ thea
eEbedded ia plestic in preparetioa for
ultra.[icrotoEy and traDsEissiod electrpD
nicloscopy (Tnt). Selected sectiors ,ere
decalcified prior to edbedEert for TEl.

NESUITS
The coDtrol perioateal foEAtioD rates varied
froe 4.7 pn/da along the eDterior a6?€ct of the
tibia to 11.4 p.Ey'da at the posterior enitreoce
(fig. 1). The effect of space fliSht ras to
decrease the foilation rate by 16.1 to 48.'1tr,
the least effect 6eeD i.here the norltral forratl.o!
rate ras the highest.

.Atr aaaest liDe yas found parelleliDg the
periosteal sur{ace, superiDposed oD or located
just Fithin the gecotrd tetracycline labe1. The
arrcat liDe rss discont.inuous, Dever appearirg
in the reSioa of the posterior eioitrence, It yas
found in Eicrorsd ioglaph s to be s radioluceat
line. SDi of ground sections .eyealed the
eriest line as a groove-like feature. The depth
of the groove r.as less thaD 10, of the section
thickne66. I! the TElt the arrest line t,a€ found
to be a zoBe about , pE ride. The bone ia the
arrest zotre cotrtaitred considerably feter
lryd roryapatite c rysta Llite s than the ad jaceat
ftight end postflight bone natrix. llor.ever, the
?ericanalicular bone sppearcd to be Eilrer.alized
norualIy. The arreat zone appear€d to contain
fibrous lateriaI, lrEsunebly collageB geaeaall.y
ali.gned parallel to the defect. A convoluted
feature yas also alyays seen in the arrEst zone.

s-l l0

ASSTRACT
Rats fLoytr in space for 19 days displayed a
decreese iD leriostedl bone for-etion rate
froE 15.1 to 48.7, in tj,bio-fibula!
croas-aectioDs. the least effect of space
fliSht occurrcd at the posterior ehiDence of
tlle tibia rbere the Dollal for:dstion rete ,as
the highest oyirl8 to intrinsic nuscle
forces. lte arrest liEe seperstia8 flight
and loatflight bo[e ras fould to coDtaj.n
coDaiderabljr feyer \ydrcryapat j.tecrystallites than sulroundilg bone. Thi6
rypoEiDeralized defect appeated to be tbe
reault of En ablrotnlal orgenic natrix. The
erleat litle Ea Deve! found along t}le
poaterior aapect of the tibia.



DISCUSSlON
Previous studies have alr€ady shortr that the
effect of space fli8ht on bone fo&atiou aliffers
iD different botres. No effect tas founal ia the
Dandible (5); the alecrcase in fofination rate iD
the huDelus ras about y2 that found in the
tibia (2). fhese p?evious ttoults iddicated
that the effect of space fliSht t.as greater ilr
yeiaht learing lone6' Our Preseat results
deeoflstrate that variatioDs in the effect of
spsce flight otr forretioD rate can be found
rithin the saDe croos-section of a bone. The

dlecr€ase ia fotratioB rate taa the least in the
region of the losterior e[iDelce rhere the BoF
Dai foroatiotr iate ras the hiShest oYing to the
cotrtribution of iotriDsic tnuscle folces. The

rElative influence of Siavity_relateil forcea oa
bono fomstion was greatost alo!8 the eDterior
eEpect of t}1e tibie. The fact tlat beadi!8
fo_rces in the ti.bia Yould be ealect€d to rcsult
ill higher stresses a].org t}le leriosteal t]an
enalosteal surface niSht exPlain rhy 1itt1e
effect of space flight Yas fouDd along the
endosteun (1).

The arrcat liDe Yas never found at the poaterio!
e[inence rhere the decrease id forration rate
ras ouly about 16tr. the locatioa of this defect
in areas reie tlie tEductiotr in averaged fortla-
tioa rate ras hiShest codires that it ist
iaaloeal, e feature narkinS tbe cessatioa of bone

fort!etiotr.

UItlastructural study of the aueat liae
i4ilicstes tist it i8 6 hypouinelalized defect
resulti.DS from ablortal PleciPitstioa of
bydroxyalatite crjrstallj.tes. The fact that tbe
olricaaalicular boDe 1! tbe ariest zoDe ia
noroelly nineralized 6u88€sts that $e defective
bone id the re sult of abDortal natrir that 

'loesnot prcperly niueralize. As a r€suIt of beinS
hy potrineaaLized, the alaest zooe la Dore

susceptible to alrasioE aa aee! in SEX{ of ground

sections aail to fracturc es observe'l tluring
tranaling of ttre sPecinens (Iable I).

Irr couclusion, cessation of pelioateal boDe

foraatlo! duriDg sPace f1i tht does rrot occu'
,he!e lntriEsic ltuscle folcea contiDue to act olt

ttte tibia. [Ie skeletal defect 'esulti!8 
fro!

aalesteal boBe fortstioB duri,l8 spece f1i8bt i3 a

ninerelizatlon defect Yhi ch aPD€ars to be

related to a! ataoIlel orgalic Datlir'
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A.S.Ushatov, I.f,.Sergeev, I. S. Eelelovgky.Y.B.Spirlcbiv, l.S.Eiplanaky. a v. X. Sfiviie

Instltute of Blcadtcal
llossor, USSR

-. Ce1cl}u De tebollaE, g?orth eDd reEodel_
-L1rE of bons tlBsue are regulatilg bybomoD.l syBtoD lDc1udlrg iarathyioti hor-none (PrE),vitanin D and-cii"ii"ii r-icri.vltaDln D functlons erluaivelJr after itiD1otreDstol-ttlong to ho]loDrly actl verom(s, : 1,25-dthydroryvitenfu D (1.25(OH)_

?ri+llE rEiilllir, ?1ii?-'orurorvvl tairln D 
. z

- - It re6 pfeilouaiy 6horD tbat lD hvDo-kl'Detlc ratg the productloD of i.25(-Oh)^D-
Buppreased and the one o! 24.25(Oni^O^'? fe!h.!ced 1D kldnoy sB rell ";-ii" ;t;i-r_LetLon of the laBt EBtabollte dlulalgheitin iDtestlnrl Eucosr 6Dat tonig-G)l-----
- -fhe ueJor retulators of vltoin D nett_DoJ,lBD lD ylvo ar6 serrD ptf,rca1c1unrpl,
a:d.elg}l-b.1y-cr (4).1 dccrer6ed proariciion
;i ;.t:tr;i3h?:1,"I1 iiulSi"il;:uo:Ix':i:*_ry d€noDstrtted rlth lof,er seruD pffl. An In_crersed rcnrn CI ney be ecconpanfea iy 

-t[e
diriDuttor.of 1,25(Og)^Dr reri:. proaultioi.but th:18. effcct 1e notzcSrst.la. [il:i;;-'(oDe-noDth_, hJrpoklDesia in the r:t iegul-Eed 1D 6uch chdrgea of senJn conc€Dtrttl_
oDa or cctcluD-regulrtln8 homores : the
,:i iiJiirl";:lo'iiu.ll' ii"r.l. l,l"i,3l;1"*u
if;J'11{'i;i,13' 

"l';3,i,' ;3,Bf{I,;";3Ii:;l).
l'.13, il;lrt. 3i? #;J3' l.t g;:*i{16i,*ij
ced 1,2!(Ofl)oDr syrtbeais.Ihe'efrehtii--
lncneese of 6e fun 25(08)D., (++.g i 6.i ve.3?.9 ! 3.7 nslnl, p rs)'alp;dnirt ;;;.:"'cr,tred r:,. ti BuppreEaloD of ltg convereionto dihJrdrorylei;d D3.-ne tabolit eB.

Prolonged hypokiDeals cau8eil a dacre_aao or.calciun absorption lD the sn3l,1
iXIS"iili,l', l'Ii:ii:,i i:i+I",l,Il:?.,",
ff -i. E?tsii,;1. ii"*i:tuo:'*I*:ilg.'i;il
tcr:'v€ cjlctui trenBport largely decreeiedrheD lDteDalve grorti haa u"'" Lraii.o6l-*v:'ousty- tha dlElDlshed neeil of tUfg ntne-
::1,!!l d61ay of bore grorth tr [iBoiJ]
?99+s oT 1n coDlactlon rlth egeing- ie col_dltloned by bo:uore1 changee Ie aEcrJaie-of coDceDtrrtlona of t . Z5fOu) ^D^:- iii-;;"tD lDcrerae of CT level fr seftdl.ft lJ--poeslble tbat euch cheDgea tn enaocrinJ

tNcuMTtoN T|ME , MtN
Plgure 1. Ca1-clun absorptloD by unever,_
lEl, i "il* l'"lt:"T;lr"L;t;":1ti,ii;; _' 

-
netlc exposure.

:*lldii:!{ * "H,I.t "H;:'Hl'3to'lil,,"

ir 
j*,"*',q,'+ili;tii;i5ii*#*:

l**rtffi;#tri**niffi

*ffifrlffi
i$i:;:ilitgglfrlrtr{fri}iit
;i:::13il:"lE il,:*"ti::":e,.i-6ii3-Jio,-;. ir; ;;,;;;;i8i'li'ilzitofrl;3f (3Xilr,
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I.ble 1. fDtestltlrl calciuD trsrsport aDd seru! c.1clnn lcvelB iD hJrPoklDatlc r-.ts.

Grnup of
aDlnrlE

Senu Ce,

ne/dL
C.l.ciu! trrDBDort

45c"rol45c"oo, JDg

J
J-

--2. br-1

lccraulatlotr
lDto thc tlsBu€

Dno

Yorrl]E rtts
C oDtrol
EypoklDsslr
Atlult r3tg

10.2+O.2- 5.42+O.61 .9.4!r.2" 3.1qo.47-
lO.5+4.1- 5.52+Oag.Ez.o- 5.1e=o

.90

.)4

CoDTrdf
llypoklaoela 3:ffi:1' 2.O

1.7
l+ofo .34

.59
8.26+0.90
6.76]0.59

4.'17+o.44
3.88+-O.70

Actlve Cr trensDort by av€rtcd. Eaca of the s[alI LrtestlDe lD vltro tra neasur€tl .6
descrtbed elserLer€ (5): ,l-- 3Dd J-. the Cl fltr frou mcoss to aerosr 8Da fron aero-
; "-i;-;i;";-rJgpi ctii'iiy.EsTbe lDf[lsl n.6s of vou!8 rrtl sdult.rats res 98.595.3 rnal-
,:?r.:ag fr#:::tlll"1l.!he duretlon of hrrpokl,r6sl3 'rs one loDth. Yrluas ere letD + sr'

24,2r(on) ^D, 
to the hypokiDetl.c rata resul-

tea s stEfilflcant reatore in the rite of
llneer riorth ge teIl ae 1r the volune 3nd
telght icir of lon8 bores (Table 2).At tbo
aene tlne,ore frlLeil to d.DoDatrste the
posltlve effect of these D2{etcbolltes
irpon tbe rldtth of grorth cirtllage plate
rLereee the volune of prh.ry elil eecor-
dary aDoDrloa8 resched the coDt"ol 1evel
tn Lrai oi 24.25(oE)^D^ cdDlDlstratloD eDil

"nfereca 
ruJt'i,Z:(6t)iD' rra useil (rgbla 3).

troma11zrtlor of volru6 df the trebeculer
bone spoEglose lD hypoklDetlc rats glveD
24.25(08)^D^ rts the reeuLt of s rtilth
ei6 aizeetiicrease of bone trabeculees 'but not thelr Dunber.Appsently lt sBso-
clated r"lth the stfuulatlon by th18 tret3-
bolite flrBt of .11 boDo nlnerallzetlon.
rhl's osslfloit cffect of 24,25(08).D. pra-
veDted oBteoporotlc chsnges of thE 'trg-
becuf.ar boDe botever ltg stmcture becsle
nore rou8h.1,25(0H)^D" stlEul3teil the os-
elflcetlon too,but ftd rssorptlve actior
obvlouBly trB donlDsted.

fhe lnter.ctlo! of By8taELc end local
lactor€ lD dlsorde"s of celcluE Detsbo-
118D and bone sttte 1! hypoklnesla ls u!-
clear.our itita rlLot tbe coDcluslon thst
an glteratior of ca1c1r!0 sbsorptlon 1D
the sDr1l lDtestlne aDd a alelsy of bone
grortb ard nlrerallzgtlor ID hypoklDetlc
ieta ney be aegocleted dtb 3 cbrnte lD
the DroauctloD of vit.dr D' itthydrory-
lete;t netcbolltes end/or e dodlficctloD
In the geDgltl.vlty of tar8et tissuea to
thege.the ccrt13! dlffereDces of effecte
ot bvDoklnealr 3Dil rol8htlessaeaa oD r8t
bone- tiaeue doc8 not ellot to extrgpolete
rith contiilence obtgileil results to the
sltuatioD of reil sptceflight thougb our
prevlously drte lndlceteg 3 8118bt1y de-
ireeae of- celclun cbaorptl'o! ln vltro by
the soalt lntestiDe ot auspenileal r8tE.

Tgble 3. Relctlve vollne of
secoDalsrJr apoDgl os. lD the
of the tlbl..

rDd
end

oroup of
eDlDalB

Yolure of spon8los3
lD par celts

Cortrol
Eypokheair
EJrpokltrogla +
1,25(oE)dD3 (0.15./a8)
EJrpokt!6 s
24.25(oH) 2D) 

(1 .?5 Jui8)
lo.o I o.6

9.9 ! o.5
7.1 g O.,t'
8.8 t o.9

ls+

p]!.lDtr?
prorln.l
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21.1!).3.
1 3.2+2.8

3.85+0.82
3.04T1 .10
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llibIe 2. Dvr].utlon of atfact8 of vltsDlr D
glortb. 3 netabolltes oD the paraDetels of bore

Yitrllln D
netabollt j

e
Doae , Jr8 Crorth ln

leDth
Grorth lt
rlattb

Yoltrne
8.1D

Xaas
Baln

1,25(OE)2D3
1,25(oE)2D3
24,25(osr*
24,25(oE) 

2D
1 ,25(OB) 2D)
24.25(OE) 

2D

0.03
0.15
o.25
1 .25
0.O3 +

o.25
0.03 +

1 .25

+

+

+

+

+

+

+

++

+

) +

++

++

3
++

++

++

++

+

+

3
1 ,25 (0E)

24 ,25 (oE
zD3 +

) zD)
+ + +

(.p) r nqinru positlvs effect, (+) r posLtive effect, (1) ' posslble posltlveeffect, (-) . n6 effect.
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THE EFFf,CTS OF IMMOS ILIZ ATION ON CORTICAL BOIIE IN TIONf,EYS (M. MUASTRINA)

lbrner J. t(kfor.ltz, theodore E. &rnch, and Dotrald R. Yolmg

thlyerslty of Sao Francisco, aod MSA-Aoe8
Celifornta 94035

I}TIRODT'CTIO N

In +ace or shulated cordltloos of tt18ht1e68-
ness, [an reveala a slSnlftcdot loss of csLciuo.
gelShtl€ssness lndrrced hone loss lres been of con-
slderabl€ scleottflc snd (Deretlonal inteEest
durint the 1a8t decade. DurloS th13 Peaiod' the
tErobllized prloate tlas been applted ltt our
laboratory to develop a auitabLe U0DEL for a
uultldiscipllnsry evsluatlon of dlsuae oaceoPoro-
ttc procesees. Drrlng €.(tended pellods tmder
rero-c cordltioos, the stetic stresa dlstrlbutlon
ln the bone end lts [€tabollc requlre[ents are
elter€d. In outer ryecer the effectlve ter_
reslrial accelerelloo 16 reduced and except for
ttanalent dyneulc loads due to phyalcal €rettlon,
the body ls suspended 1.r equiltbrluo. thts naEked
reductlon ln Lechaolcal streas, cdblned rlth Phy-
slcel hactlvity, Ieads to a sl8nlflcant 1oa6 of
calciuo as €vldenced by local or urlforD altoPhy
of tr6becuLar bone. Ultinatel.yr osleoPoroal.s oay
develop. Earthbouod perloda of ldnoblllzatlon ot
long-terr t€dtest ElDlc th13 cordLtLon by pto_
duclnS a local dlaorder of bone kroen as diau6e
oBteoporosla. Ost€oPorosls agpears to be due
oalnly to an lncrease ln the tate of resorptloo
vlthout a cdp€flsetory Lncteeae ltl bone forEatlon.
The patholoStc plcture of disuse osteoporoals ls
no dlfferent frou lhat of other osteoPorooe6 6uch
as nultltlonal, endocrlne, atrd senlle oat€oporo-
sts, ln *rlch both cortlcal ,nd trabecular bone
ls affected. Stlll, the Erderlytng oechanlsEs of
thls alteration 6re not knoya end the conB€quencea
of adaptl.ve bone Lo8a have not been fully eva-
luated. (}.rr Dultldl8clpllnary studle6 rrre
desigoed to evaluate atructural and coopoalllotral
chsnSe6 of llblsl cortical bone durlng short- aod
long-tern reBtraint of oonk€ys, and duElng d1f-
fereot perlod6 of recovery after reatraint. A
princlpal objectlve of our studles hes b€eo to
develop useful adluncta lo hunan research through
studles of the osteoporotlc process, aod factora
yhich relate to the evaluatloo of poEentlel rist
factoEs., snd factore deallng slth the rever-
stbtllty of thla proc€aa. Defl.rlog varloua BteSes
and teqoral everaa lo tlte developE€ot of diauae
osteopoEo6la as rEll as velldetloo of noninva6lve
neesures of botre quallty can have isporta(lt appli-
cstlons ln future res€alch r.Ith huoaoa.

}IATERIAL AND I.IETITODS

short-terD restraint (rp to 4 l.eeks) 6tudtes
eere petforud rdth rheBue oonkeys (lt. oulatta);
both rhort-ter[ €nd long-tero restraint (4 eeeks
to 7 oonths) studles rcre done sith PlStall
Donkeys (H. oeeestrlne). A hyPoSravlc-hyPodFaolc
evlrooDent r.a6 sitrulated by reatralnlnS the anl-
[e1s ln a se[lrecrr@bent posltlon accordlng to the
tectmlquea of lbrrard et al. (1). this procedure

Research Ceflter, ]bf fett Fteld
u. s. A.

redlrces notEally occurtlnS sttessea ln the Iower
Iegs. Io 8enera1, the alloals coEplete the atu-
dles Idthout ebraaloIrs oE contnaioBs' TtreEe i'a
Ilttle body Itlght loss. Slnce ln a.ll lheee atu-
dles there ras no evldence of Sestrlc ulcetetloo
or 8los6 PstholoSy ln the tEert, liver, 1unt6t
ffaneye, iod edrenals, lt ls very obvlous that
th1, ie"t..1nt systeo ls atraunatlc and therefote
aulteble for Phystologlcal lnvestltatlotrs '
lilofllnvaalve technlques such es X-ray8r photon
ebsorptloE€try' cmPuted toooSraphy, alrd bone

beodlnS atlffnesB leaaureilent8 Eae QP1led to
evaLuete the effects of ahort- end lofl8-tera
restralna on sttucture eld Schenlcel ProPertlea
of bode. In sddlttoo' hl6topetholoty end electron
probe 6naly313 of the dlstributlon drd cooPositlon
of booe rlnerels ras studled '

RESTILTS
IDEoblltzatlor of adull Eonkey6 reaults itr

ctEracterlstic loaaes of tlblaI cortlcal bone'
Radiographlcally, dlsuse osteoPorosls ls aaso-
clated rlth resorptlon csvltles a! the endoateal
surfece, slth an aPparent splittlng of the lnner
cortex, se1l-deflned intracortlcal striatloo6,
subperlosteal loos, end surface erosion qtendlng
to the lu.xEa-artlcular area (2). Ttte ifitracor-
tical sttlatlols geen in radlograPhs reseEble lhe
resorptlon csvltles r*rlch are characterlatlc of
senlle oateoPorosis, hy? e rparathFo ld i6E, aod

renal osteodysttophy. Ille losses durlng 6 Dontha

of re6tralnt tended to occur Predooloantly tn the
aoterlor portlou of the Proxlsal tlblae.
ToEosraphy detrooatreted endosteal sldening drd,
quelltatlvely, a redrrctloo of olnetallzed tlasue
(2). tbrlend bon€ olneral &lalysis revealed tlBt
the proxhel tlblee shot lhe Sreate6t Loasea of
bone Bioeral r*rich range bete€en 232 and 31U after
6 mnths of re6tralot (3)- In recovealog Donkeyg

even 6fter t5 mnthsr bone Ineral content did rDl
decesaarily return to mroal IevelE. In addttlon
to x-rays, torography, eod bone uloeral e al'ytl3'
the irt vlvo bend lng rt8tdity Es studied (3)'
Beod 1n8 rltldity Io cll€ aoterior-?oat€rlor Plane
gas oeasured by en LoPedence Probe technique '
Forced vlbratlons of the bones IEre lnduced wllh
an el€ctronechanlcal thak€E, and forc€ and velo_
ctty at th€ drivloS Polot ver€ detetElneal ' Aflel
6 mnths of restrslnt, th€ larSest changes of booe

stlffness renged from 767 to 4Ol. &proxloately E

1/2 oonths r*re requiled for lestoratlon of rrctoal
benillnS propertles' even thouSh Elneral cootenl lrr
the cross gectloo rras not leatored.

I{latotoglcal changes of cortlcal bone occur
very rapldly. the d€monstratlon of ourerou6 and

extenslve re60rptlon cevitles ln a!ea6 of
haverslan bone, Pertlcularly ln th€ enterlor Pro-
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rloa1 tlbtse conflrD the radlotraphlc and tooo-
Sraphlc date. Coopac t bone h this particuler
area conalats prtnctpally of cLosely pacted
aeco[dary slrd tertlary genetetlooa of haveralao
ayateoa dell,neeted by etr outet clrcr.@fereotial
layer of latre1let botre. Wlthtn ooe oonth of
re6tralnt, reaorptiotr cevltles can be Been at the
eodoateal aurfece slrd slthtn the corllcal Layer of
bone. Ihe Dost rmlque chaoges occut ln slngLe
oateooa r.hlch loae thelr typlcal Laoellar patterr!
and reveal &r eccuaulatLon of aoorphouB naterial
et th€ boundery of the detertoratlng osteon (3).
$l1B Eatertal iBs a strong efflnlty to oetachtoue-
ttc dye8. Electron probe analysls of lhlB atage
of e deterloretlng oateon, reveels e los6 of 252
to 301 of celcluo slrd phosphorus (4). After
l0 reeks of reatrolnt the external laEeLlat bone
18 thLn 6nd lrretuLar, ltrere are larte resorptlon
cavltlea aubpetlosteally atrd Ehroughout the cor-
tex. So[e resorptlon cavllles ere llned by Dono-
Bucleer cells, others conlalo 6rr6t1y c(Epon€nts of
bone Derro{ aod tE[atopoLetlc tlssue.
Addlclonally, nrEerous fuBiforo cella are present.
SoEe larter reaorptlon c6v1tles slllL contsln poa-
tLo[8 of urresorbed bone. Occaal.otrally, Eultt-
trucLeeted oateoclaats are detectable wlthtn the
reaotTtion cavltlea, Af,ter 6 Dontha of recovery
there ls appo8lttooal gtol,th 1.r the cortex,
recoSnlzeble by the presence of aeveral arreat
llnes, aoEetldes deep ln the cortlcel tlssue.
Ierly foraed leoellar bone qpears to be replaced
by heverslan aysteos, so Ehat efter 15 Donths of
recovery the cortex conalsts dootly of first
Seoeratl.otrs of hever6l6n Bysteoa. After 4O Eooths
of tecovery flon reatralnt, cottlcal bone 1n the
proxloal tlbla 4pears nornal wlth nuDerous secon-
dety snd tertlary osteons.

lrlcroradlogrephs of ttblal cross aectlons ex-
htblt the structural coopooe[ts of booe. The
llght and dark oateoos refl€ct the redlographlc or
Elneral denolty of the Eaterlal. In nortral tls3ue
there are ouly fer dark, youager oateons,
Eefl€ctln8 a loy turnove! rate of oateotrs. Durlng
reatrdlot, there Lg an abaeoce of derh osteona.
Durln8 5 lonths of recovery, all, areea of foroer
reaontloD cavltles are fLlled r.I th nee, less
radlogrephlc dense bone. Such areas appear as
huge 81tr81e oateons. Ioage enhaoceoent by back
acattered electron lEage cotrflrEs the dlfferent
denslty La ,.ndlvtduel osteotrE (5).

Oateona froi! controL, restralned, aod recovered
atrltoala rEre radked 6ubJecttvely llr regard to
theta radlotraphlc denslty, and aoaLyzed slth the
electron probe. Ihe larSest dlfferences 1rr the
bulk Elnerdl (Ca, P, F) cootent bet$een the
liShte8t and darkest oateons 18 182 to 201. In
i.[[obllized eofuel6, addltlonelly, the eeerage
bulk Elnerel content ln al.l osteonB ls decreased
about 4; to 62. l{o prefetentlal 1o6s of Bpeclflc
eleDent6 could be detected. IhrLog recovery, booe
Ehorr3 agal.n norDal levels of oloelallzatlon (6).

DISCUSSION AND CONCLUS ION
fhe preaent studies are a DuLtldlsclplinary

apptoech to evaluete the pattern of developEenc of
oateopetrla trr the ,.ornob il. t zed oonkey Eodel.

Cortlcal bone iB potentlally h18h reactlve, and
durlnS i[Dobllizatlofl, booe loBo occura rapldly
atrd reflecta the l,lbalance b€trjeeo resorptlon Eele
and bone foroatloo rate. Early sltns of bonedeterloratlon rrlthln I Eonth aie o-nly detectable

In concLuslon, the lDDobtllzed oonkey Dodel canprovlde anarrers eeclflcalLy ln regaad to the
reveaBtblltty of osteoporoals.
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8, t*stlli;-ml-Ttt6;- r.osa of booe Etneral
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ln hlstoloSlcel preparatlons. L6r8e portions of
oateona rErdergo slructural and coBposltional
changes r*tlch are though! to be Ehe inltlal stages
of aesorptlon and subsequent cavlty foruatlon, In
addltlon to bone loas throuSh resorptlon cavity
fonu6tl.on, the reEalnirlg hard tlssue tmdergoes
d ealneral lza tlon . Pavlove et al. (7) elso
reported decreases in tlblel elneral saturatlon tn
youfig dogs lo&oblllzed by conftneEenr.

I'he responaes to a hypodylaDlc envlronEent
could lBve serloua conBequences. Ite dsla shog
that lhere can be conslderable decreaaes ln bone
bendinS stlffness (3).

EarLIeE studlea of dlsuse osteoporosis wlth
docure.rted bone loss Ln oan (8) conclualed thet
theae la no restltutlon of herd tl66ue efter
re[obillzation; but our tnvestlSatloos show that
ceIl prollfere!1on and cellirlar sctlvlty increese
sufftci€otly !o reacore norEel ptopertlea of coo_pact bone. Hottver, the recovery process ls 61ora.
Three patterns of recovery seen lncluale a) Deseive
ner bone groeth r.l th refll.llng of the resorptlon
cavitles, b) re-dLneralizstlon of older booe, and
c) IaDeIlar bone Tposition, perl-o6teall.y.
Responaes of the prloate Eodel suSgest prlEary
focal regulatlon of bone. Ioltlal stag-s of 

_

re60rptlon cavity forEatlon occur in rfioIe
oateona, atrd th€ reverslblll.ty of bone lo6s after
dlau6e oateoporosis 1s ee6oclated l,tth refilllng
of each cavlty slth new booe. At each slEe of
Bequentlal Eenodelllng, the voluDe of new bone
forned ls ccEparable to the volure prevlously
resorbed.
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Randall Lee Kohl , Carolyn Leach , Jerry L. Hoinick , and F. Ted LaRochelle**r

MOTION SICKNESS SUSCEPIIBILITY RELATED TO ACTH, ADH AND TSH

I NTRODUCTIOI.I
Variations in individual susceptibility to

motion sickness have pronpted the sea.ch for
physiological and biochemical parameters which
might le ot value in predicting an individual's
susceptibility to rnotion sickness or contlibuting
to our understanding of neurochemical mechanisms
underlying the nalady. A year ago we reported
our research on the lnfluence of stressful ilotion
on the circulating levels of human growth hormone
(hGH), thyroid stimulating hormone (TSH), adreno-
corticotropic hornone (ACTH), cortisol , norepine-
phrine and epl nephri ne. Si 9ni fi cant i ncreases
in the levels of ACTH, cortisol , epinephrine, and

norepinephrine were noted. Considering the pos-
sibility that certain hormonal responses to
stressful motion might serve an adaptive role en-
abling nan to function in a stressful motion en-
vlronment, we have now measured basal 'levels of
hormones Jn our experimental subjects before pre-
sentation of a stressfu'l notion stimulus. sub-
jects ctassified as less susceptible to motlon
slckness rere corpared with those of higher sus-
ceptibi I ity to test the hypothesi s that endo-
genous levels of certain hormones might be indic-
ative of an indlvidual's susceptibility to
stressfu'l noti on.

*Technology Inc., NASA/Johnson Space Center and
Houston, Texas 77058 USA

Northrop Services

were recorded. Each subject then returned to the
I aboratory each week for the next ten feeks for a

blood draw. The blood sanples were used to neas-
ure blood leve'ls of ACTH (8), cortisol (I), vaso-
pressin (10), ISH (6), angiotensin (5), aldo-
sterone (7), and hGH (11). After each b'lood dralr
the subjects were tested on the rotating chair as
part of a separate experiment (in press). Thus,
each subject anticipated the same degree of
stressful motion ofl each visit to the laboratory.

RESULTS AI{D DISCUSSION
The leve'ls of ACTH and vasopressin measured

before exposure to stressful notion were ttro-fo]d
hiqher ln the less-susceptible subgroup (Tab'le
1): cortiso'l sho[ed no significant difference
but tended to move in a direction opposite to
that of ACTH. This behavior is not unusual be-
cause cortisol normally inhibits the release of
ACTH. TSH yras elevated in the less-susceptible
subgroup but the difference ras not statistica'lly
significant, tlo significant differences were
noted in the levels of angiotensin or aldosterone
(data not shorn). It is remarkable that the dif-
ferences between the susceptibility subgroups
were greater for a given hormone than for any of
the changes induced by exposure to stressful mo-
tion. This observation suggests the need for
further consideration of the hypothesis that
endogenous levels of certain homones may be
indicative of an individual's susceptibility to
st.essful noti on.

Because of the episodic and circadian in-
fl uences on the release of the hormones re meas-
ured, it is necessary to discuss our expenimental
desi gn i n further detai I . 0ur desi gn entai I ed
the determination of each subject's motion sick-
ness susceptibility using the staircase velocity
profile notion stressor (n=2), followed by an
analysis of multiple blood samptes (n=10) obtain-
ed at reekly intervals. Based on our many years
of determining an individual's motion sickness
susceptibility and on the basis of the results of
the three additional provocative motion tests em-
ployed, we feel confident these tests adequate'ly
characterize an individual's susceptibility and
that an individual's susceptibility to motion
sickness is a fairly consistent behavioral meas-
ure. Ho{ever, we measured hiqh variability in
the levels of each hormone for each subject. For
instance, it was possible to fjnd individual ACTH
values ranging across a five-fold range (average
= 2-3 fold). Eecause of this variability we feit

METHODS

Five males and three females, aged 20 through
44 years, participated in the study, All sub-
jects were in normal health and had norma'l vesti-
bular function. Each of the subjects lras at'least roderately susceptlble to motion sickness
as measured by three different provocative notion
tests. These tests included a fixed RPI'I coriolis
sickness susceptibi'lity index (9), an off-
vertical-rotation test (4), and a sudden-stop
test yrith eyes open (3). The motion sickness
stressor used to measure an individual's suscep-
tibi'lity to stressful notion was generated by re-
quiring the blindfolded subject to execute stand-
ardized head movements vrhile seated in a rotating
chair. A staircase velocity profile was used
Hith 40 head movements being performed at each
success'ive 2 RPl,l step. Each subject completed
two trials on this stressor. They began the
staircase profile at 1RPI. The ceiling on the
velocity profile wns 35 RPt'|. The subject was
continually nonitored for signs and symptoos of
motion sickness and the test tria'l was terninated
when the I'lalaise III level of notion s'ickness was
reached (2). The slmptoms present at the end of
the test trial and the number of head rbvements

s-l l7The Physiologist, Vol.26, No. 6, Suppl., 1983



Table I [otion Sickness Susceptibility and Hormone Levels

JP
AN

JS
LB

Average

BB

PE

TL
RL

Average

Susceptibility

Head llovenEnts

l0s
110
155
180

138 + l8

2 3

Basal Hormone Level s

Yasopressin3 TsH4 5ACTH Corti sol

41
42
36
31

9
10
15
10

+
+
+

+

ll
l9
l4
l3

2.8 + 0.5 + 0.5
+ 1.0
+ 0.7
+ 1.0

3.2
3,9
3,1

.0 + 2.0

.6 + 3.3

.3 + 5.9
,9 + 3.4

3.0 + 1.4
4.5 + 1.4

2.7 + 1.3

198
212
215
425

80 +25
71 +20
78 +20
62 + t7

40.5 + 2.5 3.3 + 0.4

6.2 + i.4

3.5 + 0.2

4,1 + 0.5

ll.7 + 1.5

9.0 + 1.3

9
3
1

3

4 + 7.9
9 + 1.4
6 + 3.7
8 + 1.4

3.8 + 1.0
4.8 + 1.6
4.8 + 0.6
2.9 + 0.6

7.5 +

8.8 +
7.0 +

12.8 +

0
8
4
7

4
I
1

3

21a + 52 72.8 + 4.1

I ,lP, Pt, and TL 
iare 

female.

means + I SEll. p

t-test). 2 n=2,3

I ndi vi dua l
p < 0.01

lU/ml , 5

entries represent flleans t 1 SD (n = 10). Averages represent
by compari son rith the high-susceptibility subgroup (unpaired

9/dl .

050
4

Pg/ml ,

it was necessary to obtain repeated measures of
blood hornone content so that xe oight be able to
characterize an individual subject's average day-
tine hormone level .

Further research is needed to clarify whether
these honnonal differences are related by cause
or effect to the individual's notion sickness
susceptibility or simply correlated rith that
susceptibility. Exp€.iments are currently under-
way at the Johnson Space Center with drugs which
profoundly influence the pituitary-adrenal-corti-
cal axis (dexamethazone and netyrapone) to deter-
ntine the precise role of ICTH in rntion sickness.

The possibility remains that individuals
possessing higher resistance to motion sickness
might also display significantly or entirely dif-
ferent neurochemical profiles as compared to sus-
ceptibles. ACTN, vasopressin, TSH, and other asyet unrecognized factors nay a'll be important
neuromodulators in this regard. Because of the
close biological and biochemical relatiooships
between ACTH, vasopressi n, enkephal i n, beta-
endorphin, nelanocjrte stimu'lating hormone and
beta-l ipoprotein, it is also possible that other
neuromodulators may play a role in detemining a
subject's susceptibility and rnight be coreleased
rith the horrones r{e have measured.
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DISTRIBUTION OT FLUIDS IN TIIE BODY OF IHE CENTRIFUGED RAT

Crover C. Pitts

Departnent of PhysloloBy, School of lledlclne
University of vllglnla, CharLot tesvllle, vA 22908, UsA

Chronic exposur€ to forces of mrltlple 8rs
by centrj-fugatlon should a1!er the fLuld
equlliblia establlshed at teraestrlal Sravity as
has been fouod to be lhe case 1ll the welShtlesg
rat (3). I!{any of these alteratlotrs would be
slnple reverslble responsea to chaoSes in lhe
exlstlnS physical forces. But exposure to an
eleveted 8-1eve1 thtoughout the period of raPld
growth Elght result ln sone peaslstitrg changes.
llere we have looked for such persisting changes
1n the ret by cooparlng e group centrlfuged as
adults irlth groups centlifuged fo! prolonged
lntervals Etartlng shortly after weaning.

MEIHODq - FeEale Sprague-Dauley rats eere kePt a!
22 + 2"C,rflh 12 hours of light aDd 12 of
darfness per day and sith food (Purina Laboratory
Chow) and water avallable ad 1lbituD. The
experlDelrta1 groups lrere centrlfuBed chronlcally
at 4.2 times terrestaial Sravlty wlth conttols at
terrestrlal gravity.

In the Groeth Study the rats were 35 day6
old and -70 gn 11ve Dass at the start of
centrlfugatio . Randon saEPIes (usual1y 8

aniraals) fron each group sere sacriflced for body
coEpositlon studles at 0, 28, 63, 105, 179 and
308 days after the star! of ceDtrifugatlon. Io
the Adult Study the rats werery4 Eonths of age
and -325 gla live oass a! the start of
ce[trlfugation. At the end of 60 days of chronic
centrifugation ce[trlfuged and control SrouPs
were sacrificed fo! body cooPosltlon studies.
Olher aspects of the Srowth study (5) and the
adult study (6) have been Publlshed ear11er.

Afte! decapltatlon end bleeding out, each
rat ras sheared closely sith anloal cllPpers and
di66€cted iflto the folloutng cohpodents: healt,
l1ver, kldneys (Grovth Study only), 1un85 lrlth
trechea (Growth Study only) ' SastrolBtestlnal
tract corlected for conte[t (8ut), braln and
Bplnel cord (cNS), sk1n, total 6ke1eta1 mrscle
and total booe. on each coDPonent watet rias
detelolned by freeze-dtylng and fat content by
Soxhlet extractlon nilh Petroleun ether (BP 30-60
C). Water afld fat of the total body gere obtalned
by sumation. Further detalls are provlded in
(4).

The bleedlng out techolque exPelled 61.2 +
l.4Z (hear of 8 rats 1SE) of the blood volume
calculated as 7Z of total body &ass less fut and

8ut content (f). Th15 r0lttlnlzed elrors due to
unknom volunes of blood wlthln other coEPonenta'

A1so, the interval of approxiBately I to 3 hours
bet$een tetElnatiotr of centrlfuSatlon and
sacrlfice losured thet reversl.ble changes with
short tloe constants sould be reversed befole
body coaposi!1on aoalysls occurred. Thua 1t ls
u!1lkely that !,e were looklng at 6hort telltr
chadges ln elther blood voluro€ or ln othet fluid
cornpartnents wlthln the coDponent6 lrhich rde

exanlned.

RESIJLTS AND DISCUSSIoN - The lesults are
s'mrlzed ln Table I. RldneyB, 1uo8s' cNs and
bone showed no changes aod have beeo onltted.
The teble contalns 2 cohlftrs of data on abEolute
m:rsses (graa6 of eater aod so1lds) aod 2 on
relatlve DAsseg (rater fractlon of coBPoaellt and
fractlon of total sater itr coDponent). llet Dass
changes are delermlned by the changea occurllng
in water and so11d6. the relatlve Dasaes 1rl
general reflect changes in the absolute oaases
but the log1c connecting the tlro 16 frequently
obscule, probably because of 6tatlstlcal
varlatlons.

The absolute Easses of total fat-free body l. 'gut+ and nuscle I resPonded slnllerly to
centrlfugatlon 1n both Grorth and Adult Studles.
Ileart and liver both showed declea6es {o the
Adult Study but sete coDstant ln the C!or,,th Study.
Skln wet Eaas and skln ua66 of teter were Sreetet
than control 1evels lD the GroDth Study'

The data on $ater fractlon of lndlvldual
cotnponents 1n Table 1 show lncreases ltl 4
lnstences, 1,e., 11ver (t!ro), 8ut end ouscle
which are attributable to disproportlonate
changes ln nater and so1lds durlng centrlfugatioo.
lllth respect to the relative dlstllbution of
total body uater, slnce the total fat-free body
m:rss decreased during centrifugatlon, cotoPone[ts
which elther teEAlned constant or lncrea6ed
io mess eventually contalned a 1a!8er frection
of lhe nass of total sater. Thu6, the fractioo
of total lrater 1n But aod skin went up as a lesult
of centrifugatlo[ and that 1Il nuscle \rent dolln.

Slnce the date 1n Table I were obtalned by
comparlnS €oa11er centrlfuged anlnals wlth larger
control aoloalE, the observed dlfferences could
be attributed to either the change ln body slze
or to centrlfuSatton !s1:q9. To seSreSate the
loles of these two causetlve agents re have
applled to the Gfosth Study the "alloaetric
equatlon" Y - aXD vhich is reSarded as a slDple
aod satisfactory nodel of lndivldual coriPonent
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8rolrth telatlve to tot61 body grosth (2). The
double logarlthD1c plot eBployed id Fig. I
ILaealLzes the relatlooshlp, the slope of each
Itne yleldlng the respectLve value of the
exponentlal constant (b) for each conponent. The
curve for totel body water ln Flg. I ls
repreaeltatlve of Eoat body cosponents 1n thet
the dlff€reoces beteeen centrlfuged and control
gloupa sho$n In Tsble I disappear and there ls a
slngle population shlch ls affected only by 1og
FFBU. Possibly centrlfugetlon dualng growth
dlrectly stlEulates e reductlon lD grorrth of
total body Dass and then Dost llldlvldual
conPooent6, act1n8 s€coodarlly, partlclpate
proportlonally 1n that process. At any rate, 1n
thia type of plot co[tro1 rat6 and centrlfuged
ratB fall close to a slogle 1lne Irlth re6pect to
DoBt lndlvldual coDponenta.

By contrast 6k1n velues for fat-free eet
DAas, Water aod aollds 6hor trro populatlons 1n
the figure, the centrlfuged groups belns rlo to
l8Z hlgher than controls et all levels of log
FFBH. A160 a coDparison of slopes by the Eethod
of Studeqtr6 t shorrs that rrlth ltrcreaslng FFBM
akln sollds lncleased Dore rapldly than skin
water ln contlo1 groups (p<.001) a6 rrell es
centrlfuged groupe (P<.01).

our strategy of conparlng adult rat6
ceatrlfuged for only a felr oeeks I,ith those
centrlfu8ed throughout the perlod of rapld growth
ylelded dLfferences of lnterest but nooe which
r.ere ttuly p€rslstent. Mass changes ln the heart
6nd llver ln the Adult Study (Tab1e l) probebly
lepreaent tratrslent responses whlch disappeaEed
1n the longer crowth Study. By contrast the oore
prolon8ed centrlfugatlon of the crorrth Study
lncreased both water content and solid content of
ekln, hdependentLy of any changes in totel body
oEss (Flg. 1). Thus skln showed simultaneous
respotrses to centrifugatlon and to body 612e, the
flrst characterlzed by a rlse ln the position of
the curve on the ordlnate and the second by a
slope constant (b) which 1n each case was close
to the valoe for cohparable contro16. The skln
values were unlque in that they Fere the only
incleases 1n Dass assoclated wlth centrlfugatlon
and the only re6ponsea to centrifugatlofi per se.

None of the chenges h response to ceDtrlfuga-
tlotr rere truly pelsistent. RetlleDent froD the
ceotrlfuge to terle6trla1 travlty reversed both
the chenges 1n fat-free set Dasses, as plevlously
Ehown (6), and ill sater and sollds of sklo, as
thorfir ln flg. 1.

Support for thls eork by NASA Resealch crents
NCR47-005-213 and NSG-2225 ls grarefutly
ackoorrledged.
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GENER,AL PRINCIPLES AND METHODS OF ANIT,IAL EXPERIUENTS
ALOViN ON COSMOS BIOSATELLITES

E. I. Ilyin

Institute of Biofiredical Problerns, Moscow, ussR

Biological exPerinents in sPace
flights forn an important line of research
in space biology and Physiology. They can
be performed onboard manneal and unrnanneal
space vehicles. Of Particular imPortance
among the latter are biosatellites, i.e.
earth artificj.al satellites that carry va-
rious biological objecls (1) .

In the last tlecaale the Soviet Union
pelfortned bj.ological studies onboard five
bi.osatellites of the Cosnos series. The
purpose of these stualies was: a) to inves-
tigite ttre effect of rreightlessness on the
structure antl function of various orga-
nisns (2,3), b) to explore the possibility
of using artificial gravity to oPtimize the
functional state of living organisns in
space flight (4), c) to study the modifying
eifect of weightlessness on the raaliosen-
sitivity of naaEnals.

The preparation and conduct of expe-
riments onboard Cosnos biosatellites in-
volved the follor^,ing areas: a) ground-based
alevelopment of flight studies (Table 1),
b) prefu.ght PreParation (Tabte 2), c)
flight experinents (Table 3), and d) post-
flight stualies and data processing (Tab1e
4), crounal-basetl development of flight stu-
dies is very labor and time consrming. The
resuLts of the ground-based studies carri-
ed out essentially decermine the nethods
of stualies in space flight.

when develoPing rat experiments on-
board costnos biosatellites, the following
requirenents \rere sPecif ieal:

- restriction of motor activity of
rats in flight studies shoulal be nininal
and should not affect signifj-cantly the
physiological systemsi

- life-support syslem should meet the
bi.ological requirenents (food anal lrater
supply, gas exchange, energy exchange, ten-
perature profile, etc.) of the anj.nal spe-
ci,es.

Using the above requirements, it was
decided to fly unrestrained rats housed in
cages for one animal in earlier flights antl
for a group of animaLs in Later flights.

when planning rat exPerinents lrith
artificial gravity, the foltowing require-
ments were sPecj.fj-etl!

- the centrifuge arn should be as
large as possible, i.e. as alLoireal by the
interior size of the biosataLltte; and its

equipment;
- the envj.ronmental. parameters for the

centrifuged aninals ahould be ialentj.cal to
those for the lreightless animals (tempera-
ture, hunidity, vencilation, food and wa-
ter supply);

- the rate of centrifugation should
be selected in such a !,ay as to qenerate
I.0 g in the anjral area.

In view of the fact that physiologi-
cal, rnorphologrical and biochemical parame-
ters of L g rats have been adequately stu-
dj-ed, it lras hoped that artificial gravity
(1.0 g) \roulal provide good controls and
woulal becone a Einple nethod to ansrrer the
guestion whethe! artificial gravity can be
employed to naintain nornal functions of
the vital systens of the animal boaly j-n
space flight.

In order to investigate the combined
effect of ueightlessnesa and ionizing ra-
diation on animals, a special experinental
protocol was aleveloped. On flight day 10
the rats rrere irradiated lrith tr{o aloses of
ganma-radiation. The Cesium-137 source had
the following characteristics: activily
325 mC, energy 0,551 MeV and half-life
tine 25.6 years. The rnaximum dose of rrhole-
body irradiation (800 ! 85 rad) was selec-
teal such as to initiate radiation sick-
ness. The early stage of radiation sick-
ness atld postradiation recovery developed
during the renaining 10 days of the
wei.ghtless flight.

The specific feature of the Cosmos
experi-nents was their conplete automation.
Due to this, the quality and reliability of
every conponent of the life support systetr
anal scientific equipment should be very
high. In vier, of Lhis, the launch of
every biosatellite was preceded by bioengi-
neering tests in the mockup.

The goals of these tests werer
- examination of the equipment perfor-

rnance under the conditions sinilar to real
flight;

- physiological anal hygienic evaluati-
on of aninal life-support systems;

- investigation of the composition and
tine course of the changes of the nockup
atmosPhere i

- assessment of the effects of the en-
vi.ronment anal other paraneterg of animal
hanalling on the animal's physiology para-
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TABLE 1. Stage of crounal-Based Development of Ftj.ght Studies

Development of flight programs and
Devel-opment of methods of study
Selection of animat model s

selecti.on of adequate experimental protocols

aninal life-support systems
anal biotelemetric monitoring

of life-support system and scientific

Development of methoals of anirnal training
Substantiation of bioeng.ineering requirements for
Development of principles of life-support systems
Development of animal diets
Biological evaluation of mockup and ftight uni.ts
equipment

TABLE 2. Stage of preflight preparation

veterinary antl physiological examination of anj-mals, their selection andflight and control studies
Transportation of aninals to the launch-site and their pLacenent onboardFinal testing of life-support system and scienCific equipnent
Prelaunch rnonitoring of capsule envi.ronment

training for
the hiosatellite

TABLE 3. Stage of Flight Experiflrents

- Acquisj-tion and processing of telemetric information
- Monitoring of the flight experiment
- Synchronous experiment in the biosatellite mockuD
- vivarium control experiment

TABLE 4. Stage of Postflight SCudies anal Data processing

- Biohedical investiqations at the recovery site in a field laboratory- Transportation of animals and bionaterial to ltoscot^/
- Laboratory investigations
- Treatnent. analysis and discussion of resulCs
- Preparatj.on of reports

meters;
- finaL refinement of investigations

for flight study,
The test results l,,ere used either toqualify the experimental equiprlent for

space flighC or to identify the failures
to be elininated before final approval.

Almost sj-multaneously yrith the flight
stualy synchronous control experiments were
carried ou! on the ground. Their purpose
was to simulate as close as possible the
effect of space flight faclors, except for
$eightlessness, on the biological naterial.
This \ras necessary to compare the flight
antl synchronous results and to tlifferenti-
ate i{eightlessness-inaluced effects fron
those produced by other space flight fac-
tors, in particular maintenance anal hand-
Iing. Synchronous studies as \,rell as bio-
engineering tests were conducted in ground-
based mockups.

The progran of physiological, rnorpho-
logical and bj.ochemical investigations j.n
rats studieal onboard cosmos biosatellites
was developed in such a way as to yield
the main bulk of information in postflight

studies. In this context, in order to obta-in data undistorted by readaptation to 1 g,
tne post-recovery examination of animals,
including their sacrifice, organ removal
anal conservatj.on, were performed at the re-
covery slte in the field Iaboratory. Each
laboratoly included a landrover, tents for
scientific lnvestigations. containers with
equipment, heating and ventilation systern,
power.supply, etc. After these primary exa-
mrnataons aIl the biomaterial iras broughtto Moscow for further analysis at R+1. Thegeneral principles and methods used in therat studies onboard Cosmos biosatellites
are to be used, after revision and refine-
ment, in the primate study.
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DEI.IOGRAPSIC CONSIDERATIONS IN GMVITATIONAL BIOI'GY

1
Janes R. Carey

DepartDeot of EDtonology, Unlverelty of California' Davls 95616

IITTRODIICTIOlr
tnderatendlog the conaequedcea of dlfferent

grevitatlonal flelds on indlvldual orgaoladt la'
ar Least by loose definltioo, the fleld of Srsvlta-
tlonal physlology. Tte tero acute ln thto fteld
usually encolpasses gholt expoaure, ofte[ of e fel,
olnute6 or hours, ehl.le the tetu chronlc ls nor-
Dally leserved for looger elPoaurer usuelly over a

lerge fractlon of the tndtvldual's ltfetl e.
A neceaaary but eodetloes 11 lt1ng conatrelnt

of etl sctetttftc dl6clp1lnes ls the nse of tlte
scrle6 to dellElt th€lr acope. chronlc ln olle
fteld oay denote a tlDe perlod shlch ts thought of
as acute ln eflother. Ttat 16 to aay, aa acleoc€
roves froo ooe level of blologlcal orgenlzatloo
to enother, tlDe fr66es chaage ae do th€ utlltd of
btological lnterest.

The purpoee of thls Paper la to exPlor€ a

dlffereot tloe fraEe and bloloSlcal unlt ln Sravl-
tatlon b1o1o8y. Instead of belng coocerned rtith
the speclflc effects of dtfferent Srav1tatlonal
fle1d6 on lhe hdlvldual, I rdll addre6s the con-
sequences of Potentlal effecta ln lems of a
poputatlon of ttrdlvtduals. xy assu.ptlon here 16

thet dlfferen! ot86nlst3 respond ln illffereot naya

over a range of acceleratlon flelds end that theae
reaponse!, ultl6ately affect Populetlon survlval end

reproductlon. These repreaent the characterlstlc
verlables ln the fleld of deoograPhy--the study of
populatlon6.

The peper le orgeolzed {nto 3 Pert6. Flrsl' I
preaent a brlef overvlee of the fleld of detogrephy

-aasu&ptlood add 16Portatrce. Second, I esteblish
a conceptuaL fraaetork for totkltrS ltr this area ln
gravltetlonal blology and Preoent the leaults of a

sltruletloo study uslrlg a aet of llfe table para-
oeters for the flour beetle, Trlbollut caataneut.
fhlrd, I brlefly dlscuss the Lal or polnts of the
snelysls and the lopllcetlons of addre66ln8 deoo-
graphlc queatlons ln Sravltatlonel btoloSy.

populatlon obeylng these tules ttlll eventually
.rolre to a steble state r.here both lts Sronth ret€
(also knot.n as the 1ntE1a31c rate of locteese, r)
;nd the proportto[ 10 eech age cleaa (steble age

dtstrlbu;to;) becore con.teot. An exalple of thl'
ls glven ln (f). The stsble trode1 ls hPortant for
beslcally tso teaso[8. Pltst' lt enab].ea oDe to
lnterrelete and coopare qualltetlv€1y dlfferent
unlts (survlval, ferttltty and d€veloPDeDt) through
the lnttlnslc rete of locreaae. Seeotrd, iore cou-
pllcated 6sPects of the populatlon renesel Proceta
;ell be better understood rlth reference to thls

Another concept ltt deDosrePhy rhlch has dllect
relevance to Srsvltatlonsl bloloSy ts thet of deoo_

8raphlc equlv;lence. Tltls cotrcePt' 'rs lttroduced
ty Coale (2) st.te6, 'A dlfference 10 uortallty Ia
coneldered equal to a dlfference 1o fertlllty tf
the two cause an equal chetge ln the lntrloslc
rate of locreese of a populatlon." The reaeon
thls concept la hPortant to Srevltetlooal bl oloSy
ls thst there aae dlfferences both ln deSree and

ln hlnd ltl ho!, ao organlsi reaPooda to hyper- va

hypo-revlt.tlonal ftelde (5). For exarple' lt l'
conceivable thet an organlsr exlsts thtch, lf thelr
populatloos sere exPooed to a 28 fleld, eould
-xlerlence heavy ortallty. But those r,hlch att8lo
naiurl.ty ray reProduce ooroa11y. on the other hand

tf a populetloo of thl6 sar organls r.as exposed

to a .58 fleld, their leProductloa Eay suffer but
thelr oortellty day reoaln unaffected. 1fte Polot
here la thet the lntrlnSlc rate of lflcaeaae of the
populetlons tray b€ ldeotlcal ln both caaes but for
qulte dlfferent reasona. Populetlon Srorrth late
ls the unlfylng prlnclple over the 8ravltetlonal
spectrur ln thia conteit.

BACI(GRO{'ND
The fouodatlon of quentltatlve debogrePhy tg

the stable populatloo llodel set forth by Lotke
(4). The agsuoptlooa of thls rcdel are: l) the
populetlon ls closed (no !l8ratton); 2) each ser
ls dealt rrlth lndependently of the other (feorle
sex trorxelly addr€ssed); and 3) btrth end deeth
retea are conatanE. The oodel deEonatretes that a

lAlso, craduate Gt6rp tn Delography, UDleerslty of
Cellforrla, Berkeley 94720

ANALYSIS AND DISCUSSIOI{
The conceptual reletlotrshlp bet{een 6ccelera-

tlon fteld aod th€ tntllnslc rate of lncreaae of
or8onlsns exposed to these ftelds la tlvett lo
Flg, l. Several asPeets of thts SraPh Derit co!-
Ee[t. flrst, I aasuoe that the lntrlnalc tete
of Increaae for all olSanlsos' u[aelected for troa-
earth gravltetloosl tolelance, ls at a treilru[ at
la. Thts ls llttle evldence or readoa to thlEk
that thts ls not the ceoe.

second, the intrlnalc rate of lncrease can
be u6ed aa a quaatltatlve oeagute of fitness ot
edaptetlotr for or8anlsEs subject€d to dlffereot
g-ftelda. It ls a comnly used reaaule of fltneds
ln populetlon getetlcs and eeolutlonery bloloty
because lt la a collectlve eaaure of an orSanlgors
llfe hi.stoEy tr.lts. A tratt strlch la pre-edaptLve
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Several generellzatloos can be dade based on
these reaults. Flret, reduclng survlval ln e par-
tlcular pre-adu1t stage tends to decaeas€ the
percent of the populatloo ln the subsequent stdge
to a ouch Sreater degree than the perc€nt ln the
atage rrhose snrvlvel waa reduced. Futthentrore,
rrhlch stage galns the lergest percent of the toiel
rhen pre-edult survlval le manlpulated ls seldoo
B ttelghtfottraEd.

Second, increaaing adult oortellty actually
lncreaaes the proportlon of adults h the popula-
tlon relatlve to the unconstrelned case. Thls I'es
not €xpected. Horever, the explanetlon for thls
phenonenon la as follor.B. Although the dlrect
effect of lncreaslng sdult oortallty Is to oake the
populstloo Dore youthful, the indlrecE effect ls to
reduce populatloo grosth rete thus "age" the popu-
latlon. In terD6 of populetlon age atructure, the
"e81ng' effect of elower grorrth rate overrlded lhe
dlrect effect of lncreesed adult oortallty.

Thtrd, reducloS grosth rate by decreaalng
fecundity h6s a slople and dlrect effect on popula-
!1oo age structure. Uos! of the populetlon shlfts
to the older stegeg (pupal aod adult),

(-,

TAELE

Llfe HIstory
Trslt Reduced

No reductlon
888 survtv6I
Laaval aurvlvel
Pupal survl.eel
Adult aurvlval
Fecundity

b€t9een
Populetlon

ACCALERAIION FI€LO

DlagEe@6tlc relatlonshlp
accelersttorl fteld and
grotrth rete.

[. Result6 of changlnS dlfferent life history
peraoeters ln T, castaneuE populetlons on
thet r stable e -t age-?-ll-ElT5i t r on .

UAJOR POINTS OF ANALYSIS
Three nejor polntB eDerge fron thls

exaolnatlor. fl16t, the effects of dlfferentgtavltatlonal flelds have lotultlve eff€cts on
populatloo grocth rate but, due to the lntrlnElc
propertlea of populatlon renewal proceaa, Day have
couoter-lntuitlve effecte on populatlon age
6tructure. Second, gtavlty r11l affect 611 phy-
alologlcal systeos of ao organldln slEulteneously
but (by deftnitlon) 1n qualttattvety dlffereot
way8. Quelttatlve dlfferences cennot by Deenlflg-fully coopared outslde of a dermgraphlc cootexi.
&!gl, populettor enalysls ln Sravttatlooal bi.o1o8y
repreaents the lotemedlate atep betseen the phy-
slologlcal and the evolutlonary. Indlvlduals aae
aelected for but populatloos evolve.
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ln a hypo-gravltetlonal envlronoent Eay be oel-
adeptlve ln a hyper-gravltatlonal envlro;oeot. And
vlce-versg,
. - Thlrd, e cooceptuel fraoerork such ad thls nayhelp rorkera ,.o grevltatlonel bl.ology focus nore6harply on the be6lc questlons of whii conatltutee
e pre-adaptlve or e oa1-adeptLve tr6it io organlsEsrether then atteoptlng to randoDly 

"".".i ,"ny
apecles over a l.lde verlety of conalltlone, for
exaaple, lt has been suggesled lhat a terrestrlal
orSanlsE best adepted for eoveneot ln a selghtleas
eovlronoent sould be shaped aa a 6ort of 6ero_
dyoaDtc f18h. Of course, oo such enlDal exlsts bu!by abdtrectlng the question one can oake the gen_erallzatloo that i'iogs ar€ probebly oal-adaptlvi towelghtlesa envLronoeots. I eE certaln thet rtthoore thought a.ld experio€ntetloo slollar Senerall_zetlono could be oade on other ltfe htatoiy tratteirhlch affect survlval end reproductlo4 tn dttferentg-flelds,

To exaolne ho$ dlff€rent gravltatlonal flelals
aLghE effect the ate dlstrlbution of populerlons I
coflducted the follol.tng cooputer etoulatlon study
con6lstlng of tno perls, FlEst, I obtatned thel1fe table values for the flour beetle, T. castao_eun, froo e prevlousty publtshed stuay- (l)-;d
cooputed the Intrln6lc rate of lncrea;e anal thefractlon ln each stege (egg, larvae, pupae, adult)tf rhe populatlon nas grorrlng at rhlj itx;d rate:
Second, 1 separetely aeduced l-of-s factor6 froo
thle orlgtoal llfe table (egg, larval, pupel andedult aurvivel; edult fecundtty) until the tntrln_alc rete of lncreaae t.ea zero for eech cese, Thla
level represents a atatlonary populatlon. I then
coEputed the percent of the total populaclon tn
each stage. lte results of thfe stuay are glven
ln Teble l.



SCALINO OF I{EIA3OLIC RATE ON BODY MASS IN SI,IALL U$OIALS AT 2.0 9

Nel1o Pace eod Arthur H. Snlth

Ualverslty of Callfornte, Berkeley 94720, and Devl6 95616, USA

Ile have r€cently advanced the hypotheala that
the c1a661c Klelber namallan allonetrlc relatlotr-
shlp between Detabollc rate (lm) and lotal body
Da66 (TBM),

HR,kcal.hr-1 - 2.82(TBH,k8)0'756, r = 0,998,

should be eltered by changes iD Sravltational load-
1n8 (9,10). }Je postulate that augnentatlon of
gravltatlonel 1oedlng, as 1D chronlc ceatrlfuSatiotr,
ahoul.d produce an lacrease h both the positl.onlng
constatrt and the expooent. whlle abateDent of Srav-
ltattonal loadiag, es in spacefllght, should lesult
1lr e decreaa€ ld both.

It has been shoirD by other lflveatigators that
the oryten consuDptlon rate (2,5), daily nalnten-
ance feed lequlre[ent (12), ed thyroxlne blood
levels (4) are locreased after a EuEber of days of
chronic centrlfugatlon. The lnclea6e 1o the6e
phy61olo8lca1 paraoeters clearly indlcates that
6uSmeatatlon of oolEal gravltatlonal loadLnS results
i,tr en locreese 1n Detebollc rate.

It should be polnted out, hopever, that rrhe[
aolrlals ale flrst sublected to chronlc centrlfuga-
tlon a trensltory anorexla (1,4,6,13) eod depressed
body teoperature (3,4,7) occur whlch last 2-10 days
dependinS upoa age and specles of the aoioel a6 well
as the oaset rate alrd leve1 of acceleration lDposed.
Thus, coDparlsons of loog-term effects of lacreased
gravLtatlooal 1oad1o8 on steady-6tate netabolic
eoergy requl!€eents 6re probably best nade at Least
2 eeeks after reachlng the au$rcnted loadlng level
by Etages, ALthough the tren6ltory effects are re-
velaed lrlthln several day6, the anlEals are left
wlth aa appreclabLe body mass decrement whlch per-
slat6 for Eonths a6 long as the augruented loaditrg
ls tuposed (4,11,13),

PROCEDI'R!S
We have prevloualy descrl.bed a 4-species enlral

oodel fo! study of metabollc 6cale effects whlch
plovldeo a body Daes range of 0.1 to 4.0 kg, con-
prlslog 5 each netabollce1ly roature haDstels, lats,
8u1nea plSB ead rabblts. Mea6ureDent of lndlvldual
oetabollc rates under staadard condl!lons yields the
Klelber a]looetrlc relatlonshlp ldlth approprlate
accuracy (9). We heve noir used thl6 oodel ln a
pEellolnary te6t of oul hypothesl6 that doubltng
Sravltatlonal loadlng by chronlc centlifugatlon at
2.0 9 should ploduce an lncreaae in the values of
the posltlool.nt constaat aod exponent of the Xlelber
equatlon.

An open-clrcult Detaboll.c apperatus eas deslgDed
auch that 6 ludlvlduel netabolic chaobers were
eouated lllth one degree of freedon at a ladius of
2.7 o on a 1er8e ce[tr1fuge. The apparatus perroits
conllnuous DeasureDent of oxygen consuDption rate
(V02) of enlloals occupying the ch€Dbers uhile the
centrifuSe 1a runnlng. Indlvldual cages sinllar to
slandard vlvariuD cages, wlth provlsion for feed ancl
water, were also Eounted at the sa&e radius to house
the anfuaIs between tO2 oea6ureDents.

Male aElmal.s 8 Eonths of age eere procured from
coErnerclal breeders aod, after a rreek of stabll-
izatl.on ln the vlvarluo, tO2 was Eeasured ln the
statiooary cefltrifuge Detabollc chamberg fo! 6 hr.
The Dean of the 2 lorrest hourl.y values ,as takeo
to represeat Detabollc rete at 1.0 g. The anioals
97ere transfetred to the centrlfuge houslng cages,
and rotatlon was begun aL 1.5 g toE at Ieast a reek
before 8oln8 to 2.O g. Once a neek the centrlfuSe
\ras stopped briefly to welgh the animals, tlansfer
them to the netabollc cha[bers end reauning lotation
for 6 hr to neesuae VO2. The centrlfug€ uas stopped
a second tlEe to return the anlnals to the houslng
cages, and rotatlon s,as resuned.

R.EST'I-TS

Results of the experl-Eent wlth 10 rabblts are
6horrn in Fi8. 1. l,Ietabollc rate ,as signlficantly
lncreased at 2.0 g, and stablllzed after 2 weeks.
Total body mass exhiblted a slgnlflcant decrement
of about 10: wlthld the flrst rreek at 1.5 g, ehtch
persl8ted for the folloelng 8 rreeks of the expell-
dent, Metabollc lntenslty was 6lgnlflcently lrr-
creased by about 362 over the 1.0 g value after 2
weeks at 2.0 g. It should be noted that the stand-
ard errors of the r0ean6 for both total body nass
and Detabollc Lnte[slty $ere very nearly equal to
the he18ht of the synbols ln Flg. 1.
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Flg.-1-. Effect of chronlc 2.0 g on Detabolic rate,total body Eass and letabollc inlenslty ln rabbiti.
Sieilar tesults were obtalned wlth all 4 specles,

and a coEparlson of the Eeao values of metabolic
ltrteoslty at 1.0 g rrlth those Deasured aflet 2_4
weeks at 2.0-g 1s show[ 1tl Fi8. 2. Ihe hangters,lats and rabblts exhlblted highly signiflcant in_
creasea (P <.001) in metabollc tntenstty at 2,O g,
whl1e the gulnea plgs shoeed only . ,".ifoaf:.y "'
sigulflcant increase (p <.10) because of consider_able varlabillty 1n the oeasuteDents. The gulnea
-p18s 

elso dlsplayed a greater decreDeDt in total
body Das6 conpared wlth the decreoeDt obsenred lnthe other 3 species. Statlstlcal analysts of the
Percentage changes lE Detabolic lntensity revealed

6
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a slSnlflcant correlatlon of the lncteaEe In roeta-
bol1c intenslry with body slze, lndicatlng tha! the
1alger the an1mal the greater the itrcrease In meta-
bo1lc lotenslty at 2.0 9 coDpared wlth 1.0 9.

requlreneots. Ihus, re coatiaue to predlct that
abalenent of gravltatlorlal loadlng 1n spacefllght
w111 result ln a lowerlng of both allonetrlc
paraneters In the Kleiber equatlon.
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DISCUSSION
Allometrlc analysis of the metabolic rate data

aa e fuoctlon of total body mass was carrled out
for all 43 anlmals l,lth the fo11olring resul!

MRr 
- 0,, kcat . hr-l =1.16(rBM,ke)0'679,r=0.983

mr.O],tcar.nr-l = 3.66(rBM,kg)0'732, r = 0.99t

Atra1y8i6 of covallance (14) revealed that the posl-
tLonlng con6tants are signiflcantly dlfferent at
P <0,001 and the exponenta at p = 0.038. Thus, the
results conflrE oui hypothesls that both palaoeters
should be greater at 2.0 9 than at 1.0 g.

Whl1e the flrdlngs wele gratlfying 1n ofle sense,
they eere dtsturblng ln that the absolute values of
the 1.0 g alloDetric parludeters dld not agree \rith
the elassic Klelber paraneters. Reappralsa1 of lhe
centrlfuSe experlnent condltlons levealed that
LhrouSh a Eisunders tand lng the aDbient te[peratures
at l,rhlch the V02 measureoents were oade iras 25:Lt'C
for all 4 6pecles. ln anothea pape! at thls Deetl!8
(8) r'e showed that the Ueiber elloeetrlc relatlon-
shlp between netabollc rate and body tuass 1s signlf-
icantly perturbed a6 teoperature cotldltlons depart
frou the thernoDeutral zooe of 2911"C, and that for
our 4-6pecies loode1 at 24"C it becones

MRro.a,kcal.hr-I = :.S1(rgu,ke)o'676, . = 0.987,
a reault quite siEllar to that obtalned froD our
centrifuge an1rnals at 1.0 g. Accordingly, ee cor-
rected out 2.0 g netabollc rate values by the saoe
factors requlred to Edjust the 1.0 g Detabolic rate
vaLues to the nornal XleLbe! therDoaeutEal values,
and perforDed atrothea alloDetrlc analysls to yleld

B)0.813, r - 0.993.MR2.Oa,kca1.hr - = 3.30(TBM,kt

Analysls of covariance shorred that the posltlooltl8
consta[t at 2.0 t ls lncreased by 172 fron that at
1.0 9 at the P ..001 Level, and the exponeot is irr-
creased by 8l at the P - 0.008 leve1.

These flndlogs lead us to cooclude thet augnelt_
ed travltatlonal loadlnS does lndeed shlft the allo-
oettlc relatl.otrsh1p betgeeo Detabolic late atrd body
size by aD increase ln both alloEetric pareneters'
and that thetefore Sravltatlonal loadln8 1s atl lG-
portent contrlbutor to Eamalian oetabollc etrergy
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TIIE EFSDCT O} }TTPERGRAVITATIOX Otr NUCIDIC ACID ISI.AAOIISI IN TEE RAT IIVER

v. !. x.{KEEVA, I. A. EGOROV

3akh Institute of Blochenlstry' USSR AoadoEy of Scisncea
Uoacof,, USSR

INTRODUCIION
LLver 1s the subJect of nsrJr inves-

tlgetlon rlth tbe pur?o8e of studyirg tbe
effect of va!1oua pbyslo1o81ca1 &nal pato-
loglcalfaotors.It 18 a! orgsr rltb t[aqy
functioDB, rblotr play8 a leaallDg role 1E
metabolio prooeases la namallan orga.rlan.
Dev€lopraat snd functlonlrg of llver
beglna early iu eEbryogenaslB. ?roc€ssss
deieloppln6 lD nuclelc aciale are the ba-
sls of such lEpoltant sldeE of ceII acti-
vity as prcIlferatioE, tlssue end ceI1
dlffereltlatlon. Tbusr tbers are leasoDs
to suppose, tbat dlsorders ln [ua191c
aaid. metaboli@ und,e! the effect of Ya-
rious orlxBEal factora, hcluaiiDg hyPer-
g?avltatioE, can play an imDotent rol€ 1n
ihe recbardma of tbe treasfer of Selxetlc
iDf o r:mat 1ou.

the purpose of the pr€seDt stualy ,as
to lnvoatltate the effect of hrpeltlaYl-
tatlon 2g on RllA-syrlhetic systen of rat
liver aral tbe oonte[t of luclelc eclds 1n
thls tlssue.

UETUODS
Ieraels lYlsta! rata about 3OO I body

yyeiabt, were useal. kpersnental an1Ea18
(I0 rats) durj.ng gestation dalr8 14 thlot€b
2I f,ere ceDtrLfr€ed at 2 t. syncbro[ous
coDtroL ardEals (5 rats) wele h€ld
durlDg the experlEent 1n ona roou t:itb
the experenental !ats. 5-I0 hours late!
after the exp6!1eeut xas coEplsteal the
rata r€re alecapltatdd and 1lve! of adult
arl8ala ard thelr 2l-alay fetuBes tag
taken for lnYestlgatloD.

Rat Ilver Duclel rsre lsolateal T-lth
bJrpertonlc Bucro8e by lvldnell ald Tata
(I).Ths purity of nuclel ras controlsd
u*ler tdctoscope. Part of the nuolsl ras
uaeal to detamire nIA syDthesis ( tral3-
crlptlon). tbe rest of the luctel rer€
useil to get solubLllBatld enzlrne RNA
polJ'nerase (2). RIA synthesls i.n nuclel
end anzjxne actlvlty vere n€aaured by lD-
qorporatloD of rarloactlve precursor
-H-Um ir acid-lDso1uble product of RnA-
polJmelase reection. fhe content of auc-lelc acids in tlssue ras asaayed by the
Detboat of Blob€I a.Ed Potter (3) and ex-
prsssr€d 1t ry/g ret rsltbt of ttsau€.

RXSI'IT S
Isolateal nuclel is a convsDlgnt no-

deI to LBresttate tho RtrA-syathetlo
systsD of no@iua,D ca1lB. luclelr lsolat-
ed. fron tha tlE6uc of rat llvorr fo! a
c€rtalD. tture reta1r tbe abI11ty of sJrDF
theslsiDg RFA identlcel to tho oDe Elm-
tleslgsal lu viYo.

R€su1ts of the 1avestl8at1o! of Rl{A
synthesls 1B rat llve! t1uc1€l ara sbottr
lt1 Tablo I.

IIBLI I. Tbe effeot of bJryer8laYlta-
tio! on RNA PolJrEerass actl-
vlty ard traDscrlPtlon ln
rat l1ver nuolel ( C!U./ a
of xltra) .

lAe Group
lranEcriD-
t ioD.

coutrole lI.8l3.r 204111
Adult

control n.9!r.4 r77!2o
2I-day
fetuses

Exp€ ri-
Iaent 32.zh.r r8z*9

It denoustlataa that traraorlptlonal ac-tlvlty of Zl-ilay fetuaea ras verlr cloa.
1n expellnental ar,al control anl-Ea1s. Fo
chslges r€r€ alao notloeal 1n R![A sJmthaslsitl tucLeL lBoleted fro! th8 1lver of adult
rats 1n conilltloDa of chargeil gravltetlolx.

RNA polJrE€rase plaJB an l-Eporta,atrole ln r€gulatlor the syntbesl. of dlffs-
reDt tJrpes of RFA froE DnA tenplats. Tbe
aotlvitJt of thls oazltEs oan obange coaal-ilerably ilep€natl.g oD- dlff ertnt pEyslol,ogl-
caI a!.d. pathologlosl oodlltloac. iabl,c I
shors RFA polJr[elase actlvlty 1u adultrata al1d their fetu6er. It deoongtrateg

RIA polyE6-
laae
actlvity
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tbat a trofold iDoreBae of a gravlty fl-eld (oonpered to the Earth lsiet) dial Dot
cbalge the aotl],lty of soLubillsa,ted.
enzJBe LI1 adult rate and tholr 2l:day fe-
tua6s.

Th. saludy of trar,scrlptloD a!.d m4-
polJrueraae Botlvlty la rat llver of both
aalul.t rats aad 2l-day fetuses sho?ed that
ther€ rer€ no chaages 1tr theae syateng.
Tbcrefore, these EJrsteEs rer€ aufftcletrt-Iy reaista!.t to bJrI)ergrayLty effEct.It ls raU borrx that the DtrA coa-csntlatlo! fu 1txallyl.8lb1e ceIls 1a a coD-
staJct. tbs leyeL of Dtr nlly beooDs hlt!3r
aa the !e8u1t of 1ta {nclea6ed iJrnthe8ls,
tbl'ob uaua1ly happeDs before nltose.tabL6
2 ghorg the concantratlon of DtrA aud nIlA
1n ll.ve! tlssue.

p3ltoal (4). Pubusheal alata l.Edlcata that
the Duober of oells, sJratheElBlrg DNAi
con.slalerably lncreaaeal ln 11ver of 2I-
ilay fetuses( 5).

BhuE, rs lnvestLget€d Duoleio aol.als
EetaboLl'e ln e v6r? laporta,ut porlod of
cs1l activlty- ln th€ p6!1od. of aotlvo
sJmthesls of DIA b6for.e Eltose.

Tbe pr€seDt study Ehor that \yDertra-vlty 2g alid not Bffeat the conteni- of*DNA
enal RN.A, iD rat 11v6r tlsaue of eaiult ard2l-ilay fetuseE. RNA-polJrDeraae syateE 1nrat Llyer res algo rrslstaut to ibo effectof er$ore to h$4lergravltat 1on. The rl8u1tindlcate that no chanSe s n€re Dotlceal ln
RNA sJmthesis and nNl-pollmerase aotivltyof adult rats aDd 2l-tlay fetuses. The geie
e-rpreaaion roalr be r€tulated by the enztrB
RNA polJrn€rase f,hicb- traDsc rlf,e the iniolr-netion dlrectly from tb,e gsnons. Its acti-vlty ln viyo la tnlorn to dhaage ulder va-rloug coDdltj.on. The fact that ao changoBrere notloed 1n the aotlvlty ol thls ei-
zJrEe in ou! erperlDsnt aUois to conclualethat expoEur€ to 28 caruot disturb Eole-oular Doohanl'ma of the geae erpreaalo!
lD, the [otboFfetus systsE.
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T.ABLE 2. CoDc€ntratl.o! of nuololc acld
iE ret l1ver tlsauo(ry/e ot tlssue) .

contI.ol r5. rlo. T ).5!o.4 4.6
AduLt

Erperl-
ment

r5.5t0.4 3.7!o.2 4.5

Thg da.ta deDoDatrate tbat a tf,ofolal
lacreaae of tb.e- trayltation (coBper€d to
the Eartb lerGl) dld D.ot affeot the oortelt of nuclalc acids 1n tbe llver of
aduLt retg l.al 2I day fetuses.Thua, RIA
contsnt (nglg of tlssue) was yery aloss
1n experlnentel aJld coDtrol adult rats.
Rl{l ooatetrt 1n 2l-day exerlDental aJ l oon-
trol fetuaes dld not allffel 61ther. DllA
contotxt 1n tbe 11ver of experfueltel and
co[tro1 adult rats unde! the effect of
h0rDergravitation ;aa t[uch the eaae. It
shoud bs Botod that the Rl[.d//Drl :Etlo ln
exp€rl"ogntal atral ooatrol 2l-day fetuses
aleorcaaed (aLnogt txofold), r,blcb llxdlca-
tes th6 chaDgea of auolearlcytopla@lo
ratloa lD. a ceLl. thls 1lcrease of lndex
1tr tetuges ea ooEpargil to adult aDLDa"Ls
1s cauaeal by lorer oo]lceBtlatloD of RxA
ap,i bi8her coDcentrarloD of Dl[A lD l1ver
o€IIs durlDa prenatal period. These r€E-
ults era J.a gooil a€leenoDt rtth the data
of othe! authors' tho [oted a Io?er
RIl./DNl. ratlo 1[ tlssues alurLDg fetal
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IS TFERE AN ORIENTATION OF TFE NUCLEI IN MICROPLASMODTA
OF PHYSARUM POLYCEPHALUM?

V. Sobick, W. Briegleb and I. Block

lmtitute for Aerospace Medicine, DFVLR
D-5000 Kiiln, F,R.G.

NTRODUCTTON
Grsvity is eting on ccllg in two ways which se olily

psrtiElly kmwn and irwestigated!

a) The nDst evident gravity effects 6re irdirect o
secondary mes. They are caused in the fotlowinq way:
Gravity interacB with any mass of an crganism. This
results in weights of the different mssses. The weight
of each mass of the ssme kind like blood, bmes and
muscleg is bansformed into \ectorial fcaces ard
hydostatic pl€ssures. These faces and pr€ssures -
and mt gravity itself - are influencirq the single cell
from qrtside. Sometimes cells are more or less free of
srch mechanical stresses; e.9. cells of the cannecting
tissrE if they are positioned at the real upper side of
an organism with respect to the direction of grsvity o
all cells of a sLbme.sed og€nism. Tertiay effects
have to be &firEd if Econdary effects rclease a
lumoral c rErvous signal chain befoe the firEl
reaction takes place.

b) Direct o. prime.y qravity effects theo.eticslly ee
always present fo each cell. ln this case gravity is
interactirE with masses l@6ted irEide the c€ll.

These inffuences (a and b) leEd to mixed sigrBls the
origin of which (a cr b) cannot be discriminated by testirE
orqan reactions alme or single cells within their tissue.

Mssses for direct or primary perception may be nuclei,
rucleoli, condensed chromosomea and mitochoodria. The
lo^, &nsity fld snall size of these cell particles {e
making it difficult to &cide on theil pcsible function as
primry ecelerstion r?ceptors (1r 2, r). On olr fast
rotatirE climstats (4, 5) we fornd some irdications of
direct grsvity effects; e.g. Sobick (5) foJnd a shortenirE
of mitosis in the slime rmld Physarum polycephslum.

Physarum is a giant c€ll f@mirE a flat network with
diarneters of up to one meter. [t resembles a rEtwork of
flo,./irE hot msgma with a closed front zorre and a typical
rEtwork b€hird that front. Fot the flowirE mqma tie
pattern is paltly determirEd by gravity. [n the case of
Physerum, however, we 6 rpt kmw how differentiatioo
takes plsce gld if gravity is playirq a role at all, Does
Physa!um, or migrating cells during the ernbryogenesis of
higher orqanisms, ue gravity a! a r€ference signal fo
orientatioo? lf this prcves right, a reference pattern
irEide the cell must exist (7). In gecial cases we can
observe polar a qientated structures (e.9. pl6nt
amyloplasts) pcaibly belmgirE to this trypothetic
refeterrce system. Todd (8) observed the ooientation of the
mitotic spindles in mammalian tissue cultoe cells. He did
mt fird gly regularities.

DLr'irE ojr work with Physorum we observed that
rucleoI show a typical polal arrangement st the periphery
of the slime nEld,s ruclei rp to fotr lpurs befoe mitosis
staltg. This craogement should theoretically lead to a
cork- turnbler .eaction of the ruclei (9). In faci, the ruclei
are r€vealirB et orientation at that stage, but at fi.st
sight it is independont of gravity.

This paper &monstrates the oientation befrsviq of

the Physsrum ruclei and desctibes the first efforts made
to analyge the phenomenon.

METHODS
Microplasmodia, a special qtowing type of the slime

mold Physarum polycephalum, were qrown in sluttle
cultLres (10). We used a special microchamber in which
the microplasmodia were slightly pr€ssed (6). After an
adaptation time they differenti8te into flat active forms
of up to 208.!m, which can be observed in vivo by light
microscopy, tn good preparations the peripheral nucleoli
within the ruclei c6n be observed for several hours
(Figure).

Fiqu'e Flattened microplasmodium within the microcham-
ber shows nuclei with peripheral nucleoli. Bar .e-
presents 10,!m.

- Fo. decoupling the ruclei from a hypotlEtic cytoskele-
ttrr and fo inducing a posgible cork-tumble. resction
we usd different concentrations of benzamide (up to
100 mM) in Fhosphate tuffer (I5 mM) (11).

- Vertical, horizontal and climstat light microscopes
together with video cameras 8rd video timelapse
registration were available. The climstat (horizontal)
mictoscope could provided fo inverse illumination
capsbility.

RESULTs
The results were obtairEd in three types of light mictos-
copes differirq in their aientation towards glavity:
normal vertical (condition l) microscope, tDrizontal
(conditim 2) rld faet elirpstat (85 rpm; condition l)
microscope. Urder these three conditions we observed
two cientation r€actions of the ruclei of physarum
polycef,halum:

a) AboJt two hours after mitosis, the rucleoli move frcm
their central pGitiqt close to the ruclear envelope. LJp
to pmphase, the rucleoli ae t6ned away from the
irEident light. i.e. they e directed t;wards the
observer. Durirq the first llou.s of this orientation the
nuclei ae showing two ki.ds of movements:
- Tumbling movements were brought about by turng

around their center. The period length of the
tumbling is 20-4O seconds. The 6ngle of tumbling is
70-90 degrees, Durirq abort qre hour me of Z0
nuclei will make a ldo degree turn. Few mirutes or
few hours befce mitosis the tumbling movements
stop (used condition l, 2, l).

The PhysioloSist, Vol. 26, No. 6, SuDpl., l98l s-129
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- Nuclei frequently show lirEar rnovements in all
directions dlrirE their life time hlt seldom dl.ing
mitosis (u€d condition 1,2, l).

Tho Oientation of the eccent.ic rucleoli into me
direction is indicated by:
- The impreseioo gairEd drring the obGervation of

series of resl time or timelapsed pictoes.
- The .epeated observation of different f@sl planes

of the ruclei in the microscope reveals the p@ition
of the rucleoli. We ae sure that an optical illu6ion
is rEt involved.

b) A second type of an orie.ttation reaction is fteqL/ently
stDwn by the daughter ruclei gme rri rutrs after
mitosis. In this phase the rucleoli are reconshucted
from irregularly dist.ibuted dense qanular material.
This makes it pGsible to obser ve tu.nirq movemerits
of the ruclei with axes parallel to the light beam; the
impressim is similar to that of movirq tlothed wheels
in a clock work (used condition 12, l).

We realized three grcups of polsl influences eting
parallel to the optical axis of the microscope and bied
to fird oJt which of these influences might lEve
caused the observed orientationl

a) The microplasrnodia preparations a.e sligh y
pr€ssed between the two plane-parallel walls of the
miclocharnba orientsted perpendicular to the mi-
crosclpe's light beam. This pcsibly forces at
orientation 6t the ruclei, However, we prevented
sr-rh orientated arangement by usirig thicker pr€-
parations where the ruclei were free to fmve
parallel to the light beam (ued condition 1,2, I).

b) For t}e viability of the microplasmodia it is
necessary that me wall of the mic.ochamb€i.
consigts of a rutrient ag6! plate. This ircludes a
polarity of the sffaces of the bro plates
(agar/ glass), ChangirE these chemical and stnface
polaritia h6s no effect on the oientation reaction
(used c-ondition 1,2).

c) OrE can think of light as a furthe. polar stimulus.
We tested two conditions to prcve an qientsted
light reaction of the rucleir

- Omnidbectional tEmogeneity of tie stimuli
(irnludirg darkress).

- lnversion of the direction of the irEident light.

The first clndition is fulfilled if there is oc illumina-
tion. OrE gtEuld epect that the orientation of the ruclei
becomes a random cne hrt thk was mt the case.
Surprisirgly we got the same result with ruclei revealing
lirEar shittirE but m tunblirq npvement (used
condition l, 2),

In tryirq to fulfil the second conditim we irwoluntarily
offered the first me 4ain. When the light beam was
irryersed by way of a special mirror system d different
wave lengths (450-510 rvn) were ued, we forM rc
inffuence m the aigirEl otieotation of *re ruclei (ued
condition 1,2). This may be caused by a diffusirE liqht
reflection of the relative thick agar plate (2,5 mm) which
is rEw qr the othe. side of the object r€lstive to the
irEi&nt light. So the microplasmodia ee illuminsted by
the dhect {|d reflected liqht. This again repr€sents
condition rumber me. Preparstions without a thick 4ar
plate were mt sEcessful. We swpect fibrilar structu'es
(cytoskeleton) to fix the ruclei so avoidirg the expected
cork-turnbler r€action. We hied to decouple tie ruclei
usirE the depolym izirq slbstance benzamide. We could
mt find 8 clear r€action 4airBt b€nz amide even in high
concentrations.

DISCUSSION
It is well krDwn that the orientated growth of plants

depends m light and gravity. The polar structtfe of the
Physa.um ruclei and their qientation indicate that the
same mechanisms ore involved. Solving this problem might
enable us to get some krDwledge of a gene.al gravisensi-
tivity of cells. At present we cannot prove the observed
orientation to be a light - or a grEvireaction. Despite that
it is difficult to think of other stimuli. If light is involved,
the cell, after a fi.st stimulus, would fix ttE orientatioo
of it9 ruclei dle to an irherent aeference pattern which
domirEtes the regulation of the orifitation at least until
the rExt mitosis. Simultaneously such s hypothetic regula-
tory system may be foced to compensate the influence of
gravity. This can be concluded f.om aientation leactions
of the ruclei on the three types of microscopes used.
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THE EFFECTS OF !'EIGHTLESSNESS ANO INCREASEO GRAVITY
ON HEMOPOIETIC STEI'1 CELLS OF RATS AND MICE

vacak, A. Bartonlakov6, D. Rotkovska, T. v. Hlchurina, E.
and L. V. Sorova

S. Oanaratskaya.
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ABSTRACT. Chsnges in the nunber of hemo-
poietic steri ceIls (CFU-9) were studied
in rats during the resovery and sslactsd
post-recovery days after an 18-day flight
on the bi.osatellite Cosnos 1129, and in
mlc6 after long-tern hyporgravlta t lon
(+ 1.O g). Both changes 1n gravity result
in a dearease in the cFU-s nunber tri.th
subsequent grsdual r€storatj.on of the
CFU-3 pool.
INTRODUCTION

Both hypo- and hypsrgravlty hava been
known to have effects on a wlde variety of
biological and rnedlcal functlons, froo the
cellular to the population 16vels. The 6x-
p6rlments on the bioaatellite Cosnos 936
as well a6 observatlons made rn tgrreStri-
eI laborstories l./ith th€ us€ of hypergrav-
j.tation indicated that many disturbances
caused by changes 1n g dscrease upon re-
turn back to 1.O g (1),

A depreasion of ths rad blood c6ll
formstion ln the bone marrow of mlce ob-
served on post-recovsry days aftsr the
ApolIo 11 misaion (2), as well as the sallle
d€pression obgervsd in rats aft€r their
stay on board tha biosatelli.tes Coemos 605
and Cosrios 782 (3.4) indlcated that fac-
tors assoclated wtth sp6ce flight may

pgpsr ( 5) .
s3r1a1 agct
parod f ron
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5 hrs, 5 days) re
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in hemopoiasls. Slnco the
of perlphsral elenents j,s
a1 proltf6rat 1on and dif-
hencpoj.etlc stan ce1le,
pool of henopoietlc atcm
s marrow rrae analvzed af-
the rats on the bioeatel-
, and after a long-tern
under hypergravlt6 t ion.

p6r day for 5 dayr.
colqny asssy (6) wa!
y ouCo-ganma ir rad la-
nt 9.

RESULTS
After transplantatlon of tha bone mar-

row of ratg on the recovary day fol,Iowing
mean value of
d to be low-
a bone mar-
r an ldant 1-
n rats of th6
dacr6ase 1n

Earth gravity f 1€Id
trifugation 5 hou rs
An Gxogenous 3 p l€sn
used ln the wholebod
ted isogonlc r3cipio

an 18-day stay in spaca, tho
colony count (cFU-s) war foun
6r, both 1n the sploon and th
row (Tablc 1), than that afte
cal anount of bone narrow fro
control group (P < O.O1). The
CFU-s nunber was on avorage 4- to s-fold
for Cosmos 1129 as conpsrod wtth tha syn-
chronous model group. Th€ size of the
cFU-s pool in the femoral bone marrow, wae
asgeSaed on day 12 after trangplantatlon
of a sinllar anount (1,5 x 10o) of bone
marrow nuclgated cells from the coomos
1129 exprrlnont group. The bone narrow
takan on the recovery day gave a lgvcn
tlmes lowor amount of CFU-s, and that of
the 6th post-fl19ht day a four tinos loryer
nuobor of CFU-s, than wae thc level of
CFU-8 of tha gynchronous nodcl group. Ths
drop 1n the bon6 narrow CFU-S numbar ob-
servod ln th9 Co€nos 1129 gxpcrLment can
be caused by a danrage of the rtsn c6IIs,
or by their migrotion from the bone atar-
rou,, or by a decrease in the sssding ef-
flciency of the transplantcd bone marrow,
but th6 sna1l numbar of oxperlnental anl-
nalg nade lt not posslblB to undertako a
nore detail€d analysis of tho changos ob-
aervad.

METHOOS
welghtlessness war achieved by the

stsy of rats of L'listar strain 18 days ln
space on board the blosateIIlte Cosmos
1129 (5), The follonlng groups of aninals
were used: (1), 8n oxperlmsntal group -
a f119ht 9roup, (2), a aynchronous nod61
control group - kopt und6r tha sang con-
ditlong as the exporlnental group, but on
Earth; (3). vivarial control groups -
placed in the conditions of a terrestrlal,
vivarium. Fo
exan lna t to n
od (6) was u
the a ppl lca t
used ar8 das

rt
t he
sed
lon
cri

he homopoi,et lc st€n cell
spleen-colony arsay m6th-

, which wa8 adapted (7) for
. j.n rata. The aasay lygt6Ilg
bed ln dctail ln a'pr6rvlous

hvp
sul
nt
fn
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Table 1 Averags nunbsr of mj,crocolonies of th€ haenopolstic tissua (+ S.E
in the spleen and 1n the fernoral bone na..ow of rat rectptenis of
marrow h3mopoletlc aten ceLLs from rats on the recovery day aft6r
on the blosatell,ita Cosmos 1129

M. ) grown
bo ne
the atay

n=num ber of fcnurs or spleens exanined, o varsuE x, P < O.O1
nucl6sted ceIIs
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HEMATOPOTESIS IN ANT I ORTHOSTAT I C, HYPO(INESIC RATS

c. D, R. Dunn (1), P. c. Johnson (z), and R. D. Lange (3)

(I) tlorthrop Services Inc. & Baylor College of ikdicine, Houston' Tx

i2) riution.i Aeronautics and spice Administratlon, Houston' Tx

iji university of Tennessee flernorial Research center, Knoxville' Tll

f, il::"i::,,'li;,"';"'.', t:i:f.l'#';i:li: 
":i:i;(Pv), and 5lCr-labeled RBC to measure red blood

Rats exposed to antiorthostatic, hypokinesia ieli mass (Rcl"l) (3-)' The 
-disappearance 

of simi-

sfrowJa tne'iottowing effects ,-nl.-fi iii .orpu.- larly labeied cells ,as follored over 3-4 week

ioi"-io 
-in"rJ ,*n i"n man cunint o. iti". siu"" peribas from l,vhich the RBc t1/2 was estimated.

iiiir,ii iiiiit l-"*, .eOr""J foot ino water con- Peripheral blood leukocvte reactivitv !{as

;;;iii;r, irinsieni inffeases in peripheral assessed in PHA-stimulated cultures.
hematocrit and RBc count, o..."iiini- cv "no Giemsa-stained histological prelarations of

reduced reticulocyte count. in- aaaition, ttre bone marrow and spleen rere sc.ored. for differen-
f,lr"iiOi, pSO wai shifted to tfre right. A sig- tial cell counts using conventional criteria'
nifiaant shortening of RBC t1/2 rias only seen
iiie.- ir+"nston. 

- 
changes in leukocvte and REsuLTs

piii"f"i-I".t""t'in susp"enoeo rati-;;i;- .ia; Changes in the . rate 
- 
of '{eight sain during

comoarable to those in man during space flight suspension were similar for .ats weighing eithe'
;;l.i;ii;;r;"" p'ri'i?.r itj,ity -in 

i.ii'ir,o,,"a 
-no 

140_160 sn or 300-350 sm at comencement of the

consistent alteration. trre results-iemonstrate studies. Hithin the first day of suspension,

that this nodel reproduces manv- oi ttre tremato- the rats lost approxinately.6X of their body

i|ii.ii -.riiiii 
oi'spice ftigni iro-r,it poi".- 

',eight 
and failed to regain their normal rate of

iiif -i, u tool in u;derstanoing ihe treralopoi- groith through 7 ddys. . Post-suspension, the con-

"iii ."rpori" to zero gravity. ' irol RATE of weight gain was__rapj_dly .e-attained
but the suspension-induced DEFICIT in xeight {as
not entirely recovered for at least 21 days' The

changes in reight were associated with decreases
in fbod and water consumption during suspension

I NTRODUCTIOI{
Rodents exposed to antiorthostatic, hypokinesia
have proven useful in understanding the muscle
(l) a;d bone (2) iranifestations associated with
itrinqes ln the di rection of the gravity vector
on t[e body. Here we provide descliptive infor-
mation concerning the effect of dntiorthostatic,
hypokinesia on the hematopoietic system of
rits. The data suggest antiorthostatic, hypo-
kinesia produces marked peripheral henatological
effects although it is not yet c'lear xhether
these are a di rect consequence of the al tered
gravity vector, i .e. , anti orthosasi s, of hypo-
iinesia. of both, or are somewhat indirect and

secondary to, for example, the reduced food and

water consumption.

MATERIALS AND IIETHODS

Itale, Sprague-Dawley, rats were used

throughout in groups of at least 5 animals.
Rats were suspended either from the tail or in a

rigid body harn€ss at a head-down angle of
app|oximately 20 degrees. Body weight, and food
and {ater consumption were monitored daily.

Blood sdmples were routinely obtained from
the laterdl tail veins and were processed using
standard hemato'logi cal techni ques for compl ete
blood counts (CBC), reticulocytes, and for the
determination of the oxyhemoglobin dissociation
curve from which the P50 and HiII coefficient
(n) were derived. Radioiron (59Fe) was used to

which rere largely made up post-suspenslon.
Alterations in the hematoloqical responses to

suspension were independent of animal size and

mechanism of suspension. Significant and consis-
tent increases in RBC count (Figure l) and henat-
ocrit {ere seen within the first 1-2 days of sus-
Dension. By the 7th day these parameters iier€ of
similar vdlues to the controls. llcv (Figure l)
shored a steady decline throughout suspension and

even into the first l-2 days of "recovery". How-

ever, hemoglobin concentration (Figure 1) did not
change significantly during suspension because
MCH decreased from 24.9+1.1 to 21.8+0'6 pg.
Reticulocytes rJe.e moderaTely suppressed during
suspension and the P50 vras "shifted to the right"
fro,n 39.0+0.5 m Hg to 41.0+0.1 mn H9. Post-sus-
pension, The hematocrit, RfC count, and hemoglo-
bin concentration riere significantly below pre-
suspension values for variable periods of time
and a reticulocytosis was observed on the 3-4
"recovery" day. Preliminary data indicate a

reduction in blood volune, plasma volume, and RCM

durinq suspension. The disappearance rate of
5lcr-iauelea RBc was reduced during suspension.
Post-suspension, the RBC were cleared more
rapidly than nornal whether the cells remained in
the previously-suspended rats or were transferred
to normal animal s.

The number of peripheral blood lymphocytes
was variably suppressed during suspension and no

consistent effects rere observed on their in
vitro sensitivity to PHA. Granulocytes and
platelets shoned no change in concentration dur-
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sion decrease in RBC count, hematocrit, and
hemoglobin concentration, Similar to man after
space flight, post-suspension rats show a sig-
nificant leukocytosis but, unlike nan, this is
not associated yr.ith any consistent change in the
in vitro lymphocyte reactivity to pHA. platelet
counts appear to remain unchanged in both anti-
orthostatic, hypokinesic rats as well as in man
fol I owi ng space fl i ght.

The present ddta suggest that changes ingravity vector, even in an animal such as
rat wjth only a small henodynamic aradient,produce si gn i fi cant hematological effects.
reflains to be detennined whether these changes
are specific sequalae of altered gravitational
forces, reveal i ng some previously-unrecognized
regulatory mechanisms, or are secondary to the
henoconcent rati on -p roduci n9 cephaled fluid
shift, or are non-specific effects of either the
.educed food and water consumption, or of therelative inactivity. All of these factors have
been implicated in the etiology of the so-called
"Anemia of Space Flight" in man (5),
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Figure l. Changes in sone erythroid characte.-
istics of rats during suspension.
l'lean + SEli'|. *P<0.05 from control
val ues-represented by shaded areas.

ing suspension. post-suspension, a moderdte
granulocytosis and lymphocytosis were noted.
Eone marrow cellularity and spleen weight lrere
both reduced durinq suspension. A decrease in
bone marrow erythroid elements and an increasein large lynphocytes in the spleen were seen.

DISCUSSIO:
Significant hematological data during and/or

after space fl ight are only avai lable aor rats
(4) and nan (5). The data noyi presented offer
aninteresting insight into lrhat may be expected
when comparable data are available from both
rodents and man after actual space flights and,
at the same tine, can be co,npared with the cur-
rent information. Thus, suspended rats have the
follovring characteristics in cormon w'ith man in
space; a reduct'ion in body weight, reduced food
cons unpti on, transient hemoconcent rd t i on (.in-
creased RBC count dnd henatocrit), a low flCV and
reticulocytopenia. These changes, together with
the now reported P50 shifts, are cduses or ex-
pected consequences of suppressed erythropoiesis
which would be expected to result in a RCfi
decrease which our preliminary data are sug-
gesting. one of the ,nost interesting and unex-
pected findings from the anti-orthostatic, hypo-
kinesic rats was the alteration in RBC survi-
va'1. l{hile post-space flight data from man sug-
gest no change in RBC survival (5), an increased
randoo destructi on has been reported i n rats
(4). Evidence for enhanced RBC destruction r{ith
the rodent model was only observed after suspen-
sion and this nay contribute to the post-suspen-

'Zztt:.
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lHE EFFECTS OF HYPEFGNAVITY ON THE BATE OF ANTIBODY FORMATION IN TIIE RAT

2
S.M, Scibetta L. D. Caren and J. Oyama

iology, Universlty of Santa clara, cA 95053' U.s'A', and

Biooedicaf Regearch Div., Ames Research Center,
NASA, Moffett Fie1d, CA 94035, U.S.A.

ABSTRACT
This experlmenl ras designed to measure the

immune response in acutely stressed and chronically
cenlrifuged hyper-G-adapbed male rats. Rais were

exposed Lo 2.1G and 3.1G. Acutely stressed animals
we;e injected with sheep red blood cel'ls (SnBC) on

the day of initial exposure to hyper-G' and uere
chronically centrlfuged for 10 to 15 days afLer
limunization. Hyper-G adapted rats were

chronically centrifuged for 28 days prior to
antigen injecti-on, and aor 21 days after iniection'
Boosaer injecLions ,ere Siven and serun sampfes

taken aL intervals from 3 lo 9 days after the
inj.tiat and booster iniections. An[i8en dose'
in iecLed ip, ranged betreen 'l .35x10" SFBC and
1,i8x1ov SRBC/100 8. body weiSht. Pair-fed and ad

Llbitum led noncentrifuSed controls !,ere used' No

3I!-nifi-canr differences in anti-SRBC antibodv
titers nere found beLween centrlfuged and control
anieals, although there flere some changes in l{8C

counts and a siSnificant increase in adrenal 81and
aize ln acuiely stressed animals.

MATERIALS AND METHODS

A1l experimenls $ere carried out using a 12 ft'
radius centrj.fuge, l,ith a fixed inaer and outer
position on each of the 10 radial arms' The
-entrifuge was rotated at 26.1 rptll, producing a

C-intensity of 2.1G at the inner position, and ol
3,lG at the outer position. The cages rere mounted

on pivotal yokes, so Lhat they lrere free to tilt
!,rhen the centrifuSe ilas run, subiecling rats to
C-forces perpendicular to the floors of the ca8es'

Allogether' sevenLy-turo reiSht-natched, 63- lo
65-day-ol.d Spra8ue-Davrley male rats
( Bantin-Kin8oan, Milpitas, CA) were used. Blood
uJas collected from the ta11' and standard
Iaboratory meLhods vrere used to oeasure lhe
parameters shorm in the tables'

injection. The food consumption
hyper-C-adapted rats approximated thai
controLs fed ad libitum.

att animar-,EiE-in pcted uith 0.005
suspenslon/8. body weiEhL. SBBC

concentrations (v/vS, in saline) varied
be1ow.

Dept. of p

EXPENIIENTAL STUDIES
The firsi, tbird and fourth experiments u,,ere

designed to study the iomune response in rats
injecled with antiSen during Lhe acute slress
response to centrifugaLion, uhen corticosLeroid
Ievels erere elevated (l ). Palr-fed controls and
{8-hour-fasted controls Here used so Lhat aay
changes observed in irunune function coLlld be
aLtributed to hyper-G exposure, and not Lo
di fferences in food consunption.

The second experiment exaBined the effecls in
hyper-G-adapted rats erhich lrere chronically
centrifuged for four weeks p.ior to antigen

of these
of thelr

mL SRBC

suspension
as noted

Experiment 1. AcuLe-Stress-Exposed Rats- ]O% SRBC

naLs l,Iere di.vided into three Sroups of six aats
each as follons: a) oaintained at 1'0G and fed ad

1ib, b) naintained at l.OG and fasted fo' the first
4-g iorrs of the experiment, then fed ad lib, c)
centrifugeal at 3.1C and fed gjl -1ib. Food and water
consumption for aI1 Sroups wer; recorded' A11

animali uere inJected ip on day o oe Lhe experilDenE

with a l09( suspension of SRBC contain.inB 2 '76t1O'
SEBC/mI. Parameters were measured on the dayg

shown in Table I. There were no significant
differences in antibody titers or henalocrits on

days 51 7 or 9, but }JBC counts ere ]o'er in the
group exposed to 3.lG on day 9. (Mann-Whibney

a-Slatistic, Lro-Lai.Led, p:0.032).

each as follot s: a) maintained at 1.0C for 28

days, b) centrifuged at 2.1G for 28 days, and c)
centrifuged aL 3.lG for 28 days. AI1 .ats trere fed
ad lib and were iniected on day 0 of bhe experimenl
il rtr-a^ 0.5% sBBc suspension, $rhich conlained
1.05x10d sRBc/mL They i,rere bled on days 3' 5' 7'
and 9, and ,.rerq Siven a booster i.njection
containing 6.Ox1O' SBBC/flI on day 13. They were

bled on days 16 and 20. As shown in Table II'
there uere no chaoges in any of the paraneters
Eeasured on ihe daYS indj-cated.

Experj.menl 2. Hyper-G-Adap ted ffats-o.5% SRBC

RaLs were divided into Lhree Sroups oF six rals

Experimenl 3. Acute-Siress-Exposed nats-0,5% SRBC

imenl 1 exceptExperlmenl 3 l"Jas similar to exper
for the folloring changes:

1.) The three groups used consisted ol a 1.0c
control, a 2.lC Sroup and a 3.1G 8roup.

2.) the 1.00 and 2.1G groups were pair-fed to
Lhe 3.lC group.

3.) The antiSen dose !,as smal1er. The animals
lrere injected rliEh a 0.5% SBBC suspension
containing 1.19x10" SRBC/mI on day 0. They werE
given a booster inieclion containing 1.65x10-
SnBC/ml on day 7.

Table III shows there {ere oo differences ln
antibody titers beteeen the three Sroups, although
i'rBC counts were increased in the 2. lG and 3. 1G

exposed raLs on days 7 and 14 (t-test: d,ay 7,
p<0.005; day 14, 1.0G vs, 3.lG, p <0.05, 1.0G vs.
3.10, p<0.01 . ).
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ExperimenL 4 AcuLe-Stress-Exposed Table IT1. AnLibody titers and IJBC counts j.n
aculely sLressed ralsSRBC

This experinent llas identical lo experiment 3r{ith the following changes:
l.) A 0.016% SRBC suspension.was used; Lheinitial .injecLion conlatned l. txtOv SBBC/mI. and

the booster injecLion contained 2.ZxtO" SRBC/mI.2.i No l{BC counts uere done-
In Table III, anti-SRBC titers are shoFn. On

days 7 and 14, antibody tite.s of rats exposed to
2.lG were lower than Lhose of Lhe rats malhtainedal 1.0G and centrifirged at 3.jc. On day tq thosedlfferences Here significant. (|rann-l,rh itneyU-SLatlstic, two-taiied: day 7, p=0.026; day ?4,
1.00 vs. 2.16, p:0.008, 2.tO vs. 3..1C, p<0.016.)

Table I. Acute effects ol hyperS.avity on
antibody titers, HBC counts, and herdatocrits

Days
post-

imoun.

1 .0c
Control

1 .00
Nutritional

control

EXP. 3
Ab -5 4
Tirersd ? 6

14 7
6. o;0.7 (4 )

7.5;a.714)

4 .2+0.716)
5.2;0.6 (6 )

6.8;0.2 (6 )

Days
post-

lri!!un.
1 .0G

ConLrol
2.lG 3. rc

.5+0.4 (6 )c

.3+0.5 (6 )

.2;0.3 (6 )

b
i"]BC 7 0.91+0.10(6) 1

r4 0.7 0.06 (6 ) r

07+0.06 (6 ) t.73+0. i6(6)
08+0. 1 1 (6) 1.31+2.09(6)

EXP. 4
Ab5
Titersa 7

0(6) 0
4(6) 3
3(6) 5

.3+0.2 (6 )

.3+0,7 ( 6 )

.8;0.3 (6 )

0.6+0.6 (5 )

3.0+0.7 (6 )
6.5;0.3 (6 )

a'b'csee lootnotes Lo Table I

seen ln any of lhese experiments. Houever, in
experiments 1 , 3, and 4, oeasuring the acute
effects of hyper-G, IJBC counts uere clecreasecl in
the 3.]G-exposed animals in experioent 1, and were
increased in 2.1C- and 3. tc-exposed aniDals irl
experiment 3. Variations in IJBC counts due to
centrlfugalion have been observed (4). In the
hyper-G-adapied aninals (expt. 2), Lhere were no
alterations in WBC counts.

AnLibody iiters were unchanged, except in expt.4, uhere a decrease in titers of 2.1c-expo;ed
animals sras seen. This efFect ,ras only observedeith the ]owest antigen dose used.

This study denonstrat,es the reaarkabLe
hotneostatic capacity of the imune system under G
forces lhich produce chanSes j.n other physioloBical
systems.
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0.0+0
0.7;0
4 . 8;o

l. rG

Ab
TiLers

57
79
98

.o+0.7(6)c 7

.2+0.3 (6 ) 8

.5;0.3(6) 8

.8+1.0(6)

.5+0.3(6)

.5+0.3 (6 )

7.4+1 .0(5)
8.8;0.5 (5 )
8.5;0.2(5)

b
llBr- 9 1.37+0.l2(5) 1.39+0.14(5) 1 .06+0.09(5)

Hcl 9 52+0,715) 53+5.715) 50+r.6(5 )

In
"Tioro

lhis and lhe follouing tables:
[:rs3are expressed as powers ot 2 (X + SE)

c
Number of rats is in parentheses

Table II. Antibody titers, IJBC counrs and
herratocri.ts in hyper-C-adapted rats

Days
post-

ifimun.
I .0c

Control
2. ]G l. rc

Ab
Titers

7 .7+0.616)
7.7+ I .0 (6 )

8.q10.4(6)

7.2+0.8(6)
8.3+0.3 (6)
8. O;0.4 (6 )

8.2+0.2t5)
8.4;0.2(5)
9.2;0.4t5)

7

9
16

b
IIBC 9 1.24+0.08(6) 1 .03+0.I I (6 )

16 1.17+0.19(6) 0.90+0.08 (6 )

1 .01+0.15 (6 )

o. 99;0 . 15 (6 )

HcL 7 48+1 .3 (6 ) 45+2.016) 44+t,8t6)
a'b'csee fooLnotes Lo Table I.
DISCUSSION

Hypergravity lnduces Eany physioloeica]
alterations, including increased levels of
corLicosteroids, rhich are ihrhunosuppressive (2).
Many other kinds of stress can impair the innnune
syslem (3). No diflerences in hematocrits ,ere
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THE EFPECT OF HYPERGRAVITY ON THE PRENATAL DEVELOPI4EIIT OF MAM}'IALS

L.V. Serova, L.A. Denisova, N.A. Chelnaya' E.S. Mel-zelov

Instj.tute of Bionedical Ploblems, Moscow, UssR

vivariurn contlols (p< 0.01) .
The lynphocytes /neutrophils ratio in

blood in the course of gestation decreased
due to a reduction of the Iymphocyte count
and an increase of the neutrophil count,
being identical in the centrifuged rats,
synchronous and vivarium controls. The lym-
phocyle count in bone marrou of the cent-
iifuged rats was significantly lo'rer than
in the two control groups (p< 0.01) '

The centrifuged and synchronous rats
exhibited no difference between such para-
meters as ernbryonic mortality, abnormal
fetuses and abnormal placentas (Table I) .

As compared to the vivariur. controls, these
parameters stightly declined, apparently.
due to the stress-reaction of the natelnal
body that was seen both in the centrifuged
and synchronous rats. This stress-reaction
included growth de1ay, th)4nus involution
and other changes nentioned above. The nun-
ber of alive fetuses ln the centrifuqed
rats anal contrcLs was neally identical
(Table r) rrith their morphological signs
being consistent wich their calendar age.

The fetal weight of the centrifuged
rats 'rias sigilifj.cantly lowe! than in the
synchronous contlols (3.71 g versus 4.24 g.
p<0.01), the Placental weight of the cent-
;ifuged rats was lo\rer than in the vlvarium
controls but dj-d not differ from the synch-
ronous controls (Table I) .

The exposure of the nother-fetus sys-
tem to hypergravity was accomPanj-ed by a
delayed skeletal development which inclu-
dedr signiflcant reductlon of the ossified
areas in the folds of linb bones, shorten-
ing of che tail, enlargement of the fonta-
nel as compared to the fetuses of the syn-
chronous antl vivariun controls (Table II) .

Thus, the centrifuqation of female
rats at 2 g durinq the last trimester of
their gestation perioal did not prevent the
development of the normal number of alive
fetuses, in sgite of the stress-reaction
of the naternal body which was accomPanied
by a narked stimulation of catabolic pro-
cesses anal growth delay. The alifference in
the fetal condition of the centrifuged and
control rats was small.

Since previous experiments have alemon-
strated that hypergravity and weightl.ess-
ness cause a number of similar (nonspeci-
fic) changes which include alelayeal growth
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The effect of hypergravity on the
prenatal development of nannals was inves-
tigated in several studies' volkova et a1'
(5) exposed female mice, nonadapted to hy-
pergravity. Lo 2 g 11-72 h after matino'
This exposule was follolred by gestation
interruption, enbryo's death and blasto-
mere lysis. Gurjian (1) and oyana et al.
(3) investigated the effect of centrifuga-
tion on manmals who, Prior to fertiliza-
tion, were exposed to hypergravity, i.e.
were adapted to centrifugation. In this
situation there were no developmental ano-
malies or they were less marked than in
the studies. Ishay et aI. (2) exposed rats
to 1.04-1.47 g begj,nning with gestation
days 2-4 or 10-13. Some of the animals ex-
posed to 1.43 g and over showed gestation
interruption and others - a snaller number
of pups in the lilter.

The purpose of thj.s study was to in-
vestigate the effect of 2 g on the prena-
tal developnenl of mamnals during the last
trimester of the gestation period associa-
ted vith an intensive fetal growth. No da-
!a of this type is available j-n the lite-
rature.

Five-month fenale rats of the wistar
strain were centrifuged at 2 g during ges-
tation days 14 thlough 21 (the rate of ro-
tation was 33.3 rpn with a pause once a
day from 9.00 to 9.30 a.n.). The reProduc-
cive function of the centlifuged rats was
compared vrith that of the synchronous con-
trols exposed to the factors that are con-
comitant with centrifugation (noise, air
ventilation, etc.) and that of vivarium
controls. The animals were examined 5 to
10 h after they were renoved flom the cen-
trifuge on gestation day 21.

During the exposure to 2 g the cent-
rifuged rats lost on an avelaqe 3 grams.
The weight loss of the synchronous cont-
rols was similar. The vivariurn controls
gained approximately 60 grans during the
same period. The centrifuged and synchro-
nous lats showed th]4nus involution as com-
pared to pregnant and non-plegnant vivari-
urn controls (p < 0.001) .

The gestation lras attended by anemia.
Ihe hemoglobin concentration j.n blood and
the count of erythropoietic cells in bone
marror{r of the centrifuged rats 'rere signi-
ficantly lovrer than in the synchronous or



TABLE I. Parameters of the Reproductive punction of Fernale

Rats Exposed to 2 g during cestation Days 14-21

GROUP N
PRENATAL
DEAIH (I)

ALIVE
FETUSES

WEIGHT (9) MALFORMATIONS ( B }

EETUS : PLACENTA FETUS:PLACENTA
2g 10 24.2!4.2

pv<0.05
10.1r0.5 3.71!0.12

Ps< 0.01
0.45!0.01
p <0.01

8 '7

SYNCIIRONOUS
CONTROL

5 35 .0r10 .8 9.6i1.6 4.24!0.09 0.4810.015i B 6.3

VIVARIUM CONTROL 15 t2.6!2.6 11.4r0.8 4.010.1 1.6

TABLE II. Developnent of Fetal Skeleton in Rats Centrifuged at 2 g

LENGTH OF OSS IFI ED AREAS (lrm UNTUSED
OSSIFIED
AREAS OF
STERNUM

FONTANEL
WIDIII (mm)GROUP N TIBIA ! ILIUMEEMUR SCAPULA

2g t7 2.4r0.05
p < 0 .01

3 .0r0 .05
p <0.002

3 .510 . u42,0!0
o 10
p <u_s

OJ
01
o2

<0.001
<0.02PS

3.0r0.u4
p < 0.02

0
pv
Ps

.510.-r
< 0 ,01

< 0.001

2 9r
p

0 .0s
0.002

SYNCIIRONOUS
CONTROL

10 2.6!0.05 3.2i0.1 2.1r0.01 3.810.1 :3.1t0.0siio <0.02i
0 2.5r0.1

VIVARIUM
CONTROL

10 2.6r0.04 3.4i0.1 2 .2'!:O -05 4.0r0.1 3.4r0.r 0.1r0.1 2,5=0.1

Serova, L.V., and L.A. Denisova. 1982.
Physlologist (Supp1. ) . 23,6t9-L2.

Simakov, Vu.C., V.a. agafonov. O.V. Vol-
kova, E.A. Romanova, and c.D. Shitov.
1973. Arch, Anat. Eistol, Embryol.

7. Svetlov, P.c. 1968. In: Problems of Cy-
toloqy and General Phys ioloqv , Lenin-
grad, 263-285.
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0.55r0.03

ULNA

and thynus involution(4), our fj-ndinqs
suggest, in our opinion, that nammals flown
at 0 g aluring the last trimester of their
grestation period may also produce normal
fetuses. Frorn the data in the literature
and our earlier investigations (5, 7) it
follows. however, that gestation days 14
through 21 show greater Eesistance to ad-
verse envirorunental effects as cornpared to
other developmental stages. Therefore, it
rnay be expected that exposure to 2 g at
earlier gestation stages may give rise to
more marked changes j-n the reproductive
fulrction.

s-138

Med.5.23-32.



TI1E EFFECT OP HYPERGRAVITY ON FLUID.EIECTROLYTE METABOLISI.I IN BAT TETUSES

L.A. Denisova, G.V. DolgoPolova, N.A. Ilyushko, E.A. Lavlova,
Yu.v. Natochin, L.v. Serova, R.I. Rualneva, E.I. shakhmatova

Institute of Biornedical Problems, Moscou, USSR, and
Institute of Evolutionary PhysiologY and Biochenistry,

Leningrad, USSR

of the centrifuged rats did not differ from
the controls (Fig. 1).

Modified glavity proaluces s ignificant
changes in f luid-eLectrolyte balance (2) .

This conclusion has been drawn fron exani-
nations of adult ma[unals, t{hereas the in_
fornation about glavitational effects on
fluid-electrolyte rnetabolism of developing
embryos is practically unavailabl"e. The
ourpose of this investiqation was to sttldy
ftuid-electrolyte metabolism in greqnant
rats and developing embryos during chronic
centrifuqation.

MATERIALS AND METHODS
Samples were obtained from vhite rats

exposed to 2 g at the Iast trimester of
gestation. Experinental conditions are ale-
scribed in the paper by Serova et a1. pub-
lished in this SupDlement. Ten animafs'
exposeal to 2 g, 5 synchronous controls and
5 vivarium controls wele examined.

samgles of the nyocardium, tiver, dif-
ferent areas of kialney and tibia cf Dreg-
nant rats, Dlacenta, whole fetus, and fetal
kidney rr,ere put into quartz via1s, weighed
in a vLAo-100 balance, and dried in a the!-
rnostat at 105" until their weight becarne
constant. Then the sanples were cooled in
an exsiccator to bring them to room tenpe-
rature anal weighed again. After that con-
centrated HNo. was added and the sarngles
h,ere keqt in 3 dry-air bath at 80'to pro-
vide conplete dissolution of organic sub-
stances. Electrolytes were dj"ssolved in
O.O1 n HClt then sodium and potassiurn were
measureal in a zeiss-Ill flane photoneter,
in air-propane flame; nagnesium, calcium,
copger and iron were measured in a Hitachi
(nodel 508) absolgtion spectlophotometer,
in ai!-acetylene flame.

RESULTS
The vivarlun rats gained 60 g during

gestation days 14 through 21. The centri-
fuged rats lost about 3 9 during this pe-
riod and the synchronous rats gained only
2 g. The weight of fetuses from the centri-
fuged females L'as 12.1t less than that of
synchlonous controls. The Placenta vreight
of the centrifuged rats was also lorrer (by
12.7t) than that of the synchronous cont-
rols.The kialney weight of the fetuses of the
three gloups was identical. Ilowever, lrater
content as calculated per dry matter of
placentas, whole fetuses and fetal kidneys

FETUS
WEIGHT. G

ETTCIROLY TES,

PLACENTA

WE]GHT, G

E LE CTROLY TEs,

ELECTROLYTIS

{dl
xg
Co

- E1x
\:r No

WATER.

I wrem.c
wf

:tlr
Fig . 1. wate! and electrolyte content

of the fetus, fetal kidney and
placenta of female rats, ex-
posed to 2 g on gestation days
14-21 12 g - centrj.fuqed rats,
S - synchronous control, V -
vivariun control )

It can therefole be concluded that
r^rate! balance of developing manmals exposed
to chronic centrifugation remains unalte!-
ed. Comparison of the data flon the three
gloups suqgests that the effect of stress-
factors causes a nearl"y identical decrease
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of body weight gain in the centrifuged anal
synchronous adult females. Conversely, a
decrease of fetal weight occurs onl-y in
response to centrifugation. The lack of
differences in the vrater content of deve-
loping fetuses, their kidneys and placen-
tas of animals from the three groupE indi-
cates that the system of f luid-electlolyte
homeostasis of a developing marunalian body
is well protected from environmental patho-
gen-ic effects.

The fetal development st.rongly de-
pends on the amniotic fluid. Since it is
irnpossible to determine its volume dilect-
ly, its nass was calculated as the diffe-
rence between the uterus mass and the mass
of fetuses and placentas divided by the
number of fetuses. The anniotic fluid mass
was reduceal in both centrifuged and synch-
ronous rats. Iherefole, the declease in the
amni-otic fl-uid volume can be attributed to
the effect of nonspecific stress-factors.

The electrolyte composition of develo-ping fetuses r^ras examineal in great aletail.
It is kno\rn that the effective cell functi-
on largely depends on the capacity to main-
tain constant the ionic conpositj-on and
osnotic concentration of body fluids. when
calculated per body water, the content of
sodium, potassj.un and magnesiun in the cen-
trifuged fetuses does not differ from that
in both controL groups (fig. 1). The calci-
um content of the fetuses as calculated per
wet and dry matter increases. These find-
ings are of interest because adult humans
exposed to microgravity sho!, narked calcium
losses (1).

Analysis of the total content of vari-
ous elements in !,hole fetuses gives eviden-
ce that, in spite of the declease of body
mass, the content of potassium, calcium,
nagBesiun, copper. and iron in the centrj, .

fuged animals does not decline. As a re-
su1t, the centrifuged fetuses as conoared
to the synchronous controls show a higher
content of potassium, calcium, and iron,
when calcuLated per wet and, particulally,
per dry natter.

These findings make j.t Dossible to
discuss the factois responsi6le for the
reductj.on of fetal nass during centrifuga-
tion. It shoutd be indicated that the de-
crease involved not only the mass of the
fetuses but also that of dry matter. Ilence,
the content of organic substances Loweled.
In the centrifuged fetuses the ootassiun
content calculated pe! dly matter was high-
er than in the synchronous fetuses. It is
known that potassium is primarily an intra-
cellula! ion. It can thus be postulateal
that in centrifugeal fetuses the forrnatj.on
of new cells develops at a normal rate but
the rnass of organic substances of extra-
cellular origin decreases. The lack of dif-
felences in the copper and ion content of
the fetuses of the three groups suggests
that the synthesir of the comgounds con-
taining lhese trace elements remains un-
changed. In particular erythlopoiesis is

not involveal (erythron iron nakes GO-7OS oftotal iron of the fetal body). The centli-
fuged glacentas show higher amounts of so-diuft, calcium, and unaltered quantities ofpotassiun, magnesium and the trace ele-
ments. The content of Che electrolytes and
tlace elements of fetal kidneys was sinilar
in the thlee grouDs (Fig. 1).

The centlifugation brought about no
significant changes in the content of water,
electrolytes and trace elenents in the myo-caldiurn, live! and tibia of the pregnant-
rats. In kidneys, esoecj.ally in their pa-pillar area, the content of water, iro;,
and coppe! alecreaseal and that of sodj-um andpotassium j.ncreased. These changes were
seen in both centlifuged and synchronous
rats and, therefore, can be attributed tothe effect of nonspecific stress-factors
that acconDany centrifugation.

Our findings aLlow the conclusion
that_exposure to hyperqravity rnay modify
the fetal mass, with wateriand electrollte
balance remaining unchanged.
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ABSTnACT
The €tmcture and flrnctioB of proce-

ryotes eJxd pl8!t eucaryoteB at different
l6vets of e+olutionary develoPment a.re
aliscussed ln reLation to space flight
effects. It has been shoYm that the scope
of chaDces of the bacterial ultrastruc-
ture j-nduced by vleiBhtlessness depeads
to I certain extent on the inltial con-
dltlous of culture growth. Biological
effects of welShtleasness at the subccl-
Lular levet of-euceryotes increase vrj-th
flleht tjrei they also enhance jn more
comilex pta.nt for:ns; this mey be due to
i-rrt-erceliular interactions in the tissue
svsten. It is assrmed the cell differen-
tiatioa in weightlessneas develops
lrltb1n the framework of nornal Senetic
Drop:lams. Siochenlcal and physiological
i"oEes"es Yarv significantly duc to the
iack of rlgorous pre-detemilet ion.

The paltern oi rearangement in the
structurd and function of the Plant
ce1l iI lreightlessness ls discussed Y/ith
regpect to ihe problen of adaptation to
zelo-8.

I].I[RODUCT IOlI
Studiea in ceI1 reproduction' diffe-

reDtiation aJxd vltal activitJr, i. e.
DrocesEes underlying the Srov,th ard de-
veLopment of orgenisms are oI essentlaL

nooitence for soLution of fundanental
alh aoplied problexns of space biology
(t, z). tire lerfomed nethodical expe-
rlirental tech:eiques ms.de it possible to
use the ultrastitctural ce1I organization
and its clt rnges as olxc of retiable indi-
cators for est:-urati-n6 the exteBt of space-
fliGht factors effect on ccfl ;urc 

" 
ionirg.

ihe"bacterium Proteus 1'u16aris ( p:'o caryo-
te). unice1lu1a.r g1'een alga ChIol'e114'
proionenra of the rooss fwlei'ia h;6ro:.1et-
i'ica, neris:en cltd root cap of.pea afld
ol'abidopsis plants (eucar"yotcs) u!cd rn
space biological experirents \71bll devc-
1ooiI,: orm.ni;:.lt \7cre tll:ca e'5 o;.cctc
Ioi' siuay-inc orJarisus of viu.'ious lcvefs.

&ES1'I,TS
lxpel'lients l/11,:I :::c p:oc(:lyotcs lie-vc

slLo;,:r t.eat the de:rcc oi s i1'u.c Lu] i],1 lu.-
nifestation of the spece fligilt cffcct

dcDends to tl certalr o::Lent on the ini-
tiil1y preec}.ited condjtions of tl-e cu1-
ture Lrirzth. Unde]' opt i,nunl gro.Tth condi-
tions-thc cel1s of hoteus vulgaris I-ro;;n
i:: orbital fligtrt diifered Irom the cont-
ro1 ones in a iruaber of ultl'oatructural
or;:a.::izotion ind.ices. So' distribution of
cvf,optasn containiltc riboaomca ovel' the
vrLol-e ceI1 volurne is morc unifom' the
roernbreD,c Cyrosity is morc pronounccd'
occurlcnce ond volu,ne of ffurc-glcailuLarc
Gclusions ere increased' avetilaf ility of
conDaci-al'ranged DIIA fibrils fornir6 va-
riois conficurations. Addition of a mo-
difying agcnt (2, 3, 5-triphenyl tetrazo-
riui uionlae ) to'the medj.un and anaerobic
erowtfL cor:aitions pemitted revealing the
Eifferences vhicb vere not displaycd un-
aler optinrum aerobic conditions. ilathetr'
e"s"nifef differe[ces are established in
locelization of clectrol-dense elnost
i-asoluble for:mazau deposlts reBulted from
a soecfftc rcduction of tetrazolirrfl saIl's'
irri! *as lafu] as a basis for o supposi-
iion on chBnges in the membrare perraeabl-
lity petterrr occurrin8 when cultivatin8 a
taciliative aero'b under anaerobic condi-
tions vrhich is intensified by factols of
soacefllrht. IIew differences in the Pro-
i'eus ultiastructural or6anizatlon - forrqa-
tion of ce1L wall evaglnations more ex-
Dressed. la the experiment and fornEtion
if intricate plasmalemma lnvagjrations 'rvhich is not typical of o-negative bac-
terie. observecl rzhen triptose is s,vai-
labIe-iI nutrient nxedlwfl and urilcr facu]-
tatlve anaerobiosls are lrndoubdetly evl-
dence for esseDtial changeo in cell ne-
tabolisn patterso rrxder spacefliSht condi-
tions. It- should be nentioned thet during
o"bital flight under such jnitj-auy modl-
fled coudLtions the grovth of ftoteus cu1-
ture. as dlstlnct from optjmufl grotrth con-
diti;ns (nrovrth eccelexation 1n the cxpe-
rimeat ) aid unfavourabfe coDditions(;nilif, inli.uition in the experlnent ) 'did not differ sicBificantly fron the
such i-n the control, vari.alt. In this con-
ncctiou an assunption is advBlced on an
adaptation role of complicated nenbralle
structures formed by plasnalerma in ce1ls
of the experfurental va.rieJxt.

lkperi:nents vJith developing orgatrisms

I{. G Ioxolodrlv lrlstitute of Bo taqy Acadeqy of sciences-of the Ukr. SSR' Kiev' tiSSlt
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have slso Ehown ths.t biological effects
ol. -spaceflight cond.Ltions 6ecome strongerwith prolongation of the ti&e of theerperimeat. Ia a 10-day experjflent noessentiel differences izere- found 1n grovth
iDdices eaal ultrastructural organizeiion
betweeD, experinentaL and contrdl cultures
o.f Ch1orel1a (strein tARc-1 ), whichtestifles to a normal, on th6 whoIe,
functj.oaihg 

- 
of cells during the exp6ri-

ments. -Application of e uoiphonetric
ar:'alysis ria,de it poasible t6 reveal a ten-
dencjr to e decrease ix the yoluBes ofplastids and their structural components
-sterch grains and thylakoids. Unicr a
more prolonged space flight - 28 days,
alongside rrith on accelerated bio,nascgain, in the experirnents,l val'ialrts therealso occutred a note 1apid eceitu oI thecuLture. fhis izas c1ea].1y p:onotrnced !-)the ultl'a.st ruc tural orgaiilation a::arclative volrrmes of cytoplasnic ol-gonolles
ano reserve su ostalrce s.

- It is shovrn thet the r/eightlessnesseffect becones atleonger vith domplicationin. plant- organisms, which rai6ht -be due tolnterceI1uIar interactious ii t issuc
systel,'l of nulticellu1ar formE es conDaredto.unicellular ones. So, rn perticulii,
uaoer welglltlessness thc root meristenlcells ale characterized by the pt.oscnce olmitochondria vrith on eleciron-rlinse r:ratrii
and well-deve loped,. I'e1ati're\. regufaiiy
axnarge d. cristas. Iiris is not- tr,plcal oimcristernatic ce11s. the vreI1 lo:6i.m corre_la,tion between ultrastructural al1d. func_tional peculia::ities of nito chondl.iaglves reason to nake a concluciou on asignificant intensification in rc Iunc_
tiot1a1_ act j.vity of ncristcuatic ccll mj.to_cnondrta ruder veightlcssness. An unusual-a-Lteretion of a periplreral ciatern of
dr-ctyosome secretory pole is arl ultra_structut'e,I peculial.ity of nteris telnat iccel.ts under veiGhtlessness of no lessinterest. Taking jnto accor]J]'t re role o.ftlre Golgi apperatus in s)ratilesis ondtransport of a Creater part of poly_
succErl-d.es incorporated i]xto the ceIly/a1J. compositionrit is possible to essluneths,t the visible alterations ir thecistem of the dictyosome secrctory polereflect to sone extent disturborr"y- ii-rthese processes. It is not jmoossible
that str:uctural_ rearrangementi of dictyo-
sotres of the Golgi apparatus as !ze11,partlcularly ir procegses of assemblige,grovrth aJxd specializetion of merobranei,'
which. yndoubt edly will disturb dynaEic 

-

equilibriun betyreen metabolism pLases inneristeas,tic ce1Is.
Ar inclea8ed volume of cond,ensed

chroE8.tl& in nuclei of the root cap ce!.tra.I
stetencb.Jrma ceI1s night show a deireasefu the nucLei functionol activity.

In central sta,tenchJm€. ce1l! of inthe root cap in pea ard arebidopsis
plants growin€ under speceflighi conai-

tlons there is no clea,r localization of
anurloplasts-stat oliths ! they a-re locatedin varioue parts of a ce11.'fhe e.EJrlo-plasts strona becomes of Ioy/er eleltron
alensity es compared to the control varianlthe volume aJxd number of sta-rch groils arj
decreesed ( irc ?-day pea pleats)I Inplastids of root cap centiel statenchyroa
cellg- in l8-day arabldopsis and pea piants
starch either ia absent or repreientid
by silc'gle rowrd or oval grai::s locatedjn the organelle central part in e s]ice.the central atetenchJrE€, calls of experi-ne[taI plants are characte]cized by iprogressive vacuolizetion yrith aJr- increas-lng.flight period. [hc absetce ol a gravi-
tational etilnulus causes to a failurE in
due gravireception system functr ionability.
The nofiEL spatial arra.ngeneat of plant -
organs rurder rzeightlessness is due-tophototropism and chemotlopism compe!.sationfor a geotropic reaction inpossibic under
ther.e conditioas. This phenonenon offers
lev, jnteresting opportunities for studyinGrroptsns in pJ.ants rul,der zero gravity
becouse the action of onty a slngl.e,'oneor another factor can be studied-in-a!
absolutely pure forn.
- -Reaffancements of cell oxganlzation
round. ot a structural Ievel, includjlxg
increased frequeacy of cle c t::on-dense-globules occurrence in ccll neEbtcane com_ponents identified. as Ca.--bilxdinc centresindicatc to ciml;es in ceI1 metaUo'tis;'---
and. coufi:ru data available in literature
based on biochenical and pirysiologicel
rletircds. 'Ihe ch&racter of- changes-in thestructuf.al-aD.d-functiorlal orgeIrizatiou oio p1a*1 ce11 r.xlder vei5irtlesJness vitirout
anor;]olrca l-n processcs of nitostc, cyto_kj.nesis a.lrd dif f e1'ent iat j-on of ve6etltive
or6€-n ticsu(}s, aives |caso .s to assumethat l'ca-L'ran jcneirts of ccll nctabolrsr,t
dnder'- zet'o Ct.avit]. occur. \7ii,ir.in trte linitsot exrstulc Cenet:c procratone s.

Ddrug a def in:te tine of zet,o ;.:t:avl_ty effect tlrc ce11 fimctionjng provldcs
9+-lhe yrhg19. tire inplencntat i6n' of cyto_differcntiation olcl r,rorpirogeilcs is pr6_
Cranrnes goneticall;, d.etemrined on ihcjarth.-C.herccs in biochemical and p)rycio_
1ocace.r paoccsscs ar.c iLighl;- significcr:.t
oecausc oI thc aJsencc of j-nit iaLly f.ic-tddclernination. In the liJrri oI L,lre- datEot,ta,ucLt, thc 1:rulcdiatc tasii oi lurthcr
studies seerns to be revealing of celI
mets,bolisn 1i.rrlrs,..rhich are raost sensltiveto the eifect of.;reightlessness.
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Descrlptlve and exPerloental evidence for the
conparloeltallzatlon of the cytoplasE of l9g9l9g
Iaevla e88s into yolk glateLet denslty coE-

iTartoents ls preseoted and cll3cuss6d'

thlck. It ls Iocated in the veSetal heElsphere
betrreen the coatex and the LYM' The SVL coatains
Lhe geaD plaso and a varlety of sEallr inber_
Eediate' and large yofk pfalelets'

After fertlliza!lon there i3 a sequence of
asyBBetrLcal surface conLractions and internal
cytoplaEolc dlsplac€Eents (F18. 1a) that colocide
ulttr the estabushoent of the flrture dorsal alde
of the e88 and subsequent prloaay eEbryonic axls
formation. Those events are usual'Iy oriented
opposl.te the spe.o eatrance poj.nt (lrbbels et a1"
1983).

Yolk platelets isolated on a continuous iso-
pycnic density Sradlent are not unlforoly dense'
ile targe yolk platelets tend to be Eore dense
than th; soalL ones. (Radice et aL., 1981)' Mid-
blastula staSe blastoneres isolated on a con-
tlnuous denslty Eradlent are also not the sane
density. The larger blastoEeaes contain the
Larger yolk pletetets and are ooae dense ihan the

"ruit"" 
u1""to."res (Neff and l'taraclnski, 1982)'

PrellEinary cytoloSlcal exao lnatlon of I9!9!!g
eags {hich ,ere oaintained in an lnverted orj'en_
tiiton rroa fertlltzation onr.ards shorr sub-
stantial but not cooplete travlty driven coE-
partoent rear.angenents (F18. lci Neff et aI',
1983), These results fed us to hypotheslze that
the cytoplaso of I9!9Pg9 e88s 1s orSanlzed into a

set of dj.screte co-opartaents. Those coBpartEents
possess unlque Eorphologies and physical
properties (such as density and vj'scosity) and
perhaps coitaln unlque reSulabory 6acroDoLecules'

lle exaElned {hether coopartEents behave as

discrete eltltles ln I x I inverted eggs' In-
verted e88s were flxed sequenbiafly after ferti-
Lization (T= O.O?' O'25' 0.50, 0.75' 1.0' first
cleavage, and 3.0' third cleavage)' eobedded in
pfastlc, and eidsa81ttal1y sectLoned at 0'5 uE'
Flgure tc indj.cates that the interEediate and
Large yol,k coEpartdelrts nove touard Sravity as
coherent oasseg $1th very Llttle E1xlng betxeeo
the coopartnents along the perlphe.y of the e88'
The central cytoplasD anal sBall yolk eass shlft
agalnst Sravlty. At T=0.?5 the coDpartEent 

'Jhiftis substantlal, but not coDplete. I'be Large yolk
tlass occupleg the anlnal heolsphere (Yhlch faces
gravity). fhe sBaII yolk Dass occupies the
vegetal heolsphere. The SVL ls tntact in the
origlnal vegetaL heElsphe.e. Thls Seneral' pat-
tem is oalDtalned tht"ouSh the third cleavage and
subsequent eEbryogenesls' The cooPartBent shilts
aro asyD&etrlca1. Most inverted eggs aae not
exactfy 180o lnverted. Rather, thoy are s118htu'
tilted eLth respect to the anloaL/vegetal ax13'
The shift torlard gravj.ty occurs on the tdown-

t11tn slde of the e88 regardLeas of the sperE
entaalce site. Prell'dlnary evldence froD our
laboratory has shor.n that the dlrection of the
Iarge yolk Eass shlft' rather than the sperD

Gravlty orl€ntatlon of auphlblan e88s has been

usetl by varlous lnvestiSators ag a probe for
studles on aophlbLarl pattern fordation' Recent
observatlons froo our laboratory aevealed that
tnverted lglgg egts dispLay substantj-al pattern
reversal-IIZEn develop noroaIIy. Since the
deterElnants of early pattern forEatlon reside ln
the e88 cytoplasD, Sravity driven perturbation
provides an €xperloental tool for studyin8 the
nanner Ln rhtch the cytoplas[ic prograE {hlch
regulates early pos t fert j.Il zatlon eEbryoSenesis
1s organized (Neff et aL., 1983). In thls reporl
t{e presend descriptj.ve alld experloental evidedce
r.hlch lndlcates that the cvtoplaso of IS!l!!g
1aevls e88s ls coDpartDeotal'lzed lnto a set of
iI!-t f ,rc t ino o o r ph o L o I 1 ca L I y L d e n t i f I a b I e yo 1 k

platelet density conpart entg. tle describe and

dlscuss the regPonae of these codpartoents in
unferbll.lzedr fertlllzed and a.itflcally actl-
vated lnvertei eggs bo norEal aravlty (1 x s) and

rrype'giEiffi( to- 183 x s),-ihe- oature freahly spawned (u'fertl11zed)
XeDopus e88 exhiblts a dls!lnct anIoal/vegetal
i6lli-iW of external plgltrent' After ferliriza-
;ion the e88 rotates xlthi.n tbe perivltellLne
space created by the release of cortj'ca1
granul.es. The darkl.y plSEented aniEa1 heElsphere
opposes Sravlty and the 1i8ht1y plSEented vegtal
rrloisptrere faces travlty. As a startlng Polot
for thj.s lnvestL8atlon noroally orlented unfertl-
Ij.zed e88s rere flxed and eobedded ln pl'astic and

sectionid Dldsaalttally at 0.5r 1.0r and 4'0 uE
(Neff et a1.' 1983)' FiSure 1a lndicates that
the e88 cytopLasd can be dlvlded lnto a set of
Dorphologicalty dlstlnct yolk platelet zones or
coEpartBents that show clear a[loa].,/veSetaI asyo_
oetry as neLl as radial sytttoetry about the
anlnal/vegetal axls. It should be understood
that other cytopLasBj'c conPonents such as llp1d
bodLesr Slycogen 8ranu1e3, oac1060lecuLesr etc'
Bay also shox unique asynoetrlc distrlbutlons'

ihe snau yolk oass (sYM) occ'lples 6ost of the
aniEal heolsphere and contalns predooinadtly
s6a11 yolk pLateLets (<{u' dlaoeter). The yoLk
platelets of the cent.aLly }ocated-clear cyto-
plass (CC) are le3s densely packed. The lnter-
Eediate yolk Eass (IYM) conslsts Bostly of lnter-
Eedlaue;1zed yolk platelets ({-8 uE dlaEeter)'
The vegetal yalk Eass (VYM) occuples 6ost of the
ve8etal. heBlsph€ie and conbains nostly large yol'k
platelets (>8 uo diaoeter). Ihe subcortlcal
vltelllne layer (SVL) was dlscovered experl-
dentally ln lnv€rted e88s and 1s 30 to 60 uo
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entrance s1te, deterolIIes the future dorsal/ventral polarity of lhe inverted egg, On the
oth€r hand, eggs $hlch are iiverted exactly 1g0o
shol{ syEloetrlcaI coepartoent shlfts and subse_
quent abnorEal early pattern forEetloo. We con_clude that coopartlrents behave as dlscreteentltles and they appear to have unlque physical
properties. Soae coepartDenta oove tolJard
qlaYlty (LYM, IYM), aod others agalnst tt (CC,
SYM). The SVL 1s epparently not affecled bygravlty orientatlon.

The cytoplasd of the unfertillzed egg does not
rearrange 1n response to lnversion (Flg. 1b;
RadIce et a1., 1981). I{e exaEined xhether coo_
partoent release Is a result of spero penett€tion
or a general property of egg acti.vatlon. Unfertl._
Lized, lnverted eggs r,eie artifLcatly actlvated
by etectrlcaL shock (79 v, 1-2 seconds) 1n lOOI
Stelnberg's solutlon (pH 7.4). The coEpa.tEent
shlft was ldentlcaL to unfertill.zed, lnverted_
control eggs. It appears, therefore, that coo_paatBents are preloaded into unfertiLlzed eggsdurlng oogenesls and aae released froE one
another by egg activatlon.

Next, re doterElned the response of the coE_partoents of unfertllized and fertlllzed e8g to
lncreased I forces, Unfertillzed, and fertlllzed
etgs r,ere cheElcally deJeIIted (1.75t cystelne)
and eEbedded tn 9t gelatlD (i?5 BIooo)__1OI
Stelnbergrs solutloa (pH 7.!), inverLed, and
centrifuged for 5 olnutes at varlous gaavl_
tatlonal forces (10-183 x g). NorEaI orlenta_tlon, lnverted, centrlfuged, and non-centrifuged
eggs rere flxed and eobedded 1n plastlc orparaffln and sectloned Did-sagittally (ll uo and g
uE).

Flgure 3a shors an unfertiltzed,lnverted eggceotrlfu8ed at 67 x A for 5 slnutes. No 3ub:stantlal coopart6ent shift or packlog of yolkplatelets occurred. E1ther longer centrlfwatlon
or h18her g forces d1d, however, result lD soaeyol.k platelet packtng.

Flgure 3b shors an lnverted fertiLlzed egg atT:0.33 cent.ifuged at 18 x g for 5 nlnutes. thecoEpartoenls ahlfted as discrete Easses xlth
,Ilttle Blxlnt. The SVL ualntalned lts integrliy.Eoth the degree and type of coepart6ent shlftrere s1ts11ar to lnvsrted eggs oalntalned at 1 xI'
. Flgure 3c shorrs an lnverted, fertlllzed e8g(t=0.331 ,61"6 rras centrlfuged at 6f x g for-Ealnutes._ The conpartEents dlspersed and the yolkplatel,ets packed. The svl rras also disrupied.Ite lnteSrlty of the coDpartEents caD clea.iy beovercoEe by substantlal g forces.
These resuLts can be unlfled into a rdenslty

coaDartoentn oodeL for eg8 dorsallzatlon. It ha;the follo*hg features! EgSs are preLoaded wlthcoDpartEents durLng oogeEesls r{llhout respoct togravlty orlentation. Actlvatio! by splru orother stlDull 16leases the preloaded coopirtoentsto respond to lnternal forces (e8, spero aster
8ro*tb) as re11 as externaL fo.ceg (1.e.
6ravlty). those forces break the radlal syllnetryof the egg. The syEoetry breakl.ng e"t"Utfuf,""the cytoplasulc organlzatlon and co4partoent
lnteractlons that Eay b€ necessary for subsequent
early pattern fordatlon.

Thls EodeI unlfles the phenoDena of anloal/
vog€ta1 and dorsal,/ventraL polerlty lnto a glngle
concept. llle oodel predlcts that subcoopartse;ts
Day exlst and postulates that cooparteent Lnter_
actlons ol8ht establ,lsh new and unlgue EolecuLar
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lnteractlons rhlch are lEportaDt for pattern
speclflcation. The breakLnt up of the coopart_
aents by c€ntrlfutatlon day accouat for the
developEental abnorDalltlos such as tx1nn1ng. Astraltht forlrard lnterpretablon gf thls roode1predlcts that X€noplts laevls eg8s l{1II have
d1f f icuIityestaEllifr -lnga--!if -oaryeobryonlcaxtsln the D1c!.ogravlty ellvlronoent of outgr space.

Thls r€search l.as funded ln part by IIASA trEnt
NAOH-60.
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Dlagranatlc repregentatlon of experlDents andreaulta of denslty coDpartEent Inve!tigatlon.
DlaSraos deplct E1d-sag1tta1 cytol;Alca1sectlons. Abbrevlattons aae descrlbed In text.
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TI'IE EFFECT OF A 90-DAY XYPODYT{AIiY OI{ THE IiEUROHUIIORAL SYSTEI, EG6 LAYITIG A]{D
I{ETABOLISiI OF PROTEINS II{ JAPAT{ESE OUAIL

ABSTRACT
Egg taying J!p.na3a qurl Is r.rr

"xposcd 
to thr hypodynlly for O15r3O.60

and 90 drys. The concantrttion ol
catrchotalrln!s in hypothatetus and pt!sDa
rnd p[.soati c tcvrI of corti costeron!,
t hy ror i nc, triiodothyroninc lnd rstradloI
rGre rnatyzGd. Tha !99 productlon, body
rGight rnd conccntratlon of protains, D[A,
RtlA in n.pGctoratis !nd E.fibut!rlr
cooptrtad th" pictura of ch!nga3. Thc

hypodyn.oy avokcs .a.kcdly

c!grs. Thr qurlts of othGr 9roup3 rcrG
rcstrictrd lo? 5,3o.60 !nd 90 d.ys. Thr
hypodynaolc qual ts rrrG hung ln th! tlght
jrckGts prcventlng thr! fror rovlng rnd
touching tha bottoD ol thG cag. rl th thc
tags. Food !nd srtcr I ntaks rG!!l ncd
unrsstrictcd. Thr qu!l lt rGre t!lan ln tha
GrpcrirGnt ln such ray th!t !tt thr group3
could br dccapl tated on thr sa!. dl y.
Btood r.s col, tected I n hapari nl zad tubcs.
Fror thc isot.tcd brrln tha hypoth!t.!us
rrs disscctcd on a coot?d pt8te. Fro. thg
skcl,et![ ltusctcs saoDt.6 rcre takcn fron
lruacutus pcctorrIi s rnd trort iuBcutur
libut.rls. A ssrpIe fro! [lvcr rcc takcn
!3 r![t.

The conccntrrtlon of cttachoIallncg
ln hypoth!taDus .nd pIa3rr r!3 ast'l!!tad
by a rrdloanzy!.tic E.thod l7l, tho I'cvcl'
of thyroxlnr l3l, trllodothyroninc l15l
and estradlot lsorln llts-Itrtyl, ln
ptasrr v!s ne!sured by spccl fl c
rldloirnuno!ssay, cortl costerona l10l by
a protcln bindlng rssay. Dry !!ttGr of
tha sk.t.t!L !u6ctca and Hvar v!s
obta{ ned by Lyophltlz!tion. Protrln
concentratlon in Dusctes and tiv!r r!s
rstln.tcd .ccording to Lot.ry et at.. l9l.
oNA €nd Rt{A ln the sa!a tlssu€ rrs
d!terrin.d rith a !odlflc!tion ol
sprctrophotoletric..thod de sc rl bcd by
pech6i 1131. Thr d!t. rcrG cvalurt.d by
thG rnaLysis of varl!nca, thc vatucs are
GrpresEcd !s llcans ! s.E. thc dilfcrancirs
bctieen oaans rerc caIcuIrted by Dunc!n's
trst. Expcrlncntal, dat! on the.gg t!ying
rcre !n.ty3ad uslng r rathcrrtlcrI lodeI
l4l.
RE SULTS

Thc crtGchotsl!l nc contrnt i n hypo-
th!tanus con6ldcr!bLy changcd durlng tha
hypodynaEy lFlg.,l. on thc 5th d.y
no rad rGnr I I nc ptus rdrGnrtlne rrrc
3ignific!ntIy dlprcsscd. 0n thr 30th !nd
60th dry thell. concrntr.t{on rppro!chad
to thr Levcl, ol thc controI group rhi Ie
on th! 90th dry ! slgnlflcant d!cr!rsG
of th!t yas found. Thr conc€ntratlon of
dopanlne r.s ![so o!rkcdIy dccr!asld on
the 5th dry of l.!strlctlon.nd ror!lncd
.t th" a.ia Iav![ durlng thc rhot! 90-day
axp.rl.Gnt.

TotaI c!tcchot!!lnas'ln ptrs0r
slgnlficrntl.y incrcaacd on tha 5th dry

long-trrn
c hangc a I n
bl ndi ng pr.
the t!3t d!
taI g roup s
hypodyn.!y,
activity glvc
!daptrbl Ll ty.

th
lc
y8
ex
t

r neu roQndoc rl n€ 3y3trr
rcntty rt thc bcgl nni ng .nd
of hypodyn.iy. ln rxPrrl Drn-

posld to 50 and 60 days of
he i ndl c!tors of ncurohuto.![
thc sy!ptol!s of a trtporary
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ITITRODUCTION
Though the sp!ci fl c si tu!tlons of

spac! rl,lght such.3 r!ighttrssnG3s o.
strongl,y Llritad spEca crcate nonphyBlo-
togicaI situations for Ilving organlsDs
l5l, the rcsults obtalned fron scrl.s of
experlrrnts ln rats confi rn th.t srvrraI
rccks spent ln the orblt do not resutt ln
i nten3i ve c hange s of nrurohuEor![
functlons 18,161 .

For testing of soic basic phy3loto-
glcaL functlons ln J!prnese qu!iI under
the conditions res.Dbtlng sp!c? {tl9ht a

speclaty adaptrd rodct of unforcsd
restr{ctlon r!3 usrd rs ! siouIatlon of
reighttessnoss under thr condltlons ol
Earth surlace. our pr!vious expcrlDrnts
rrith a short and Igng-tr.o unforc!d
restriction shored r rapld activatlon of
neu roe ndoc rl ne systen l6l.
BATE RI AL S AND IIETHODS

AduIt fe[ates of Jap!nese qu.l I
lcoturnir coturnix japonlcal ot an
averagr reight of 135 I rt thc ?xtrnsive
esg-taylng perlod rere used. Thc tnioats
rere housed at 23 oc t 2 oc undcr !
14r'10 h Llght:dark cyctc ond provld!d
rl th st. rtr r for turk!ys and rtter
ad tibltur. Th. qu!l Is rerc dlvldcd into
5 group3 l8 Enlril,3 prr groupl. Thc
controI blrds r.re kGpt ln indlvldual



TABLE 1. Body rGlght, dry r.ttr. rnd Dt{l cont.nt, protsin .nd D A, Rt{A
and 0ilA rrtios ln thlgh ouscl,a

Doys of hyoodynrEy 0 5 30 60 90

J1+

+++

135,O
4,O

r 11,00
1.94

o ry
I !s.

t!ttcr
s-1 rct tl ssua l

?79,09 !
4 ,51

27I .88
3,88

P-Dt{A
lue.g-l ,.,

21 ,64 !
1.5O

30,30
2 ,60

Body rrlght

P rotci n
F:d'nir 10

P-RNA
P-DTIA

tl3sucl

-2 9+
8-

0+
9-

0+
6-

1

11 6 ,71
s .37

1 17,00
7 .O3

275.?4
6,22

273.

82,41
9,Oz

92 ,7
16,1

0,93
0,0 5

O,94 +t
0,01

't2
48

7+o-
117 ,9

8,8
69 ,6
5,9

0.? I
o .o7

1 .21
0,08

o,g7 lr
0,03

+

++

P.DII
ot?
i si
rr s

A, P- RtlA - phosphorus
-E qu! I Ls.
gnl f I c.nt I y dl f fc rent
l9nlfl cantty dl f f.rcnt

DilA, phosphorus Rl,lA. Erch v.tuG rlpresents thc ncan 1S.E

fror thG v8 [uc
froo th! vatur

of cont ro [, P<0,05.
of controt, P<0,01.

lFig. 41. lthite th! concentratlon of theforner horoon. did not changc throughout
thr expcrioant, the L!tter ono ran.lned
signific!ntLy incre.sed frotr tha 30th day
up to thc 90th dry.

The !ctlvity of 9on.ds ras studlcdvia thc plrsoatl c estr!dlol, l,.vat !nd theintenslty of cag t.yln9 lFlg. 51.

! ,rl
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ql(,
?

Ero

1()0()

a. 600

I ,,.

t loo
I

6 .oo

o

lo 60 9(}
hrpoarnaEy (d^r. )

Flgur. 1. ThG "ffcct of hypodyn.ry on
norldrcna t I na + adran!tlnr and
doparl nc contcnt in hypothata-
lru g. E!ch vatua reprasants
rean t s.E. ol 7-E quli LE; o-a
norldren! H na + sdrcn!llnri
o--o doprnlnc; r lp<0,051, **
lp <0,011 - slgnlf ic!nt
dl f fercnca vs. controt.

lrlg.2l rhltr thGir Iev![ on the SOth
.nd 60th day dld not diftor signlfic.ntt.y
fror controts. 0n th.90th day a signi-
fi cant ri sr yas ag!l n notl ccd.

The sortl costeronr concentration inpt.soa shorrd hlghest vatues on the 5th
d!y lFig. 3l and yrs n!intalncd up to
the 30th day of thc hypodynaey lFlg. 31.

Fi gure 2. lh. !ff!ct
c!trchot.!l
ptrsr!. E!c
ncan t s. E.
l p < 0,051 -
dl f te r.ncc

1() 60 ,x,
lryr'odrnnr, ( dnrt )

of
nc
hv
of
c{

hypodynaoy on
conccnt rrt i on in
atua rrp rG Eent s
7-8 qur I Ia; *

gnl f I cE nt
cont rol.

It rss on thr L.v.t
on the 60th day and
days its conccntr!tl
incrcascd.

Th. r..ction of thr thyrol d 9l..nd to
Long-tlrG hypodynaDy yas obscrvcd vis tha
thyroxl nG !nd trllodothyronlnG Irvat

Estradiot ln ptasra decrc!sGd Dost
trapkedLy on th.5th d.y ol the Gxp.rjDrnt
!nd reD!in€d signific!ntl,y drcrr.sGd upto th.90th d.y. The cgg Iaylng rr! al.soinhlbited. Thc Iorcst rgg Lrylng yrs
rGcorded bctreen the 3rd lnd 9th day,
the hlgh!st onc betrecn thr 58th lnd 64th
day, rrp?cs!nting 25 X rr3p, 82 Z of thrlnltl.t t.v!L of r9g l..ylng. The

of
rft
on

the cont rot group
er anot hc r 30
sl gni f I crnt ty

+----+----l
i
\

!----

s- 1,t6

119,60 +r*
1,01

2?6,95 !
6,25

28,01 I
3, 50

85,47 +*
19.24

25.48 ! 21,12 !
1 ,57 2,22

I
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.!tter contGnt !nd DIA r!! not changed.
tr r!cordad slgnlflc!nt lncrcose in thc
RNA/Dt{l r!tlo of !.flbuLarls b!gining on
thc 5th d.y cnd Iasting to th! 90th d.v
ol tha hypodynrry' 0n thc contrarY
d"cre.sr ln th! protcin/Dt{A r!tio up to
thG 60th d!y ras obscrved in this ou3ctc.
Th! p!rtretars nqntloned above rcre not
slgnlflc.ntl,y ch!ngGd ln brG!3t rueclcs.
slgnlflcrnt dlflrrenclrE rGrc o b sc.v!d
nqithcr ln thr dry ratt!r ol the tlssue
no. ln thc oNA contGnt, RtlA/DNA 8nd
protGln/oNA ratlo ln tha tlvrr.

2

o
o5

o,

3() 60 qo
hypoQ!.ry (&y' )

Thc cffcct of hyPodYnarY on
cortl cortarona concantr!tion ln
p l, ! tra. E!ch vrtu! rePrracntS
oa.n g S.E. ol 7-g qurltsi r
lp< 02051, rrr lP<0,0011 -
sl gnl tl cant dllf!r?nc! v3.
contro[.

;fi gu.c 5

Flgur?

ao oo
hypodra.r, ((llr.)

9 5 Th! Gff"ct of hypodYnlry on
ast r.dl o I concGnt r!t I on in
DIssra rnd rgg t.ylng. Each o
v!LuG rcprcaents n!!n ! s.E. o{
7-8 qu.l tsi 

"ach 
o vatuc

rGp rc sGnt s th. rc!n of 3 drYs
!gg t !yl ng, o--o cstr.diot,
H !9g taying; r lP<0,051,
rr lp< 0,011 - slgnlflcrnt
dl f tarcncG v3.controt.

E

a

!

I s as
Ianic
ct at
dyn!!
arl nc

o

Fl gu r. 4

jo 60
hrpodrn ty (drr.90

)

Thc cffGct of hypodyns[Y on th.
t rl { odothyronl nc rnd thYroxine
concantrrtlon'ln Ptas!!. E!ch
vatuc rcpncccnts rean ! s.E.i
r-r trllodothyronlnei o --o
thyrorl n.i r lp<0,051 -
signl fl cant dl ttGrenca v!.
cont ro [ .

Drscussrott
Th! rrsponsa ol thc o.g!nlst to atress
soqlatcd ylth. decrr!sc of hypothE-
c!tcchotaDincs. The ro.k of P!rin

. l12l confl ros that f0-daY hYPo-
y torars tha hypoth.l'.!lc catcchot-
cont.nt ln rrbbl ts. 0ur Previous

rproxlnotion by .G.ne ol lctheratlcrI
EodGt, !xptalnlng 83 Z ol thc tot![
vrrl!tlon ln racorded d!tr, .esuItad ln
cvrtuatlon ol thG tloa of thc raxiau!
dacraasa ol !gg t !yl ng T.l n! 7.2 day3 and
thc tlta of r!rchlng thc raxllur in
Ggg-trying durlng hypodyn.oy TD!r' 63 day3

Eody rqight of J!p!n.sa qu!lt
slgn{llc!ntIy dccrrasrd atr.!dy on thc
5th dry of hrpodyntry tnd r.!!lnad 8t
thi3 LGvGt throushout thc rhol! .xpr.l-
rent lT!b. 1l . In !kcl,ctrI rusctcr
lr.p.ctor!l,lr snd r.flbut.rlsl thG dry

"rp!l.lrant3 
vlth acute hypodynrly ln

Japanasa qual I r!lcr to th! dactin! of
norldr!natlnr pIua rdrcnrtln! ln thr fl rst
rinutas of hypodyn!ny, rhcrcas dopanine
.t.rtGd to r!l!e !ftar four hours l7l. Thr
contant of c atec ho t !ol nc s in thc hypo-
that!:u! r!s rti3!d durlng the second leak
t6t .

Tha p[ !30! c!tGchot!0inr Isv![
consldarabty incra!sld .8 shorn in pre-
vlous arpari!!nts rlth a short-tcra or
tong-tGr! hypodyn!oy in J!p!nGsr quaiL
l|6,71 or in doicstlc foit llll.Such
rGsponr! bclng very si!lt.r to that
dcsc rl bcd under sl nl Iar condl tlons I n
rats l2l. cortico3taronG, anothrr sdrcn![
hornonG ch!ractcrlzlng thc tavct sf
strcss, slgnlllc!ntty i nc rc! Ecd durlng
hypodynlry erccpt of thr 60th d.y of
hypodynaoy. Thl s coopLctcs the pl cture
of adrcnrI cort!x function froa our

+
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-+
I
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prcvious yorks 16,111 . Tha lncrcasrd
Levcl, of cort{ costerone du! to . Iong-
terr hypodynloy is knoyn ![so ln rrts l2l.

ThC changGs of trilodothyronlne IevcI
ref!rs to the hlghcr ne!su.e of prriphcraI
deiod!tion of th! thyroxinc caused by
long-tcra hypodynany. tn the prcvlous
!xpcrlnents rlth short-tr.r hypodynary in
rhl ch onty thyrox{ ne IevcI ras drterDi ncd
Its d!ctlne Yas deoonstrrtad l6l.

A slgniflc.nt dcctine ot estrrdlol
Ievr I !ssocl rtcd rlth a da c re!scd Ggg
taylng l6l aftcr . 3-rc?k hypodynllly of
Jap!ncae qu!l t r.s rccord€d. An idrnti caIplcturr ot a pGrranent dGcllnG of thr
estradlot Ievc[ lnd. Iorrred lrv!1, of cAg
t!ylng ls provldcd by hypodyn.ry on thc
90th day.

Body rei ght .s .n int!9raI para.rter
chrractcrizlng thc levrt of actabotis!
of thc organisr r!s slgnlfic.ntty chlnged
ln thc pcriod of the hypodynalry. In theprcvious cxpcrlmants vlth JapanGsc qualt
rnd doDrstl c fort thr 3.!c etfect u!s
obEervcd l6rlll. ln Dlriats . d!crrrse of
body ralght rrs drEonstr!tGd li4l undrr
th! s!!c conditlons, rhrreby sketct!1,
rusctcg r!.! ro3tty aflactcd. In our
oxpellnont ! dllfrrent r!!ction inprotaln Irv.I brtyeen !l.pactor![i3 !nd
n.flbutrris yas obscnvcd. tthiLe ln the
forlcr casc thc protcin content dld not
ch!ngc, ln tha l,.tter onG it3 dactina
o c cu rcd, thus'lndicatlng'lts i ncrcascd
brcek dotn, PrctuiabIy ouscte dl strophy
rcportcd {n sooa histotoglc![ rorks llloccurr due to a d?creas€d strain ol thigh
rusctcg during hypodynary. 0n the othrr
hand, incrcsscd RNA vatuas during hypo-
dynroy Gxprcss a ror! int!nsive protaln
synthrsls. Duc to hypodynany thc total.
octrbotiso of rusctc protrlns ls
!pp.r!ntly cnhancld rith thc predooinance
of kataboLic proc!sses.
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RXSISIA}ICE OF }{ATURE ARAEIDOPSIS PTAITS TO }IECIIANICAL DEFOBXATIOX

I}I REIATION TO G-FORC8 DURING DEVEIOPHETT

A]1e[ f,. Erown

Bio LoSy DePertEent
Univer6ity of Pelnsy lvanis
PhtladeIphia, PA r91U4-42E8

III(ODUCfI0I There are itrdicatiotls that aore
structures of hlgher Plants develoP io reEPonae to
nornel grsvitationel stress but ehether Plant
groeth is selsitively adePted to the Eegnitude of
ihe o force ha6 trot attrscted ouch stteDtion on the
part-of experioental Plant mrpholoSists' If such

;daptations occur they r0ay elso be Phy6io10gic8l,
especielly in herbaceoud Plents whose steture de-
petrd6 chr.efI, on Esitrtenance of cell and ti63ue
iurgor. Conceivably 6uch Plants rrirlt be caPable
of reSulatinS ceIl tulSor itr responae to Prolonted
8lovth at s Srsvit6tioBel stress hlther or lower
than norDaI.

ge p€rforr[ed exploratory exPerl.Deot6 to
evaluste lhe Eesistetrce of Eeture AtabidoPiis thdl-
idnL planLe to itrcreased Dechanical stre86 due to
loading by a controlled ceutriPetel force and to
deterEine ehether that resistatrce va6 differeot
shetr tne te6t P1atrts ,ere groen iD siEuleted
reightleBsDess on horizantsl clillostat3.

NBTEoDS ABeptic cultutes eere established itr 50

ml centrifuge tubeB, In each tube one seed *46
placed otr the surface of I0 nl of nutrient agar.
Tte tube was covered rith a layer of 0.5 rlil saran
lJrep secured by s rubber bend' Grorth occurred
undlr conetant coDditions of teEPerature (24' !
loC) and fluoresceut illumination (150 f.c. Ilide
Spectruu Grolux coiinS fron above the seedlints)'
tlhen plante sere 2l ilaye o1d each tube eas subject-
ed to a l0 Ditr' period of ceDtrifugetion et a con-
trolled I level. The g folce eas iEpo sed io the
lorBel 8;ie1 directio! (centrifutetion eas rrrooto

out'r). The speed of the DC centrifuge seB adjusted
by a variac aad @nitored eith a sttoboscoPe. To

avoid overehooting the desired I value ehile brirl8-
int the centrifuge uP to sPeed, the atloboscoPe taa

set at e Ptedetemined value alrd the cetrtri'fuge
speeil ra6 cootrolled by lhe vsriac to schiere as

orri.kl, "" Dossible and thereefter to Eeiotsio the
ie"i."a rpr. ce[era1ly it required fron 40 to 60

seconds f;r the centrifuge to cone uP to sPeed so

that for at lee6t the last 9 roin. of the period of
ce[trifu8stioD esch Plaot sss exPoaed to exsctly
tne preeiribed g stress. The condition of eech
plani rae troted before aDd after ceutrifugstioa'

PIANT RES?otrsE It ira. Possible to recognize tix
cateSoties of Dech6nical effecti due to cenl!rfu-
gati;n. ID order of increasioS severity of Plsnt
co I IePse the6e sere:

I. llo detecteble effects.
II. IDciPieut col]ePse; shoot Do lotrger elect

but not set iouslY defotoed'
IlI. Partly collaPsed; 6t€n leans ageinBt wal1

of tube or tiP BaY be bent over'
IV. collaPsed; considersble Poltiou of 3l@

Ptessed against eSsf aurfece but aolne

Patts still' rais€d sbove the surfece;
ior" ao""t!" or bract le6ves exteDded; no

breakaSe.
V. CoEPIete collaPse; sll of flosel 

't€o,braucheg, and @st or alI 1e6ve8 pre6sed
firnty against eSat surface; tro breakage'

vI. conplete collsPse; evident bteaksge'
obviously the difference6 beteeen cstetolies cenmt
be aea,roid to be quentitatively equ6l eveo thougb
the proSressive arrey of re6ponse csteSories doed

a"pa"taot 6one DeaBure of plant resistance to a!i'-
aI-ly directed Dechanical gtreao' The sevelal cate-
gories ere rouShty in order of 6everity of Platrt
deforostiotr ead the arlay ceB be co!6ideled ea a

crude scale of Pls[t resi6tance to collaP8e.

RESULTS Io order to 8Ea6P the respon8e Pattern
or treod of the date se ne, sefely iSnole the utl-
(bubted ooalioearit, of the Plent resPoDse scsle
end arrey the individual plsst scores iu relatrc!
to the c;trtriPetsl ,l force each plent erPerieuced'
Figure t shore the arasy of resPonses thus "Plot-
t"i". tt" curve r,a8 fitted by eye to the ceutt'l
trend of the data obteitred frou three aePerate ex-
periDe[ts ' In catetorie6 I throuSh V the Plauts
vere not killed. I! a fev cases of iDciPient col-
lapee (II) the beEt portiotr of the plart 6teo a-
chieved pattial recovery althouBh thro sas unuaual'
ln dLL caees fl€!, ahoot Srovth subaequetrt to centri-
fuSstion uas erect and heelthy eved thouSh the eo-
tire thoot systeD ury have beeD colP1etely col-
lepaed atrd tbe older Parts rtiarned 60. IB so caae

e6s the pleDt kiIled by cealrifugatiotr eYeu uP to
the hrShest I value. iEpo6ed (390 9). Bteahage
(VI) sae never observed. DeforEetion a6 the re8ult
of epplied [echanical atreaa eea detected only

The PhysioloSist, Vol. 26, No. 6, Suppl., l98l s 149

ABSTRACT rrabidoPoi8 PleDts tere 8!osD irl cen-
trifuge tube6 undel t,e11 stendardized culture coD-

drtiors. Each Plant las subjected to centrifuSe-
tion (rools out) for l0 nin at one of a series of
cetrtripetal forces beteeen 7 al,,d J90g' No defotoa-
tion vss oboerved in Plents cetrtrifuSed at le38
than 359. An "averaget' degree of defonration tla6

attsined at about 609. ALl Platrts exPo6ed to @re
thao 959 uere ieriDslly deforDed but rDne wea bro-
ketr no! othersise dauaged irreveraibly eveB at
3909. In every caae uelj shoot S,rosth continued
noflnaI ry after the ceutrrfugstion.

A plent PoPulation Sroen on horizontel
clinosiate (0'5 rPl[) undet culture coDditiotrs ex-
actly the 6aEe es for the uPriSht Plaot6 resPouded
to ceutrifugation stress in a r?sy that ea6 not aub-

6tantiatly different frolr the re6Ponse Pattertr of
the plaots cultured uPriSht at 19'



% 1

.t
8

ebove 359 end t,s6 colataD! in all csses ebove 95g.
A rou8h estiDste of lhe cetrtri.petal force needed to
ploduce "averege" deforEation eas sbout 609 for l0
nin.

alfected by the pEeae[ce ot ebaaBce of a sElll ad-
ditional conpressio! force attributeble to olly a
!e!. grrD! of arss loldiat,

co
o

cs
o-

I

10 2' l@

Centripetal force, G
5 1o 20 l@

Centripetal force, G

Figure L Categories of aespoDse (otditrete) to IO
Bin eiposure to centripetsl force (abaciasa) by oa-
ture, 8reen, herbaceous pla,nas (Atdbid.oplie thalio.-
za) that hed bee! cultured under standardized con-
ditione in norEel upriSht (Ig) orieDtatioo,

Figure 2, CateSorieo of respoBse (oEditrate) to l0
oin erpoaure to centripetsl force (ebscisse) by Ea-
ture, 8reen, herbaceous plant s lAt,d.Udopoio thdlid,_
'ld) that had been cultured under the sane coadi-
ti.ons es ttDse that contributed date to Fig. I ex-
cept thet the plaDts had been grown in oiid/ldted
hypogravity oD lDrizontal cl iloslsts,

ACruOILEDGEUENTS the technical essistance of
R.P, Kuneivicz and P. 0,Dord yss eBpecielly belp-fu1, Direct finencial aeeistance 1168 provided
through e codtract betseen the llASA Anee Regearch
Center and the University of peonaylva[ia (l{AS 2-
22432) end bl e N|SA Sesdquarters SreDr in supportof research (ICR 39-010-104).

I{e oote that aorne readera Day institrctively
compare the plentt6 average Stress resistatrce to
36,0009.eec to the ouch loner valuee that have beeD
Eeported for Daa aDd even Duch sDeller Damals. It
aeeua e.ridetrt thet the hither plant6 sre soeethat
Dre overbuilt thrn are the highe! striDa1s.

EFFEUI 0F G-STRESS DURING PIANT CrrLTl,RE Since
Fi8. I characterizes the respon6e pattern of a
population of plents glorD to tnaturity in norEal
gtavity, ue uauted to coDpere that result yith tbe
reaPo[ae patterD of platrts cultrllated on horizotrtel
clinostets (siEuleted nicrogravity). tle used tbe
saDe culture conditioos io all respects except that
plent Sroirth occurred duritrg cootiouous rotation on
horizoDtel clinostats (0.5 rpm). Figure 2 ahore
the erray of results. Agein the data poi.ote vere
fitted b, eye with a 6olid Iine uarkiDg a cetrtlal
trend, 1o faailitate coEparioorl, the line froE
Fig. I is reproduced as a broken line in Fig. 2.
Iu vietl of evideot variatioD rrithio each respoise
patterD re r.ould !ot eant to claio that differences
rere sitnificaat.

DISCUSSIoN If the g force that prevailed duEiDg
culture of our test plent8 eftected theit ebility
to vithstend unfaailiar, high, 9 srre6s, thst
cotrditioning itrfluence ees trot enough to Eeke a
coofidently ideBtitrable difference itr our rela-
tlvely ctude iieeSuremnt of their resistence. lle
note, however, that the cells of higher plents, un-
like thoBe of anirnals, characteiistically deposit
eround tha8elves very stro!g uells thet per[it the
occurience of positive (and negstive) preaaures of
iupreeeive Degnitude--iD the staos of herbaceous
pleDts, co@Dly a6 high a6 0,5 to l: 106 p8 (5 to
I0 bars) and at tioeo ;s lon ae -1 or -2 x 106 pa
(-10 or -20 bars). Since plant cells aDd therefore
steE tissues are built to ,ithstend 6uch 66
enortrDua lange of pre6aures, pethsps ee ahould trot
find it surprising th8t stao stitftess is oot Euch
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CLINOSTAT EFFECIS ON SHOO T AND ROOT OF ARABIDOPSIS

Takash i Hoshizaki
Jet Propul s'ion Laboratory

Ca li fornia Institute of Techno'log-v
Pasadena, CA 91109

ABSTRACT - ln the clinostat environnent' Ardbi0op-
TII---tfrEliana (1,) Heynn. plants grown in cultures
rTii n-g limited gas exchange with the external atmo-

sotreri developid "above" the aga. media a 'large

miss of roots which eventual'ly covered the stem.

Cultural conditions were 0.5 rpm, 350 ft.c. from

cool xhite fluorescent 'lamps' and 25'C. Limited
oas exchanqe culture tubes Yere covered eith Sa'an
irap omyiar fjln vihile free gas exchange cultures
were pl ugged Yith cotton or polyurethane foam'

Average sh6ot-root dry xeight ratio of clinostat-
t"a, iirit"O gas exchange piants was 3.39 (p<0.001)

as iompared to lO.1 for upright stationary and 10.3
ior vLrtically rotated controls. Average dry
weight (48.3 mg) of all clinostatted shoots was

greiter than those reported by other invest'igators
ifS.f .q|. Finally, shoots of our clinostatted
nr"nt ere alnost 2x heavier (P<0.01) than our
iontrols (28.7 mq, 26.7 mg), a result cont'ary to
iinoinqs of orevious investigators where the cl ino-
statte; plants are the lightest (clinostat l5.l mg'

controls 16.5 mq and 17.2 ng).

were used the plants failed to produce seeds'
In vitro studies were expanded to exafline the

oravitTtlii?f effect by using cl inostats. Dul"ing

ihese experiments, an abnormal 'oot grov{th as

noieA on plants groring in those limited cultures
b;inq sub.i;cted io cl inostat treatnent. Part of
irt" iooit- were groY,,j ng away froo the agar medid

itonq re wall oi tne aontdiner and appea'ed to be

crowinq faster than .oots in the media' such

irowth-was not seen in free cultures.
' - it l, change in the growth response of the cl i-
nostatted root forms, in part' the basls or lnls
i"oo"t. To a better understand these findings' an

"ili"nition of the cultural and experimental condi-
ii6n. ,ut produced this change in root g'owth is
now q'iven.

I'IATERtALS At{D HETHoDS - The expe.imental apparatus
;as comorilAa fi a cTinostat with its plant holders
ina tl i,o""sc"nt I anps for the I i ght source , both

enclosed in a rectangu'lar container. Three identi-
ial clinostat systems were used in each experiment'
The svstefl used as the horizontal clinostdt treat-
,n"nt "was orientea Yrith its clinostat axis pardllel
io ine lorizontal plane. Two controls were placed

titt ,"i. cl'inost;t axes vert'ical . one served as

the "stationary upright" control . The plants were

;ot rotated. 'The 
second system served as the ver-

tical rotation control and the plants were rotated'
ihe cl'inostat conditions we.e 0.5 rpm' 350-ft'c'
i"om .oot lihite fluorescent lanps at plant level ,

and 25"C ai r temperature. Tempe'ature was main-

tained by bloliing in 50 Percent relative humidity
iir from 

-ttre teiperaturb- and humidity-controlled

INTRoDUCTIoN - llith the near advent of long dura-
tion space mi ss
i s requjred on
pl ants for food
ronment. Stud

ions having large crews, information
hori to grow multiple generations of
and oxyqen in d micro_gaavlty envr-

ies have been done on gro*ing plants
from seed to seed both in the weightless environ-
."nt of tp.ce (Parfenov and Abromova I9Bl; Yudin

I98l), and under simulated weightlessness on Earth
usinq clinostats (Kerminskiy and Tarkhanovskjy
igaoi erkis, et al . 1976). The difficultJ of
qroring plants as indicated by the poor growth or
ia'i 'luri to form seed i n space and on cl i nostats ,
has revea'led a need for precise cultural informa-
tion on groring plants froo seed to seed under con-
trolled in vitro conditions using simulated or true
we'ightl essness.

Besides precise information on growing speci-
fic plant species, the gror,th responses to various
cultural meihods and imposed environmental condi-
tions need to be documented in detail. Such re-
sponses must be well understood in order to delin-
e;te and identify p'lant responses that are primar-
ilv due to gravitational .ather thdn to cultural
co-nd'itions. In so doing, a basis for more precise
studies on plant responses to gravity can be devel-
oped.

In vitro methods for growing plants from seed

to tl're TToweri ng and fruiting stage under no.mal
gravity have bee n i nvest i gated (Hoshizaki 1982).
Seed to seed growth of Arabi dop sis thaliana (1.)
Heynh., the m

sperma,
i n those

Nutt .,
cul t

acc

the amb'ient
sealed limited gas exchange (limited) conditions

ouse ear cress, an

bi tter cress, lras
ures having a free
atmosphere ( free) .

gas exchange lri th
l,lhenever tightly

dCa

Thc Physiologist, vol. 26, No. 6, Suppl., 1983 s-l5t

r00m.
seeds of Arabidopsis thaliana (1.) Heynh.,

Colunrbia stra in-i67E-obTiinE-d from Dr. E. I'leyero-

witz, California Institute of Technology, and are

traceab'le to Dr. G.P. Redei, Univers'ity of I'li s-
souri . Seeds nere surface sterilized rith 5 per-
cent sodium hypochlorite solution, and aseptically
olanted into autoclaved 25 x 20U 8rn culture tubes
tontaining 20 nl of nut.ient agar media supple-
mented with sucrose and glutamic acid {Brown, et
al. 1976). The agar concentration was increased
from 0.8 to 1.2 peicent to preclude agar media sep-

aration from the tube wall. For cultures having
I imited qas exchange with the ambient atmosphere, a

sinqle liyer of Saian Hrdp (Dow Chemjcal) or mylar
(Duiont) ii lm was stretched ove|" the mouth of the
iube and held in place with two rubber bands t'ight-
lv stretched over the film I cm and 3 cm belolr the

"i.. The relatjve humidity (RH) in limited cul-
tures was near 100 percent as sunnised from the
continuous presence of condensate over much of the
interior wall of the culture tube' For cultures
having free gas exchange with the amb'ient atmo-
sphere, cotton or polyurethane foam plugs were

used. The RH was presuned to range from 50 to lqu
pe.cent since the minimum RH of the roon was 5U

S on v
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percenl. lhe walls of the free cultures had mini-
mal condensate |rhich was limited to areas adjacent
to tube holder surfaces and agar surface.

Plants were harvested two months after plant-
ing, and th€ shoot and root dry weights recbrded.
Shoot weights inc'luded stems, liaves,-flowers, seed
pods, and seeds xhen present. t{on-orthogon;l an_
alysis of variance was used-

RESULTS AND DISCUSSI0N - Shoots of ptants subjected
I o 

--afin-o 
s t at-t r-e etme n t were s i gni ii cantf y niavier

than those of plants grown in a stationa.y uprightposition or rotated about a vertical axis ltaole1), I'leights of our clinostatted shoots t{ere much
heavier than those repo.ted by Me.kis, et al .
(1976) and mdy be indicative of strain diffe.ences
in the plants used or differences jn the cultural
methods and conditions. Their fjndings of a lower
1g9n d!r weight (I5.1 flg) than our dry weights
(49.4, 47.5 mg) suggest a need to examine ihoroJgh-
ly cultural oethods as they affect plant groy/th;e-
sponse (Berry, et al. l98l). Analysis of the free
and limited shoot reights revealed that the clino-
stat effect resided mostly in those shoots grown inlimited cultures (Table l). Simila. analisis of
roots indicated no significant growth response to
cl inostatting under free conditions. Hoeieve.,
clinostatted roots in limited cultures were heaviei
than controls. This significant }leight increase ofroots (cl inostat 19.17 mg, controls 2.33 and 2./8
ng) influenced the shoot-root ratio and completely
nasked the two-fold tieight increase of the shoots.

In the linited gas exchange environnent, shoot
and root grorth increased significantly lrhen plants
xe.e clinostatted. one may speculate that the pre-
sence of condensate on the wall of the culture tube
prov'ided a m'il'ieu for the roots to gro, into re-

Figure l Root growth response of Arabido psrs.
Top-f ree gas exchange. Bottonr -'limited 

9as exchange. Fron left to
right - upright stationary. vertical
rotation, and horizontal rotation. See
text fo. more i nfo.mati on.

The bas s of the ncrease in mean shoot dry
r/eight in the cl inostat
the present tine. Furth
made to differentiate gr
responses to cultural
I{ASA Cont ract NAST-918.)

ted plants is not clear at
er i nvest i gat i ons are being
avitational responses fron
conditions. (Supported by
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roots grow mor
potential . I
c ul tures was
tat i on, the h
for root groNrth. ln some cases, the root masses
lrere large enough to entangle and obscure the stems
(see Figure 1). Such a response was not seen in
cultures where the walls were dry. The type of
root grorth response seen in the linited cultures
may be a detriment in culturing and testing plants
in neightlessness under conditions where transpired
and excess media moisture may condense on container
wal I s.
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CIIRONIC ffPOKT}{ESIS AXD 3 TBRIODS Otr IIIE SSRESS RDACTTTITY IN RATS

I. Poppol, K. Eecbtr u. haaao

DoDsrtDont of NeulopathoDhysloloryr HuEboldt-
UrdYerslty Boflh' 0m

Ia vl,or of tho offeot of a p€Ilaae[t hypokl-
lcaLa oD bqdJrfurctloDE 1t te ueoesear3t to coa-
sltle! th! dulatlo! of tho lrlJluenos ot 6tresao!8.

19 paraEetolrs f,ro! tho otldoorln€ r b!al'tr-
tlctebollo, bchaYloursl a.tld rrr.soe!8l f unotlols
rero tegteil aftor 1' 3 ard 6 reeks hJrpoklr€8is
aail 12 hour8 fr6o DotlLlty aa 8Jr lltolBlttelt
gqhdle).

Ih. roBlr1tB hdlostotl to 3 staSost
l. IlhiblttoD
2. ,-@obiuzatlon of adaptivo prlceaEo6
3. h@orblda 8te8o
Iho oatcoholsnlllea (fkr l) ahot a Porloaloal
oourso. lJter 1 rgol8 bypoLlno6ls a rlaer sfter
J r€eka e ver'lr dlsthot llso end aJtar 6 reekg
a tlrop 1r1 tho ho:Bolral 1ov€1 appoara.

LooordLll8 to that ohangsE perlodlcal pro-
oeaasa aro to aeea a'lso lE tho brai! uetabollo
aJd 1! thg 1ey61 of p€rforBallcoa ltl cotdltlotled
aYolalaJoco-lsarlllg (f1€. 2).

oppoBlte to tho rosultd after 'l tockr Ydrer€
the protsj.lr-ayBthgsla as roll aa tbe avolda.rc€
loarllDg lB reatrlotetl' arl optlrrBl leve1 ltr the
oqntrahorrou8 paraDetsrs &nil 1t1 tho Detsbollo
aotlvlty of blatr la to obEerve ajte! 3 rseks
str,gaE.

lhe negatlve gaotloDal str€sa-state caused
by proloDged hypoklcesls strees (5 f,eeko) wlth
a.u LDporteDt reBtrlot€tl avoids.troo lcardL€ ca-
paotty ls not to s@pelraate by the oDLy a fsx
srlaod Dgtebollo grocgsaos of bral[.

[o coEper! a.11 laroDetora roooriloil the ilatas
r.rt plottcil Ln auoh a taJr thet tho h18hB8t
valBg f,a8 rslatod to e nslauo alil tho lorest
ot1c to thc Dltd-Eurl.

lh€ bportart rl8e of tho b:rat! Eetaboll'e
after 3 raekr \rpoLlnc8l8 l]lduocs to a EoblLl-
zatlotl of aitaptlve proosaaear rhirt eftor 5 re€ks
atr€as ls to laootc [o Eorie (818. 3).

SlruJ.ta:lcoua to th. qotebollo oba,DSeE dta-
turbslo6E alo obgerveil ,,! thc a?oldaloa-leaF
dlca arit the a16sD-behaylour (!19.4).

lba ph.alo oourse la to gloofq a€ B trgnd
alEo la tho ontloorltrr fubotlo!8r oxorptlot ally
1l1 .aotylohol.lle (flg 5). Adtlttlon8lly al3e to
,tots tu.BotloDal dlE8ozl,atloDs botvoelr
l. CatooholsDlJror a!,tl Aoh. [hqreas tho oats-

oholallllrs are arls.dr tbc loh-lcvel 18 r1ot
ohaDgcal altor 3 tooka.

2. Botveen thr stloulatod atlrtrerSlo and oholl-
norglo systeo 1t lE notloable the nor€ €vl-
tleat rla6 of the N -lovol.

3. Bot eotl oortlcosterono antt lcIll aftor
6 re€kr \ypokbesla.

Iho dlEsozl,atlon o, functloDs, ihlch aors
!0a1y resct lll the aaoe talrr Luitucos to the !lro-
sono€ of pathogelds prooesaoE.

lhe Eystollo blootllceseuri and tho llooil
sugar 1ovs1 shox a contlnrous rl,se ilurln8 ths
tloo of the hfluottce of tho hypokllleslE.

Ihs 3 stagos' nenti.oned et the boSllln,.Eg
of the6e r6port could bo baaeil by tho fol'lof,tua
DochanlaEa r
1. I p&teqtLve tuUtbitloB agslDat oro86n1c

llcfluencaa e.s dsfltloil by PIWIOW

2. ln 8r166d adaptatioD aa a rgsiBtaroe-ata8o
aa d.qft!6d by sErIJE

3. A dlaaozlatl,on of funotionr wlth peluatlolt
hJrpgr.or hyporeactlvo reactlobs

lh0!ta!G

001t

o!6t

GI

006

E

I

!
:
b
a

Plgu!! 1. Plrlodloal oourrc of o.t.oho1a!r!c8
duriDg \ypoLr!.s r.!
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f'E fIIFIUENCE OF EIPOTGI{ESIS ON THE AS'I,IIETnIC DISTRTBUIION OT NORADRENAIJM III TIIE
NDOCoRTEL IfiPTOC1UPUS AXD St BREIIAT,S oF Rljrs

Iq Heehtr II. El]oer P. oehriet U. Poppel

DopartDent of NeuroPethophyeloLo6rr HuDboldt-udvsrslty
E€rllnr ODR

The furctLolu.l 86y!d1T of bra1l1 hoolsphe-
rqs lr a.td-Eals etd i'n the na! 1a rllevorrt to
adaptive prooeasles. Stuttiea ln pl1ots alxil cos-
toonauts have shoer, that tho asJtlsnetr? 4!tl dpe-
clal].Jr tho hard,e,lues plays a ,aporteJlt roll.

oks et a1. /1/ ileeorlbea ar a8y@etrlo d15-
trlbqtlo! for ltl I'rx tho CNS (thaloDus) of !ata.
nEtlror Ltrs hor ftoE ths llteratu.rer that
ther€ are 6tres6 ild.uqetl gha!968 t! the fung-
tlonal a8y@otr? of, brah.

Ihose EtBdJ waa &lltred to lnyeatlg&ts the h-
fluetlca of hJ4)oklnes16 on the aaJm@etrlc dLatrL-
butlo[ of qateqholall.Ir6s l]i the n€ooorterr h1p-
pocanpus aril aubronal8.

IIDITHOD

3 €roupg, ooDsl6tlDg of, rats tux 6ac}t oaser
rero EubJect6il to 11 3 or 6 ,€eks hypokhests
roapeqtlvoly. Iho oontent of NA f,s5 ilotemhoil
by a Dothod ileacrlbsd by chan8. the aaeplea rere
ts.kea froD th6 dlgfs].ont blalll tlssusa autljrg
the actlrlty liaxLrlu& of !et8 (beEeell 5 ard. 6
pr u.) arlit tlurilg ths rlrter tLDa.

th6 detaa ar3 sr.grlfioart oE tho poroS leve1.
fhe lovo1u-lg of tho asy@etrlo Nl-oonto!.t

1le the sublgna.IB after 3 reeka iwokl]resl8 lg
to soon in thg fouorlrg itataas
6ubro!a,].E loft 1211?7at\sl g

rtsht 1117kBTtvBl e
But to so6r 1a afsg an Slgyatlotl of tho NA

Ievel eft€r J rs6ka o@p8r1!€ to tho fl,rst
veek.

[ho leveULrc€ of tho NA-content 1l1 the both
heniapheros ls to obserss also after 3 and 6
weeks hypokrlosls regpeotlvely.

Itra r€6arkab1e that thslo La a posLtlvo
r€IatioEahlp betreea thq d,uratlon of tho \ypokL-
nesla lrflus!.co aDil the NA-oonceDtrati,oD sp6-
c16l1y ln the hlppocaropua.
hlppoc€lpus t. yoek 5. veek
r€ft 593i12i,de 91o!,1a5,u*1"ltsht 555=r5r\e/ s 9fi!6o/\c/ I
DISCUSSION

I! th€ Btu{y ropolteil couLd be proofed, that
the fulctlolral pethqql, rleooorter - hlppooeDpua -
aubreuala, rtllch i8 LDport&t to eeotloaeJ. r€ao-
tlobs a.rrd. streas ls ohe.ractqrlzed. by ar aayee-
trlo diatrlbutlotl of Nl,. ThBt fact l"nducqd, that
the as5rmetry of braltl Eay b€ ploofeil 1! the
peripher o!Ba),.s too.

obyloua\r r.s thc asJdmstrlc tU8tributlon of
Nl to fLld u.uder rol!a]' ooadltloDs. llylolinegLs
aa Etloaaor (as ve could ghov) lnducee a levgl-
ltnA of tho fu.nqtlon&I loteralLzatlo&

Ihersfo]le Ltis suppoaed thet the asjn@ctlio
furctloDs hav€ a relerlaroe to tho adaptl"6 pro-
ooaaoS.

Ihe tlslay of tho lovelLttr€ h tho lett-
rlght dlffe&DoeB of tho Eubrqna,ls could t!d1-
de that thc pbJ.loaelletlo yourger sttirctures
arg nore setrsltlve tg bJrpoHroEls strgEB tha,n
the 6ldor o!1ea o! thet the adaptlye proooaso8
ara uaeil eaallqr by tha or8elll8r! rsspootlve\r.

The atuqy, I riporteA thers, qoobLnes, !eo-
bably for tb6 flp€t ti&s, th6 F.oblehl of asJlE
E6tr1o fuictiola rrith tho probt@s of edaptivo
prlooesgga of of str€aE. Itrs of cou.rso qultoqloer, that lD furthsr BtuAtos these lolatloD-
strlp Dust be l]lvoBtl8atod d6eper.

RESULIS
Lu the control group 16 Bot tho f,ollorvlDg

rssults ltr tho dlfferent er9s8, tested.s
left rlcht

neocortex lS4is6,ue/ e 462=56 ,t 8/ s
hlppocaDpna 641!141 ,!dB 1o64:n6le/ I
subrenata 1o56kdt pd s, 7)2:EB tSsl I
[he d,ate wqre slgnLfltart on the p<0r0l level.

Itra to a6e[ that ths dlatrtbutlon lE co!-
trallat€lal betv€e! ths neosorter a.ad hlpposae-
pus qril anal-ogoua bstvree! the neoqortqx altl
subrenals.

Alter I weok L@robillzatlon th6 aay@etrlq
itlatELbution of lIA tn tho neooortor anil hLppn-
oaDpua dlaappga,rss

loft risbt
neocorter 532]€1 ,\p,/ e 54dt44,\cJ e
hlppocaopus 591!14,1 s/ I 555!3S,ne/ c,

lhe follof,lDa Aet'es of the orga/ rol8ht ltr-
illqate, that the tllfforetlooa l.a the lll-lovoLs
srs not to rgduoe to th6 dlfferent t[!^ea of theso
atrr.rqturoa r
aubrela-lr hLlpooEepus tloogortex
rlebt 28i6 8 50i10 a zz1:31 ,left 29:, S 47:11 e 217!2a I
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osymmetricol distribution ol 
^o.epinephrine

1soo! *1

llAuro 3. Coacentratlon of DoladreDa1lrg 1n tho
tlasuo of th6 left ard rlAht neocortoxr
hlppocadpus arid aubronala ltl ratE u.D_
d6r ooltlol gor*lltlona and. Lr tho
veok 3 of hypokLnosls i-rfluorco
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noocort€x, hlppooaDpu.s a.!d Eubloha,la
1I1 rate und,er nollal oolalltloB alld. hthe r€ek 5 of hJrpoktleels lDfluetloo
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ffuur! 2. ColcontratloD of IlA in the tls8uq of
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SIAEP CEIIIOES II AATS IIIXJCBD BY ISOIJOIIOBD EY?OKIIIESIS AND TBE.IIAD BY SUBSTTXCE }

E. wraht61, I. trol@atzqrar lL Ecoht,
!. oohnr, I. toppst

IITIRODUC?TON
Iaqr stuAloe durbg tho la€t yoats heve llld.l-

orta to iUffcrrlt hJDoldJ.erl8 hd.uoqil ohaDges ,-t1
body turotloD!. Ilc rosu]'tE aro i.eportalt alro
rlth rsgard to thc oondi.tloDs ol rqlghtJ€Ea!.lsr
Au.'lDg ooelo tUAhtB. 8ut b thego atudles ras
tlot oolatilrEd tho slaoD /1/. Ott tne other sltts
1t Ia oviilcrt, thst tho slecp ls lol€valtt to tho
Bilaptr.vo a&d protootlTo EsohenlrE of th6 or8adelu.

oua stu(y raa aLu6d., to lavostlgato the itr-
fluoroe of e pmloDg€at, lJlto:mlttsDil ,,@obl,llza'
tlotr on tho quautatlvc atld quaJatltetlvo oharate-
rlstloa ol Eleop eril to tost th€ s]ltl-atloss
rtlrot ot SP /), 4/ by usbg e \rpokl"reale-uode[,Ir prcvloua studl.a yo ooulil d eDo!.streto,
th&t ohargos b th! iLlff.rent paraeeterB ane do-
pord.lrg o! thc iluratlotl of tho hypokl,roosls l-n-
flucloc. lhortby thc IiLaaEa adrolu,LLuo 16Te1
thorE thc to1lor1:18 plotuEt
gggr Oroo4A/Er I o rOOOAy're/.l

' \rpokuoslar 't. ,c!F
o,0131
o ,0o2 y'r&/ ul

16 thc
to tho oatlqholalr-Dc8 hL8h1y af,footeil aftor 3
rclkr i.@oblllzetlo!, ;e ohoo8r th.Bt Ilait aJ l
atDosltlo! ol bDok&o818 for our st[ili,es 1!
sl e aP-ohargas.

DtpartEent ol !{curoDatholw8lolol0l, Uutlboldt-
Ultvor8lty Brr1l.u, Cm

6^ re.I
0,014:
O ,@) AEl al

vere sLutltaneous

RESUItrS
0n ar avarago the oortrols shor a veI1-ba-

Ianooal aloop-struotui€ (Fta. 1) wtth tho follo-
r1]lg portlorr of thq tlltforeDt vr.gl}aro€-Btag68:
I aotlvo rak€fuhosa 15 rqg r'|fr
II paeslvc rat€fultrosa 1o.4I).4$
III 8upsrllota1 Elocp 23.5;1.1fi
Moep alof, aleep 42 rQ:,1r37
T pErailorlcal sloep 1ah,3fi

A.ftor 3 reek8 hJrpokluesls the slgolFatructu-
16 ra8 ohaJrsoil 1! ar lEportsrt ertort by redu-
ohs, th6 aloeFstago8r above of al1 the d.eop
alos Eleep l,! lavour 9f thr wak€fulDeg8 (ftg.2)
7-2e r1=1.96*. Ir-23 )14 r2*, III-21.7*1.7 6%.
fl-2},7i4,1h v4,4a),62fi.

ths oyologra@ ol theas st!€3sed sJd-ha1s iB
Elaaed by a froquelt arve.ken (Ftg. 'l). Iu gone-
ra1 h o@parlrg the dtffere[t ilaJs (f18. 3) ald
tho ]rteboy 03 the dltfersltt staaos (119. 4)
th6ao arLEal8 ahgr & Eotorlo hyperaotr,vlty aa
rq11 a6 6 Labll slsop bohavlour and probleDa to
fsl1 a sIoep.

Ihat faots i-ndicate a dlsturbed adapttonal
abUltJr to tho €rporLu6ntal gltuatloa duttlg tho
61ceP-rt ooIdLD8.

I! tosthg the SP-1eveI ln bLood by noatl8 of
thg re(UoL@ul1o6ssqy-Dethod ras observed. a drop
1! SP. But as th€so reta rels trseted by SP-ard
sP-lFlllJ€otlotrs, lt eppeared tho phrsloloatoal
ror al^alsaD struotlrc (Flg. 1, 2,.3, 4)
!-1r.o41.5fi . tI€.*) r4*, rtl-la.*.5fi ,
T1-5o oOL4 o)%t Y4)4:1,zfi.

By oheoldlg aftor gotug of tho poptldes,lt
ra8 da@o!9tr8ted, that tho deacrLbed offect'hag
bcon Del-ntalllsd up to !6 hours. R€bolrnd. of the
pa,radorl.cel sleep f,sa not to Egea.

-{: fr-r
0'041 :
O,018 Aal81

ohangee 1/ aleep

IEtrSOD
lhc trsta rorq oallrloil out h 40 Er].a ri8tat

ratc (2OO-25Og) r dlvlilod U3 Bloupss oortnol-
grou,p. hJrpokfu,aBls ErA \rpoldDo8fu+gP. Ihs EEo
.ril gC raa laoorieil polygrBDblqally ovor 2
bou durrrA tha oiroadls,I! aotlvl,ty nirtr6u&
(8r0O-l2oOO D.E.) anil otr 4-5 ooDaooutlvo d.sJra.
DurLiA tlrr r.ooor{LDg tho rata rore llot fr:etl,
so that tley oouLd Dova ar.oulil thr crlterl.ueatel
bor.

Substsloa P (.lr8-Pro-I'Vr-C1Dpol-rPhe-?hc-
Gly-Lu{ct-llE, ) ar,il sl-an lo8otl S?-t ( Igre-i}rq-
I1c-G\r-1oud.l- 8,) ,r! lnJootcil t.p. 1! e do-
s.gc ot 12, /aelk€'€Ilit 25O lte/k8 t hour boforo
thr EC r€ofilll€ ras statrtet. Ih! al..p Btruo-
tutr t!@ thc !at1r. EBO sJlil g0 rroorilDg r!.r
odtlolzoa by the ELnuto-vau.E of tho yl;ual
rnr: yelao

DISCIJSgION
Ihe stuilles report€d he!€ have ahowr, that

I,rololgod \ypokLueeta ects 1tr BolLous que1ltat1-
vo ald. qu€ltltativo allsturb:tnoos aa wol1 of
slBeD as of tho abtllty tcdapt. [hose sl,iEptooa
dlseppeareil to a larg6 extcnt by Sp- ard Si-A
appltcattolg. lhat E6aJla, lt tras loaaibl"e, to
ttorDallzo tho dl8tuJibod sleep 1D lt6 stru;ture
i]lif dyrsElo by g?. tut oD q noraal Eleep-prof1-
Ie those p€ptldr hav6 Dot qrlJr effeot. therefon
1n regard. of th6ae p6pt latE lt could be deEolF
Etrated all lnd.uctlvo effect tor the d.eltB- arttpareilorlosl E1s€p.
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fhe il.escrlboil offect of SP:a ooDaldo&d as
a.D nolr-spoclflc eff€ct, as the yogetatlve fulrc-
tlona a.6 wo!,l as the lrypokhssls luduoed cha.n-
Bea lD thg edreEallEo-Ievel oouLd be lol!!s].l.zod
ad.illtloDsUy /4, 6/. me fo1lorl]rA rnechar,lsDa
are aupposotl to be the basi6 for the SP-offeot:
1. SubstitutloDql offoct

2. Ilhlbitotf llflueDcs of sP a! the blotJEtho-
als of ortochol.E1les alal oE cateohobDLDr.-
gLc r.erraoos /6, 7l

3. Stl.Eulstlla SP olloct dl-rectl,y on tloPaliLll
aJon bitlrcctly oB tho GABr\ sril eerqtord! rc-
lcsao.

.E Ed
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AUTOITAIIC SIAEP S{AGE NA],YZ3R 10 DRIEMTINE lHE IETSIOIOGICI], SISEP MOFIIA I}I l[I]I,
IONTBI ATD I}I R.AIS

l. Sqh].og61r X. E€obtr t{. PoppEl' J. Vespel'
B. fachtel

DopsrtEent of NeuroDathoplryslologr, Hulboldt-
uDiversttBt Berlbr oDR

gleep stuailesr as lt ls hor[, 0,16 collrsot€il
rith a larSo q[sntlty of ilatee.

Ihor€fore tho ol1rlcel EedlclEo (leuaraB fo!
a,n aut@atlq sleep atlaryala. Soyond lt physi.olo-
Blcal laboratod.ss at*l 8loups eD8.8oi1 i! a,DLEa"L

expor!&elta call for a bultivg8leblo uso of 6uoh
ala\rzer.

I,1 th6ss study la Dfeserltoa rlth referrnco
to tho vl8ual IEG, EUO 6.!d 800 aJcalz.sts a!
autoEatlc a19ep alalJrzorr f,orked out, coDatluo-
ted and tsated. h oua Labolatory ard u-sefqI for
stuilLos ltl rets, Eot*sy a.nil llt Ea!.

SubJ eotha the spocl,al eLsctlophy8lolo8lce1
eour8aa of each Epoclos (nan, aonley, r'at) tho
4Dallrzer ilgteats Lu the EEC-lrqquenoy bsnda tho
avenagoa aottvltr iroludt-Ea i.t8 htolrsl,ty adl
dulatloE. Rcgardilg to the EuaoLo-toaus (uan,
EoD.keJr, ret)r the rapiat eJre EovgDent (ea.!.
DoD](sy) ald the 8phdle ectivlty (&8D) 18 lil€!-
tlfieil tho eqtual aleep otage la lltolva1ls ot
30 sec.

Ihe rosulta of tho frgquenoy ara\rsl8 ald
the s16op qyclogrsr@ ls p:Lotteat tu@edleteIy.
lurthcr tho a,ualyzer Is eouliled rlth a nlcro-
coel,lrtgr.

Ir coEpartla tbo ylduaL rlth the autoEatlc
aral.lEl,E Lu rat8, as lt ta8 doue by &n orto!-
d.ona aDoulrt of datea, we got a correrpotldence of
thoae t o ana\rtLo rqya of about Botr.

Gelerally 1! the al,eep-sta€s arElysls 2 tsak
qre to dlstlrrguLsh.

1. sinplo stDg16 a.u&\rEls aupporthg ths
vlsual slra,ly8ls

2. Autot[etLo detectlor of Bloop stagoa

Variabl,eB slg,tala, cotlpler pattorE alal Lupols-
tart l.ut€r- a.Bil lltrahiltvlduaL dlleleletrcsa sro
to oolra1d6r l.tl tbg sut@at1o a!aly81s.

Bocausq of that aJ. sutoEattc analJrslE oarl
b9 usoal oDly t'lth a sLnultarreou8 oo[tlol by tho
erpsrL&entc!. Ihereforo th€ aJ.gorltlrE of tho au-
t@atlo a!8.hrsls shouLd bo srli1ar to that ot th6
rlsual aJra.lJrsls.

So aD aAaptablc hybrld-syst@ raa devslop€il
colalatbg ofr

2. I coEBrtorrprosra@ dolra tbo rlqubod
correctloE a.ud ths 6tBt1Btlo calouf.a-
t1ol1.

Ih6 loaults ar6 plottoA lD 6ach porLoil of
thg ara-1y6ls, 9o that the .rporr-uoater DqJr ,.rr-
fluoroo actLYe o! th6 sJrst€6.

CoratructloD eltl Dothod of rorktug of the
a16op ana\rze! an9 !6lrr6Eontoil i! ths foUorllca
flguros.

trlguro 1. Teqhrloal stluqturt of the alecp
rn. r Jrzsr

1. Ihq 81oep lh.tJrzor, ana-lyslra the Lnfotr
Batlola (B0r EUO, EOc) anil iletoctlDg the
eotua.l EleoD ata€c
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FiSu.ls 2. Eraoples of s19€p a.tra'bsLs l.u 2 ratE
tr{E aboYo to b€Lot for eacb rBt
- delta-aotLylty
- theta-acilvlty
- EuBo1e-actlTlty
- a16op-Bt8€64

llguro 4. lvBraged dlstllbutlon of aL6oP atagos
l! tho ooura€ of 5 houra

r$4rup.,r{i-;-....*.4JJ"r"i.u,r.,^,/.,!...], r.r.. .r,ry
{.l{Ai^rrh!r{r.\.,.rir-v*1.,-.{,1'aa,L|\.t.t,tt) u.t. . ti. t t
&-r-,,*i.s, j rj-,r:^.: !!t,<'t!,",--, .l* ..tb,

+n

lr\t\'-iu(li_!.r-,_,.r,.1-! -.r..r.t 2t)

t2
t!

fkuro 3. IIrarplos for tho autonatlq sleop
qr81Ysi8 l.Ir rian

Flgure 5. C@p€rslo! of tho vlaual (abovo) snti
aut@atio (b61ov) ars.lJrsl's
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lEE EFtrECT OT ETCIrTOXAT STRESS PRIOR T() TIIE ONSDf,

OT CETrITIrIEATTON O}I ACCDLERATION TILERANCE E{ PII.IyIS

T-Estltqto of AY1atl'ott llodlo1D. rYartaxr PoIrDd

ABSTRACT

Ccatlr.fu6€ orarLlat1oll r4dcrt.I(ctl ilr
tbc prc-rtr:ct Dta,llod lPsP/ o! 80 ttudout
Dl.lota hdr.oatad tha,t .D oPt1Dl Faaotlolo

of tlra ol'rou.I.atory ayltar aPlrasra to ba a!
lDorlara h lyrtol',.o al1d d1altollo blood

Pl:crluro 2"r" *u PDr"/r """1 
rz'tc /fr/

arad blood f16r volool'iy /aJ vLrhln rb
1L.Lt! of tloeD larotl'oD! r rl th e! addl-
tiorial l,!orer,t. la tbLa D.auctora Jult
baf ora r taltlat roLtrt. S troD6l.y orlrrc!-
lod aDtloD t! tll. PSP lrrf,Irrnoo! ulroB

tha +G!-T dcoac!.o.
TtrIRODUSITOTT

In rrry atudlr. a! l',lqea!. ln lhyrlo-
101061011 aotlvr.ty thaoh oeorrt. 1ta D,.lot!
dtElD6 diffcraat .ta6t! of flr'3btrer r.1L
a! i! Itastl,otl.I-a4f ttrqtr1!6 tg.tr rbaYc
boolr Dointod oet /1r2r3/. Autholr ha,vc

ylrl'orrtl:r attrLbutad thl't DhaDoDtlolr to
th. cffcot! of rottload ald to psyoholo-

6l.oal or sDot j.olal .trorr. SLdla,r ttat.!
oara bo obtorad lD tbs PSP of tha lrruaa
ocntrlf ugr c:ar.inrtloa.
YTIEODS

Tha crarl,Datl.oaa rare oarrled l.E a

!r"or{r of 80 tttrd.Dt ltLlott r8.d 21-22 ah.o

qrd.rrart, for tba flrlt tt-t!. iI,. tltcl'r
Ilvaa,gta8t +Gt rooalaratloDa 1E tba oaD-

trlfuct. I:1 o.[trlfu€r t.obDlqu. ra'r
b.aad olr url.nG llDaarly i.lloraaalD8 loocl-
.r.tloa ot otl o/. rDtl.]. 1o.. of rrL.Lorr

fl..ld rr. ob.crvtd lra tba .ubJ.ot.. Ir
thlr rtud, otrl, tb. .41r..r of m trlua,
Psr.,rPDr., * L, rlrt urd'rt'k'tr' Th'
Dht.iolotloal d.tr, rar. r.Sittarcd tro
rLrllt.r ttrtor to tJl. ttrrt of tb. ocattr.-

fuGt.ltto oontrol vAluot rara c.tlE tad LD

thr day pr.o.dl,tia tlr. o.utrlfuta t.!tt.
Tha craldDatLoB ratu].tr achLavad ledar
oolatrol ooBd1tloD. a$il durl'D6 PSP rcrc
ooalBrad rlth tba aoo.laratloll vBluaa

affcotiDg tlto .ubJcot! at tllo blood flor
a!.rc!t DDEI Lu tbo ta4)ora1 art.ry.I,ll'a
lolorrt ra! aooaDtcd at thc gbJcctr.va orl-
torloD for tba +Cy'f.I:l. a.Dalr.r.. of blood

oLrou.Latlot . Duarctcr. tat oarrj.od I'r aach

oaa. L[ dLrl.Lon lrato 3 Srot{t!. ft. dtYl-
lLota ra! balad oo .t,tr.atlo dLltrlbutloli
of tho r..qlt!, to tbat thc flrst trouD
l.aol'udod tbo tubJ.otr rlro b^d tbc loralt
va,lrrca of tbt p.raratrr ID qtra.tr.oBrlad
la tll. thlrd 6rouD - th. hlgholt.Nc.ta
iGgT aPPItod for lIatar-8rouD oo$rc!r..1oD! t

raa oaloulatad for gaoh 6rouP.
NESULTS

ER L8o!sa.. iD PsP rr. oodltDd lrl elt
aubjcotrrbut tbo oorehtlola valua batraou
m ..ad +era rlt Ec€atlv. /-or581 Daj rol/.
Tll9 rDalrll! lD lrouD. At6. I /should ! -
gt. t th.at lt l. tb. r.Ir6t of m. ,.tro!aa..
rboa tb. lolatrt of rtartlD8 tlr. o.Etrr'fu-
tr, that Dr.,. r.tr kllorta[t rol.It oa! b.
alro ooEoludcd fro! eDalyal! of Par" tbat r

rb.[ ooqrrrad rltb ooBtro.!' rraluca, tb1.
IEraratr tDoraaaa vqrflaa r batlr6 talt oot-
iv.ly: 34f i! sror.p rrigrSf 1! GrouD If'
aDd rllrSF lB arouD IEI. +Git ra. tb.
loraat Lu Crout, I, tdrl.oh raau1ta itr oo!a-

oludLD8 tD8t it 1. tlr. oot1trol yrlua of
Psrarand not ,.t! Lqeaaa. lE PSP rbloh
oLar1t l'dlucnoc. .ohl'.y,.trG a hl8bar
*M.PD.. .hor.al llGdf loaD.t dl,ff.rcno.!
tn frouf! I r.!d Ilf.I! 6rouD Ira PDra
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X. Yo Jtkort.I

door!a!. lEdl.a,taly prco.dad ! tarttDc
tho o€!rtrlfq6!, ard tho +Czif ra. ttr. loroat,

:IX.'Lilli. X'.Il".i::".* ilI""
vB1t!. of PDr. Dotitl'rrly Llrflu.D,oa +crT.
It oaE bo ooaoludod fro! Elt. I r.lult
aJrelyal,a, tbr,t a t!a!k d Vr inarrlala olr' thr
haad lcvlr, et tb. !or6D.t of . tartLrrc tba
oe!rtr1fq6!, obaorvcd l.tr ltrbJeotr l.E 6::oul!
I ald Ilrporit1vlly tdatrcllo.! otl +G,rf.
If VE lolal.Dr oa thl.c laortacad lcve1 dtr-
!LI16 th. l'al'tl.eJ. pot{od of ocrltrl'fu6iDA
a. E,.lr+Gz? r.aolrca tJra bl.gtraa t va'1ue..
I,o ootltrt,rt to th.re 6roqp., tha aubJaot.
Lta troup III oooqr to havc lorar blood
fl.or velool,tJr vaJ'tD! at the ! trltiraa
!ol!€at, rh1oh Ey llrf].uolaoc t{rou tb€ do-
or-oaco of +M.

FlA. t. Cl,aouLatory FraD torr duaLrra
oorrtrol srd PSP ooEDartd t1th COR +G,z.T
La dl'yl..l.oE L!'to 3 6rorrpr

IDtorl.Ddle1dt a]. dl.ffot'oao.r rars obacD
vsd 1!1 olrou-Ir,tory rylto|tr lraraDator.,
rhLoh ltrDlro.odly rcrulted froE botb pr.-
rtart ortlolra a.ud ooElr€Dlator.]r roaotlorr
of thc or8alrl.'r.It ha! aLro bcott rlotod
tba,t Lta .lrbJaot! r,.th hLAh IRra hllh al!-
plt tudc of PS.a,-PD.. ra. oftat1 forEd rlth
etld€lt deorr5le 6 nO," ard ila vt!.Tbolo
rubJoota rar6 ablo to orrdtEc ].or aooalc-
ra'tLon v!,].trcr olrly. Stroh elfqult,tgry Dara,-
E ter raaotl,oDa ruggratad tba,t arr eyld.lrt
deoraata l.r1 oaldL8o ! troto vo1te rr!!u1-
t1!6 fro[ tbortcntu6 of tha th. lcquLrod

f or rsf l-Lanrt' tha v.trtlloL. , oootEa l.tl
tho.q tubJcot..ft 1. Dortl,blc tb.t LE tbo-
.o or.cn ol.roul.atory ra!,gti,oD! raro Lliflu_
cnoed by a dcofa.ao l.a D.rlgb.ral va,.o(r-L,r
r.rL!t--oc r.ruItlDc fro! hlAb Lyal of
edrolca.Lla. lD bl.ogd.It rhorlld ba Er.k d
that rubJcotr ti.th luoll rcaotlot r r.eob
ralEl-ta-l, ooElroD[tory potlibr,llt1a! llrit!,
ovur tltou€b aooc].aretiorl E].uca a,fc atill
!.all;rlrotr th1. r tl!r.lu! Lr ooatitruoully
lt oraaa6d, tbo.a !aa,ot1gD! ala brckrtt too
oarly.Th.ro atrbJ€ots bavt b.atr oball,flad
a! o:loatlLvoL:r .lotj.on ]..Anrrf.ri! of bottrr
m. aEd Vt! h PSPr.ld th.!l r,t tbc Ld.t&,1
ph8lc of oot .trj,fucr-D6rrc.u1tr i.! a ooB.lF
lLota tha,t tboac Dararstor ilderat lr8yc
li.Alol.ftoaat l.dluaEco olr +Gra. SgbJcotr rb
rc.oh.d tbo ht{b.rt +crArh.d tbc 1oFrt
m uBdcr 2-3 C ald th..Lr Vrria lpl,tc of
b€1!r6 6redt 811, dgor.e.cd at tJll.! p.rlod
/rhon oorpa,rcd 11 th th. oth.r .ubJcot./,
rar a,lro ootrtbtDd oE a hl,glr6r !.crt]. thalr
tht oontlol vlLu..It .houlat b. poturtad
out tb.t do.pl.tc ttr. daorc.aad m at thl'.
pha,ao of osEtrl.ftrcitrg, tholc .trbJcotr rho-
rod tha hl,6hcat Lreoroare irl both IEI.D tor
Ya,h.. LE psp.
Conoltral,olr,: on€ of uro Dr.q affootlv. oo[_
poD.atorrr rarotLoDa of tha oLroqJr,tory
.Jra tar ir tlre lnoraato ful botb IEra.Dter
TaLrraa, clDaoLaUy rbrE prior to tbc a tar-
tlrog DDat.Eor.vcr, thl.. .lrcuJd ba gf,orr.nc
LD, IErallc1 to th. aooal.r.,t1oa 1aorcato,
uatl.l. thr.! yrluc raaoh.! t&. lovll .t
rhl.oh a doo!aa.! ltl y, ou tha bad Lvrl
baA{n-.
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OS,IG A]{D VOIWOREGUIAT ION U{ R.A[S flItH HEREDITARILY CHANGED EORI{ONAI BAIANCE

L.N. Ivanova, E. G. EltchaDinova, V.A. I€vrilenko r N.N.!{oIidi

I]xstitute of CJltology and GeDetlcsr Novosibirsk' USSR

ABSIRACII. Ivater a!.d ion excretlou af-
t€r intragsstric lnioction of 5 [L/'IOO e-
b.w. of waterr complete Rilxg€r ot 'l% -NaCl
solutioa was aoBpared. in Mstar rats(VIR) t
box0ozygous Brattlsbor€ ratsr- which lack
tbe antldluretlc bormone (DI) aDd also
1n spoDtaneously hJEertenslve lats (SIfi)
which are characterised by a hlgber atr-
tidluretlc horsoue (ADB) socr€tlon. In
response to the alteratio! ln the body
fluld volu.De a]3d osnolalityrth€ rats of
a1I starins wlth varyLBg borr0onsl balanco
were fouad to b6 able to excrets bLJDo-
a[d isoosnot!c loads auccessfully enouSb.
Eowever. tbey nalntain€d the volu!,e and
osnotic 'honeosta 

I is by different necba-
nisEs. D€p€ndlng on the pretest body by-
d,ration and tbe horaoual 1evel, both r€-
gulstina systsDs oxhibit a prevalent ef-
fect reipectively aDd tbus dete]miDe
dlffersnt effectivaness of the corlec-
tion and th€ structure of r€nal reaction
to the 1oad.

IMRoDUCTIoN. As follows flon spaco
flight obsen atlonsr tbe Period of 8d.8p-
tatlon to weigbtlessness aDd readaptation
to the Earth irevitv is attetrded by sig-
n:ificant alteiationi in the kidlxey func-
tioa. Tbe sinilar r€sults bave beeo ob-
talned. vrhsD studyin8 tbo i[oslsion offect
on fluid.-electxolyte netabollsn in test
sub-iects (1.2). Tbe correlation between
voline-. dsio-. and ionoregulation andt
respectivoly, tbe kid:eey reaction to tbo
watir and sait loads are able to ctrarge
d.epsnd itlg oa the 1[itj.al bo]EoDal 1eveI.
Th-us. it-wou1d. b€ hteFsti-u8 to studJr
tbe kitbey reactloD to hJPo- and lsotoLic
Ioads iD r€ts with hereditaryly cbangeal
homonal status.

I,IETEoDS. &q)arirents wsro perfo]m€tl
on wistax xats wltb a norroal hormoDal ba-
Iatrce (viR). honozygouE Brattleboro rats
(DI), whic[ are laCki.8 1! antidiuretic
Iiorm6ne (ADH) and bave tbe iDcr€asad ac-
tivity of the lenin-angLot eBs ln lysteu(RIs). and also otl the sPoataneously hy-
perteisive rats (siG) chsracterised. by
a fiigh ADH secretion and abno]Ial activl-
ty of RAS. Bofore tbe o)q)erlmeDts r a!l.-
nals w€re on a nornal aliet' watox was
available. Duri!€ the exp€ rj.Ee[t s r rat a
were load€d. per osr via catheterrwltb th'e

water or salt solutions (conpJ'ete Rlnger
or 1% NaCl), 5 r.I/1@ g b.w. and decapi-
tated 4 hr After the loadlu8. fo €valuate
th€ reaal fua.ction u.ader tbs loadrtho fcil-
lowinq crlt€r1a wsre used: the mte of
uri-naiv ftow (V).tbe glonerular flItr€ti@
rate (GFR). the os[oticalty fre€ sater rG-
absolitioi-(Tfi26) r the total aDd frsctlo-
na1 sodlu.n excietion (qr", r'qt"%) 'at tnt
peak of diuretlc or Datriuretlc reactioD.'

RISULTS. Ttre load wj.th Rl]lger solutlon
(F18.1) induced, in all ani-oals, a charac-
ierlstic voluneiogulat ing responso - gal::
of V.wbich was due to GFR increas€ and re-
duction in tbe r€absoq)tion of sodiuE aDd
water bouDd wittr lt. fhe f\"(%) rose 1n

all aaj.na1s, ard the TfiaO ctraneed insigu.l-
ficantlv. Th€ Eost proninent increase in
\. was-revealed ln sHR. An exaBgerated na-

triuresis iD' this strai! bad been also,
iorra i" sj,nilar experineats previously(J).
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The diuresls 1]l Df after loadlJlg was hlgh-
er thaa 1a flB or ffiB.Ehe €d1anced. diuretis
response was Eairxly due to tbe !16e of GEB
ald was not fo11owod. by change ln uxine os-
no1ality. The ilteDsity of natrluretlc r€-
action and the nachaaisn of lts iI€velop-
no:1t differed Eo slgnificantly fron tbat
of lilR.
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The water load (Fig.2) lBducod. chaD-
ges both La volum€ and osEolallty of the
clrcu].atiJ3g fluid. V/R aDd SHR showed. the
diuresls peak by the e:ld of aD, hour. The
\a at the dlur€sis naxlEum did. Dot dlf-

ragulatllg loactlon wlth'rthrowlr1g off', th6lsoosnotlc sodium solutioa, but d cLearcut rlae of th,6 uri[6 osroolality (to 7OO-
8QO aOsu,/I) as a r6sult of iacriaie G
Ti2O was r€v€aled. In otb6r wonls,t.b.o ef-
f€ct of th6 ioD balance waa rcRlstered.
1d.. the excretioD of sodfuill and- s1nu1t6-
nrcous- lncrease ln fr€e watsr reabsor?tlon.
And !b.en the Uos& was nore tban 6OO;Osq/1,
ther€ was a regular voluno resulatlo! wi-thout slgD.l.ficaDt changes 1n -Tfiro.

fer
stxa
the
ItrAri
tion
prof
ti.oa
thls
cret

fron that of restlng level ln aII
llas studied. Thus,the develoBnent of
dluxesis after water load was, pri-
Iyr- due to the osnorogulatln.g 'reac-
. The nost elhanced.-V, GER ,Dd nost
ou.Dd rsduction of TfirO at the roac-
peak were obselved ln Sm.. Eorirev€r,
peak was D.ot proloD od ard SER ox-

ed lesa water vo1uBe thaD. ViR. DI !at6
respoDded. to tbo volu[s a!.d water load.6i! dlfforent waJrs. Aft6r the load.l-r€ Do
sigD1flcaDt i.ucrease in dlureois wai ob-
6gr9od, tho decroase ln osmotLcally fr€€
water reabsorptlon EaE r0inlnuE 1Jc' conpa-
risoD with otb.€r rats. Ths rats lackad
4nH did not practicallJr respoDd to tho
bypotoDic wat6r 1oaal, howeverrperroaD.ent-Iy higb diuresis per:iitted th6i to excre-te lt.
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the lsotoaic sodium cLlorlde is coDsi-
dered by Eaqy lnvestigatora as a stl-nulusllvolviDg the voluroe ieBulatlotr. But co&-p19x iDterrelatlons betweeD voLu[e- aDd
ioD'oregulatlag systeus are Dotlcod wheD
coro-pariqg the reactions to Rhger afr, 1%
N8C1 solutlons ingostod by rati with dlf-
f€rent degreos of body hydrstloD.As FiA.,
shows, the structure of the reactlon(%-oi
value changeg wlth the circls radj.us bs-
lDg a restll1g leveI assuEed to equal 1O@)to the Ringer solution differeal from that
one of 1% NaCI. The fom6r sti-u.ulat€d. tbe
volueore8ulstory response atrd. l!' Dsltb.€r
caa€ tbe irxcrsase 1!1 osnotlcally free wa-ter reabsor?tion was obse]3 ed. The lacre-
ase in I'\.% wao sigDj.fica[tly 1es6 tha!.after sodlU! chloride loadlug. Tb€ srruc-
ture of tb.e reactj-on to tlte 4% NaCL load
d€pendeal on the IevoI of bod.y hydratioD.
When tbe lsotonl.c NaCl solutlon was glven
to hyalrated anllnaIs th€re wsa ao voluno-

llhus tin respoase to body fluld volume
and osr0o1allty changos, the rats of all
stralDa studled vrera foulld. to be able to
€xcrote bJrlo- and. lsoosrootic loaalo suc-
cessfully enough. However, they nalntal-
n6d the voluee aDd. os!0ot1c honsostasls
by dlfforetrt nechaDl@s. Depand J 'lg on thepretest body \ydratloD anat tbo [o:moaalIevo1, both regulatlng systens oxhlblt
a lrevaleD.t eff€ct r€spectively aDd thus
dst€ro.lDe dlfferent effectlvoaoas of the
correctlo! and the structule of th€ renal
reactlon to the load..
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Adequate information about the i{ork
performed by the olgan and itE blood supply
can be obtained from neasuring pH in the
effluent fluid, i.e. in venular blood anal
in smal1 I)rmph vessels. These areas contain
nunerous Poorly specialized endings of non-
inyelinated nerve fibers termed "tissue re-
ceptors" (5,5). These endings can be exci-
tetl by various rnechanj-cal and chemical sti-
muli of sufficient intensity, j.nclualing pH

variations that occur in the arteri.al blood
under normal physiological condj.tj.ons (4) .

Increase in netabolites and aci-dification
of effluent fluids enhance slow inpulsation
alonq the c-afferents originatinq in the
organ. This could be expected to lead to a
reflex recovery of the lost harmony (1) .

Disorders in the norrnal hydrostatic statug
that occur j.n weightlessness o! during pos-
tural effects also result in disturbed
agreenent between the work Perforned and
the blooal supply. This gives rise to a nun-
ber of autonomic shifts that constitute no-
tion sickness and cannot be easily tolera-
ted. The present PaPer discuases the com-
pensation of such shifts by the excitation
of lissue receptors.

In our experiments on dogs we simula-
ted an increasa of tj-ssue sonatic impulsa-
tj-on using electrostirnulation of afferent
fibers of somatic nerves. The electrosti-
mulation paraneters provided a highly ef-
ficient involvement of c-afferent fibers
that are directly connected with preanglio-
nar neurons of the s]'mPathetic conpartnen!
of the autonomic nervous system. The study
of centlal circulation resPonses did not
show slgnlficant alifferences in lhe haemo-
d.ynanic effects of electrostimulation of
the tibial nerve and the brachial plexus.
At the sane tine the redistribution of car-
diac output depended on the topograPhy of
the source of afferent impulsation. For
instance, electrostimulati.on of the tibial
nerve proaluced cardiac output redislribu-
tion into the cranial conPartments lrhile
electrostinulation of the brachial plexus
- to the caudal comPartments. Enhanced so-
matiq afferent inpulsation during tilt
tests (at 70' with the head up or down)
substantially increaseal circulation !ole-
rance. As it was cxpected, electrostinula-
tion of the tibial nelve during antiortho-
stasis proved nost efficient. The effect

of enhancetnent of somatic afferent inpulsa-
tion included improvenent of qualitative
and quantitative characteristics of stabi-
Lization of the majo! circulation pararne-
ters (Fig. 1), correction of the distrj'bu-
tion of cardiac output between the anterlor
and posterior body conpartments wj-th the
headvard blood flow being nore atable and
close to the initial level, anal increase
of outflow of venous blooal flom the depen-
dent cornoarLnents (3) .
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The ubiquitous tissue receptors ini-tiate both vascular reactions and reflexreactions aimed at modifying the circulat-
ing blood volume (2) .

Many authors have recently described
chenoreceptor structures of tha ventrat
surface of brain stem (VSBS) which are sen-sitive to pH of the blood and liguor. Our
invesbi.gations have demonstrated that
electrostitnulation of VSBS structures pro-
duces not only respiratory reactions aid
changes in the circulatory systemic para-
neters but also ledistribution of cardiacoutput in the cranial direction. Excitati-
on of the VSBS structures aluring ortho-
and antiorChogtatic exposures enhance cir-culation compensatory reactions (Fiq. 2) .

3. Kulaev. B.S., S.F. KhoIin, and A.E,Enes.
1983. l,lechanisms of
mization during post
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Intestine to pH and HCO.r Changes inPerfusion Solutions. FirioI. Zh. sssR
62,2t264-274.
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Thus, the animal body has a system of
leceptors that are sensitive to pH varia-
tions which ensures ailaptive reactions of
the system of fluid distribution.
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IIITERSERoSAL FORCES: THE PRESSURE ENVIRONUENT OF TBE CENTRAL CIRCULATIONS

AND NATUBETS INIE8NAL nG SUITS'| (Part II - The Thoracic Conteiners, Analysis Via The DSR)

E. A. Hoffl[6n, E. L. Ritosn, sDd E. Il. lJood

Dcpartrneot of PhysioloSy and BioPhy.ica
ltayo [edicel school

Rochestar, uinne6ota 55905

fhe stresaes of positive Gz acceletetiofl on the
csrdiopulEonary systea are countered in Patt by
deveral phy6iologicsl and enetoEical trechanisDs.
In Pert I of this report (see E. tl. lJood and E. A-

Eo ffDan, The Phys iolocist , thi6 issue), ee have
diBcussed severel of the bodyrs naturally occurr ing

head-down positiotrs sith lhe airsay closed, efter
aubs.queotly opeoing lhe eirlJay, and aSeio afler a
period of positive pressure breathing (PPB). AB

shou, in Figure l, chsnges in apical aud bssel- 6 Dogs, Ueon ! SE)

.'!'iG SuiEs'r such aB the pericerdial Bsc snd the cra-
oiuo. Protectiotr of the lutrg and ils circulation
againBt the adverse effects of increased G etPo6ure
hie proven to be the Achilles' heel (3,?,8,24,27).
Perticulerly siSnificant travitational effecte on
lung6 ere pulsooery stterioveoous shunting, acute
nediastinal eophyse@, aod atelectaeie (27).

?his paper eil1 focus uPotr the Sravitatiooel
effects on the thoracic cooteotB (iocluding the
.edias!inel atructurea) and the PoBsible ioportance
of regiooal 1un8 Seoietry aod its eltersliod by the
gravilatiooel vector.

It ha6 been ptopoBed and deooostreted (6'9,26,
27) that there is a vertically-orienled gradient in
lung erpansion t,ith the non-dePeoded! elveoli being
tnore expa[ded than those in the dePendent luog
reSioo. The coocePt of e Sradieot of lun8 exPan-
sion ees used to explein non-u.riforo distribution
of inspired gae (4,17) oo the basis of the "S'l
ehaped preesure-voluoe curve of lutrg Parenchyoe-
eod lhe Stadieot in tegionel lung erpaneion (25).
Although this erplanetion has proven to be u8eful,
it i6 eell-recoSnized that it does not elucidate
prioaty lechsniso6. Glazier end llest (6) sugSested
thet such noo_uniforu 1un8 erpan6iotr could be

erplained otr the besis of ,ei8ht of the lunS hunS

beloe e Siven horizootal cross-sectionel area of
lunS petechyDe, Xead (16) Proposed that one aource
of variation io regionel lutr8 surfdce expen8ile
forces !i8ht be due to e oisoelch betueen the luog
and ches! eell shapes. Agoetooi (1, pp 108-f16)
providea refereoces reSardinS tork related to these
viers es well ar oork eddressiDg the questioo of
the reletive idportance of the oedisstinel cootents
in influeucing regional IunS Seooetry.

Recently l.e heve asLed lhe question: trl{hat is
the effec! of Srevity od the lung under otheruise
iden!ical conditions of respiretory effort?".
Usiog e cooputer-ba8ed biplsoe video x_rey tech-
oique (8,9,14,22), chanSes io distsnce betrreerr
rediopaque IunS paredchytral osrters have been u!ed
to atudy regionel lung expaneion in inlect ane6the-
tized do8s. Three rreeks prior !o 6tudy, epicsl etrd
basal pereochyEal Eatkers sere placed percutene-
ously in the 1un8s of five dogs (9). InterDarker
di3lences (ruD) oeesured st end expira!ion (FRc)
sere less et the spex (average 3lI + 0.85 SEI.{) and
utrchaoSed or slithtly greecer et the base (everege
t3: + 5) yhen heed-doro aa coopared to the head-up
poriliooo durin8 sponlaneous breethin8. Next,
spooteoeoua respiretioB l.es aboli6hed eith IV
succinylcholine etrd I}{Drs eere oeasured i6ediately
after succes6ive leversals belseeo heed-uP and
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Figure I
Il{D velues in respotrse to chaoge in body Position
(?ith no interveninS breatb and lung air content
held coostatrt-6hsded regiona of Fig. l) were sioi_
lar to those observed in the sPonteoeolrsly-breath-
ing eniDsl. This is consiste[t sith the pri ary
cau6e!ive role of grsviEy under these circuo_
staoces. Ai.uay prea6ure changed froo 0.0 to +16.0
co U2O durin8 heed-uP to head-doen tilt end froo
O.O to -9.2 cd ll2o (one dog) durinS head-dosn to
heed-up tilt. This is Eost probably due to the
seighl of the abdonioal contentB snd PerhaPs of the
oedia6Einal atruclure3.

Altho*gh gravity is iopliceted in the changes in
regional lung expaoeioa, defininS the variou3
DecheoiaEa by ehich 8revity functiotrs requires the
ebility to 6a6eas the three-dioens ional csrdioPul-
Dotrery geoDetry and regioosl lung function sioul!a-
neously.

It is our belief thst studies rege.didS Sravi-
te ! iotral ly-redia led effects oa 1un8 functioo reoain
illcooclusive IarSeIy beceuse of oeesuaeoent elbi-
guities. Por inste.rce, oittogen rrashout curvea
yield oiople, readily r!flyable" (26) estiostes of
retiooal iahooogene it ies . Eotlever, Eechanisos for
the developEeot of the curvee sre only vaSuely
understood (5). SiEiIerIy, IeDr techniques pro-
vide a rouSh saopling of regional 1un8 function,
end oeesure[ents ere Senerslly [ade in isolstion
fro. other ioportetrt phyiologic a$d enatoric pere-
Eeters. Pleurel paegsure Eeasureoeols end lheir
idterpretetiotr have proven to be hiahly controver-
eial (9,10).

To study the gravilatiotrally oedieted altere_
tiods io lung Seooetry and fuoction in the I e
environoeot, ue ere eEployiog the Dyflsroic SPatie1
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ReconstrucEor (DSR, I2,18,19). The high teEporal.
resolution voluoetric scenning capebilitie6 of the
DSR offer the opportu.rity to gain previ.ously unob-
taineble knosLedge of the aEounts of reSiooel dis-
tribution of puloonary gas and blood voluEes as
r€11 as regional and 81obe1 geonetric inforo6tion.
IDages of cross-sectionel slices obtained via DSR
scsnning and subsequent coiiiiEi recon"t.ucriorr are
coEposed of e tro-dioensioaal slray of ouEbers,
eech nuEber indicating the x-ray eltenuation coef-
ficient (den6ity) of eo individual three-diaen-
s io[el cubi.c voxel . The volume i$age iB genereted
f roE a gtack of thin sectiong end Btored as a 3-D

CHESf IALL CONFIAUIAfIOII OF

SUPINE AIIO PRONE DOG

( ta. t ra, P.ntob.,bttot a...t^..id,
t.O..c DSR S.on.l.rnR stic. )

.srlEl sur.,.lo,
FiSure 3

CXINGE IN LAIERAL RIA CA6E OIYENSIONS
vtfh cqaxeE lN 80Df Postfto{

"t

array of nunbers. Up !o 240 contiguous 0.9 @
lhick trensverse iEaSes of the body ere obtainebl.e
in l/100 second repested 50 tioes per second. lle
are able to saople the voxel vslues r,ithin the
reSion of the nainsteD blonchus etrd the cerdiac
cha[bers es aeaaur€Dents of eir and t,watertt, ree-
pectively. These values are theo used to noruslire
the volure ioage voxel by voxeL to 1 air cootent
essuoiag e lioeer reletionship between ioage gray
Bcala etrd roedtSed atteriuatioo coefficient.

vENfRAL _ 00RsaL olsfals0froN oF
LUNA AIR COII|ENf RELAfIVE TO TLC

I

I
n

Icr

6:
J/a

, ifl, E'
wLutE etloa fLC. e

Fiaure 2
tri8ure 2 shors dsta froD e typicel eflesthetized

dog scaoned st three Btatic inflatioo sleps prone
and Bupine. the horizontel brightened linee euper-
ioposed on the ioage of a Ehin sagittsl. slice irrdi.-
cste the 1evels at ehich coronal sectioos of the
Iung field were aeopled. Regionsl eir content
(100 - I rater opacity) of the lung is oorEslired
to regional sir content et total lung capacity
(TLC) end plotred agaitrsr lung inflation steps.
ln the Bupiue position, decreaeing s1ope6 of the
curves erith iocleesing verticsl height of the 1un8
field eaopl.ed deEonstrste greater regioaal voluine
chanSe in the dependent versua oon-dependeot luDg
reSions. ln the prone dog, these regioDal. dif-
ferencee are significsntly reduced or abolishe<l(lI). Noce the leck of consistent order of the
curvea au8testinS oinimal influence of verticel
location ,ithin the prone lung. These relstioo-
Bhip8 ere quite consistent rith dste obcained using
Lung parenchyoel narkere ( 14).

Fiture 3 deoolstrete6 the drsEatic change in
6h6pe of bolh chest eelI (tranaveree sectioos a!
Tl0 1.vel - lower panels) and diaphragr (thin oid-
segittsl aectiolls - upper panele) uhich occurs ?hen
the doSs sre itr the supine veraua proie positions,

To inve8titete the contributioo of change in rib
coofiguration to this change id shape of the chest
,a11, ,e oeesured the distance beteeeo leterel. rib
borderg fron Elid coroosl sectiotrs of the saoe DSR
scans prone and eupine at FBC stld TLC (Figure 4).
Coltcoailaot chanSes in distence betreeo dorsal end
vedtral rib insertioos u6ing the interver!ebr6I
discs end Eid-sternebrs ss landoarks are de6on-
dtreted in Figure 5. while the lateral rib dioen-

.!--:-'- --
Fiaure 4

sioo8 at FRC are not significantly altered sith a
chenSe fror the oupioe to prooe po6iti.on, the
vent16l-dorsel diEeoioas incresse coosiderably.
In fect, the prooe ventral-doreal dioensiou at FRC
exceede lhe supine TLC diDensioos of each rib(ri8ure 5), srudies of doge ar auropsy srrSgest
thet this chanSe in rib ehape oay occur priDs.ily
et th€ costochondrel junction betreen the costal
cartilaSe end the body of the rib. This junctioo
appeara to aerve ea a pivot point giving the ribs
a aecood degree of freedo6, the firs! being the
8o-cal.1ed bucket hendle aotioo ehereby the rib
pivotB about its ventrsl-dorsel inBertion3. Itot,
the8e chanSes itr rib cege snd diephrsgE configur-
atioo Eight trenslete into verietions in regional
lung expeneion has not been fully iovestigated.
Tonel.li end colleeguea, using projection irlages

:
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t,ith inher€nt superposi!ion ProbleEs, suSgest thet
lobar slippage oitriBizes lhe eff€cts of alte.ed
configuretion of the diaphraSr oo re8ional veo!iIa-
tior (23).

lloffnan et sl.. (1I) heve sho5r that the ventrel-
dorsal Sradient in lung exPansioo is Presenl in
gupine, ebsent in prone, eod iB Present in the non-
dependent lung of the do8 irl the riSht end Ieft
teteral decubitus body Positioos. These observe-
tions, sloo8 eith observetions of the relaciYe
positions of the heert eithin the thotax (unPub-

lished deta), sugtest that configuretioo of the
chesE rell snd diephragt oay oot be a oajor ceuBe

of this noa-unifor[ 1un8 e:Psnsion, but ralher,
cardiec oriencetion sithitl the thoracic csvity
could be of PriDarY iDPotteoce.

Dsta froo a scan of e trro-toed sloth (ColoePus
EoffEsnoi - loaned to us by Dennis A. lleritt of lhe
chicago Lincoln Psrk zoo) also shored a ventrel_
dorsal Sradient io re8ional lung expansioo eupioe
rhich disappeared in the prone body Position
(urpublished deta). As detronsErated id FiSure 6,
the large shape change of the coopliadt chest rell
of the dog ptone vs' eupine (top penels) is absent
in the sloth ( lorrer panela) ehj.ch hss apProxidately
21 ribe and a relatively flotr-cospliaot chest sal1'
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Although there is aooe overall 1un8 volulie change
in lhe sloth supine vs. prone, the shift in the
diaphraSE is in 6 pistorl_Iite ooveoelrt tith eaae[-
tislly no chenSe in shape (unpublished). The coE-
Don finding betpeen dog and sloth iB the shift in
the heert froo e dorsel locgtion to a oore veotrel
locetion ehen turniog both do8 and sloth froo the
gupioe to the pro[e body posture. lJ€ hypoEhe6ize
lhet lhe ventrsl poBition of the heert in the Prone
body poslure aervea to Push the ventral lunt to e
leter6l positioo and in doinS so iEposea a Seooetry
ehich provides for greater uniforDity of regional
expansiotr. In the supine position, the venlr.l
lung reSiotrs fill io the space left by the heart
snd thu6 the veolral luog re8ioos becoD€ relstively
Dore expended. Bar-Yishay sod colleegues (2),
using a fitrite elarent technique, heve receotly
deEotrstrsted Ehe 6ddilionel effect ehich the reight
of the heart oight have on reSional lunS erpansion.

Releled to the effect of the heart on lhe Iung
i6 the question reSarding the ability of the heert
to function sithin the conslteints of the lu[8a and
pericardiur, i.e., its fleturel rrc 6uit" environ-
oent. Civen lhe chenge6 irl reSionel end global
lung cooplienc€ ehich occur due to chan8e in body
position, cheoge in Erevicational force environ-
Eenls, end oo nal resPir6lioo; hotJ does the heart
prolect itself egain6t lhe altered efte.load rhich
it EiSht encounter by "dre8gitr8" the veriably
cooplisnt lun8 rrith it durinS contraction? Agei[
ee are eEploying the use of the DSR to 6tudy this
question. The 3-D sheded eurface digPlaye (12)
shorn in Figures 7 and 8 deoonstrsle oul abilily to
detect the three- dilens iooel ehape and dioensions
of the ce.diac chaBbers rrith sssociated Sreat
ve6sels afld lhe surrounding EyocardiuD. Chsober
6hepe snd dioension6 sre visualized by oPacifica-
!ion via s vena caval injectiotl of redioPaque coo_
trest 6gent (Renoviet) (21). Accurecy of these
volunes detected via DSR scennitrg ha6 been shoen to
be sithir 5Z (13,15). Fror such en iEaSi.ng tech-
dique se have found, in a seties of Preliainary
experioenls on do8s, the totsl' cardiec voluoe
(including heart duscle, Eyocerdial bl'ood volut!€,
and celdiac cheaber voluDe) does rlot change betrreen
end diastole and end systole. This may account for
the [aintenence of norEal cerdiac outPut when the
air in the lungs is rePlaced by liquid fluorocerbon
in coojunction sith Eotal body water ionersion in a

rigid conteiner (20). 1t ePPeers es if the bese of
the he6rt functioos as e piston in thst it ooveg
tovards the epex as the ventticuler chsober8 erPty
and the atriel ch66bets iflcreese volure by a oearly
equal eEount. Thus, the heart is l.ell de3iSned !o
fuoctioo within its diEtended oatural C suit - the
pericerdiun.

SUR.ACE OISPLAf, C^aOl^C CXalAEl' a Ia''O'l V'slElS

Figure 7

Encl Oiostole End Systolc

i,RFACE OISPLrf I lN Vlvo xE^ei a rr./o, vfstEls

End Diostola End Syrtola
I. conclusioo, the totel picture of cerdiopul_

oooary functioo es it ir affected by the gravila-
tionel force environDent requires a degree of
sioultaneity of ioeasureoents previou8ly uoobtein-
able. To cooplete this expoae oo the "neo irnage
of cetdiopuloonaly function", rre have corpared the
area uoder cardioSreen indic6tor dilution curves
rith the aree under dilutioo cnrves obtained by
x-ray volusetric i[agin8, of the pessege of e
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rediopaque contr.st sgent (lenovist) in the eain
pulDooary artery and its aajor breoches. An E R8
dog ras enesthetized 6nd three levels of cardiec
outpu! eer€ studied. Relative chenges froo control
of the erea udder lhe dilutioo curveB obteined by
the tso oethods differed by less th6n lOt (Figure
9). Theee d6ts offer eocourageEent regarding our
future sbilicy to aea8ure regional floeinS blood
volures throu8hou! lhe lung vhich, rien coupled !o
oeaaureneota of regional verietions ia air content,
t,ilI alloe for thc unveiling of iuportaot venti-
Iation/perfu6ion reletionhip6.g
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FiSure 9
The DS& prooiseB to opeo up a nee approach to

Sravitatiorel physioloSy.
Supported io part by NII 8r.nr6 gL-04664,

HL-29885, RR-00007, and AltA Cranr-In-Aid 83-965.
Dr. Boffo6n is Ehe John c. Searle t{ayo Fcllot. the
euthors th6nk tlerge Fyobo, Steve Richardsotr, and
JiD Batrson for preparetion of text s.rd fiSures.
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IIIERHOREGIJI,ATION IN COLD- AND NONCOLD.ACCLIMATED RATS

COLD EXPOSED IN EYPERGRAVIC TIELDS

J. 1,1. Horoullz, B. A. EorI itz, and C, B. llonso[
Unlverslty of Callfornla, Davis
Depart0ent of AolDal PhysioloSy

Davis, california 95616

INTRODUCTION

CoId-accllmated rats chalLenged by cold-
exposure actlvate effectors for heat production in
a oanner that differs quantltati.vely froE noncold-
accllmated rats. ThIB dlfference e11oi.ed the
deslgn and execution of experloents that have
helped elucldate the mechanisms underlylnS the
inpalred teoperature reSulatlon observed in rats
exposed to hyper8revlc fle1ds. The lntent of thls
paper ls to discuss such experlments, The openlnS
sectlon places these experll!ents in context rl.th
studles on effects of gravllatlonaL fieLds on
tet[perature regulatlon as a rho1e. Subgequent
sectlons focus on the altered neural control of
speclflc therEogenic nechanlsEa.

0yama g! q! (9) rere the flrst to
deoonstrate that IJhen rats are exposed to a
constant hypergravic fleld their core temperatures
faII. thls observation, confiroed ln nul!erous
subsequent studles ( l, 3, 4, 6,?, I 1), I s noter,orthy
because 1l indlcetes that even though aoblent
temperature 1s malntalned aL 22-23 ect a
reLatively sEal1 lncrease ln gravltatlonal field
(e.g., from 'l 0 to 2.5 G) can evoke a large drop
(about 2.5 oc) in core teEperature, T^ (9). In
contrast, rrhen challenged at 1 G elth ieernln8ly
nore intenge Etressors (e.9., exposure to aeblent
telnperatures of 2 oC), rats are able to
appropriately activate therDogenlc effectors and
nalntain fo. lhus, the therEoregulatory systen Ls
functionally iDpalred by hypergravlc flelds. Ihe
fal] ln T^ occurrlng ln rats at hyperSravlty has
also been" seen In dogs (8) and nonkeys (2). In
all of these nanmals there ls a dorrnxard drift ln
core te6perature, and stablllzatlon of T^ occurs
at Iorler levels even though ambient tenper;tuae 1s
maintained at 2243 oC

By Iowerin8 or ralsing aobient tenperature,
the abllity of centrlfwed anloals to regulate T^
by activetlon of effector Eechanlsms can be moie
fully lnve3tl8ated. SeveraL !tudles have ernployed
a one hour perlod of cold exposure (about 5 oC) t
test the dynadlc responseB of rats in constant
hypergravlc fields (3,4,6,11), fter the range of
1.5 to 4 G theie r,as lncreaslng lnpai.rment ln
teEperature regulatlon as shol.n by larger
dlfferences ln T^ betr.een the end end beglnnlng of
the one hour pErlod of cold exposure (4). In
fact, the decrease In core teDperature, AL, that
results frol[ a one hour exposure at 7 oc"can be
described by lhe equatlon AT^:Z3G-O79 for rats
restrained 1n acrylonltrlfe holders durlng
erposure to 1.5 to tl,0 G (4). These studles
lnvolvinS responses to cold amblenb tenperaturea
have lald the basls for further exp€riBents Bhere
the altered l[echanls6s l.mderlfing this lrdpalrncnt
have been lnvestigated (6).

Such experlnents have focused on the neural
controllers that actlvale effector mechanisms
Involved ln heat conservatlon ( vagocon str lctlon)
and heat produetLon (shlverlng and nonshlverlng
theroogenesis, the latter belng the converslon of
cheolcal energy to heat by oechanlgos other than
shlverlng). The argument has been advanced that
dlfferent neural controLlers are affected by the
Srav1tatlonal fleld for different perlods of tlne
and that no.nalLy coordinated actlvities of the
neural controllers are dlsrupted by hyperSravlty
(6). The tntent of the present study vas to
evaluate turther thts posslbllity by exarnlning the
abtllby of cold-acclloated and noncol d-accl lmated
rats to cope r.ith cold exposure ln a hypergravlc
fleld -- the effector mechanlsns in each belng
quanti.tatively very dlfferent. that is, ln cold-
accLlEated rats that are cold exposed, oost (80I
or nore) of thelr cold-lnduced heat production ls
generated vla nonshlverinS thermoSenesis, vlth
little belng generated by shlverlng. In contrast,
cold-exposed, noncold-accllnated rats generate
most of their heat by shlverlnS thernoBenesis
rather than nonshiverlng pathr.ays (5). Colnparlng
the responges of the tio acclloated Sroups afloxs
functionat assessoent of the central neural
controllers for the tuo types of heat productlon.

METHODS

Tventy-four Long-Evans, hooded, male ratg
yere oaintaind on a 12 hour llEhtiark cycle and
provlded xlth uater and food (Slnonsenrs l{hlte
dlet) ad libltut!. 0ne Broup, CA l{as cold
acclirdated by exposure to 5 oC for aL least 6
teeks prlor to expogure to hypergravlc fields.
The noncold-acc I lm ated group, RT, sas housed at a
rooE teEperalure of 23 oC for 6 ueeks prlor to use
ln the experlments. nT and CA rats L.ere sloller
ln neightr 441 + 21 I and 44{ ! 20 S,
respectlvely. the RTrats used ln the exfrrlments
{ere younger (128 + 17 days) than uere the CA rats
( 168 + 12 days).

Core, ta11 and ambient tenperatures weae
Deasured uslnS Veco 32A12 therolstors; oxygen
consudption rras monltored in a closed-system, As
oxygen sas consumed it Bas replacd from a Krogh-
type splromelor (C02 lras absorbed by goda Ilne
placed beneath a riri screen on lhe floor of the
respirato.y chanber.) 0xygen consuoptlon rras
contlnually recorded using a Varlan chart recorder
and teoperatures rere Donltored rlth Houston
funlgraphtc recorders.

The Physiologist, vol. 26, No.6, Suppl., 1983 s- 169



ln. -one series of experlnents, oxygen
consumption rlaa heasured 1n unrestralned CA and RTra!-5 under four dlfferent condltlons! (a) T :
23 "C aL 1Gi (b) T. : 8 oC at 1 c: (c) T- ! 2taocat.3_c; and (,t) T"- : g oC at 3 G, In "a slngtetrlal a raL l/as _exposed to several of lhesecondltlons. That is, fror tlme t = O to I hr.,
Ta : 23 uC at 1 c (condltlon a); lhen from t : 1to 2 hrs., Ta = 8 oc at 1c (conditlon b). Thera! uas then expoaed from t = 2 to 3 hrs. to T =I "C at J G (condltlon d), from t = 3 to 4 hrs.ato
J" : 8 "C al 1c, and flnelly at t : q to 5 hrs,back to T-a = 23 oC at 1 c. I}le rates of oxySenconsul!ption rere Deasured over the chole 5 hourperlod. The valueg ltsted 1n Table l Irere
obtalned for Lhe last 30 nlnutes of each of thefi.rst 3 one hour lntervalr of the t.alI (i.e.,t:0.5 to t hr., t: 1.5 to 2 hrs., and t = aSto 3 hrs,) In both CA and RT rats, the rates of

Rats rere erposed bo hlpergravic fields (3 c)
on a 2.1 m radlus centrlfuSe. The centrlfuge
chamber ras mounted so that tt could rotate during
centrlfugatlon rtth the resultant of the
centrifugal snd gravitatlonal flelds aIl{ays
perpendlcular to the chanber floor, The directlon
of the fleld ras thus unchanged (although the
amplltude ras varled fron 1 to 4 G) and ra!
orthodyramlc !{lth respect to the anlEal [-Gx cf.
(1)1.

Data v,ere analyzed uslng a t-tegt for
comparlng 2 meana.

RESULTS

oxygen consuoptlon betreen t . 1.5 and A.O hrs.
$ere 91nl1ar to those at t : 3,5 to 4 hrs., and
the rates of oxygen consuEption betreen 0.5 and 1ha, eere lhe aa|ne ag those betueen q,5 and 5.0hrs, These latter results indLcate that themetabolLc regponses of the rats urere not
irreversl.bty altered durlnS the colale of a glven
ex per lnen t .

In another series of experloents unrestrelned
rets riere exposed to the follorlng paradlgm! fronllme t = 0 to t : I hr,, T- = 23 oC at 1 c(condttlon a)i for t = 1 to 2 his., Ta = 23 oC at
3 G (cond ltion c).

As sunmarlzed 1n TabIe I, rates of oxygen
consudptlon In both RT and CA rals at .l c sere
conparable at 23 oC and also at g oC, each
approxlmately doubllng durlnt cold expo!ure(Ta = 8 eC). llosever, Ln 3 c flelds at T.:8 oc,
the rales of oxygen consulnptlon of CA rSts rereglSnlflcanLIy greater than i.ere thoae of the RT
rats.

In e second type of erperlDent us1n8
restralned rats, T- was measured to asse93 the
thermoregulatory atr111ty of rats 1n hypcrgrgvlc
fle]ds. At 23 oC, 1 c, T^ fell ln both CA;nd RTrats durtng the lnltlaf perlod of restralnt,
stabillzlng at 36,7 a 0.4 for RT and 32.1 + 0.3 oC
for CA rats by the e;d of t hour. l{hen tle rats
vere ther exposed to 3 G at 23 oC' both CA 8nd RT
anlmals shoeed an addltlonsl fslI ln T^, and the
nagnitude of thts fall xes slnilar 1; the txo
Sroups. ltrrever, rhen lhe rats flere subsequently
erposed to 10 oC at 3 c, there occurred a !6all.er
fell of Tc ln the CA vs. ihe RT rats (Table 1).

TABLE L Effea of cord occlrmorron onthe rot6 ot oryoon consumptron
ond on th6 corg lemp6rolure of rols erpo3ld lo cold Ond hypororovityo

Noocold Cold
Unrcttroined rols occlimolod rol! oqclimotld rots
orygen consumptionb

oi lG,23'C
qr 3G,23 'C
ol lG,8 'C
ot 3G,8'C

R6slroinod rols

187i r.8 (5)
lg.O* r.O (5)

44.2 *2.6 l5l
28.8 t r.r (5)

2r.2 t o.5 {5)
22.8r r.7 (5)*
40.313.r (s)
39.Ot t.2 (5) r

Coto lamoeaolura c
ot ic.23.Cd
ol3G,23t'
or 3G, rO .C'

hongesc
-o6ror(5)
-2 2 ror (5)

- t9 ro6(5)

-0.3 r O.r (5)
-22r0.5 (5)
ro.r t 05 (5)

"V"lu"" """ X + SEH for the nunber of rsts tn ( ),
Rates of oxygen consunptlon represent those neasured
durlng the last 30 min. of the t hr. period (see text).
VaIues that differ slgnlflcently (p < ,05) betreen CA
and R? rats are deslgnated rith an alterlsk (r).

boxy8en consgnptlgn values have unlts of
tr 15 02' Eln-l.kg- |,

cCore temperature valuea have unltg of oc,

dDlff"""n"" ln Tc frora .5 to t hour at 1 G and 23 oc.

"Dllf"""n"" ln Tc for the 1nitlaI hour at 3 G, 23 oc.

fD1ff"""n"" ln T^ over a second hour at 3 G tlth an
added period of ;old-exposure.
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DISCUSSION IGIG 3G

At 3 G, rest.alned CA rats challenged rith a
t hour period of cold exposure Eore closely
regulated their core tenperature around nornal
levels than did slollarly expored RT rats (the
falI ln Tc occurrlng durlnS cold exposure at 3 c
tras less in the CA vs. the RT rals). These
flndings are conslstent ,1th those of previous
experinents at 2 G lllth rats accll,nated to 5 oC

prior to cold expoaure at hypergravlty. In these
2 G experloents, the chan8e ln T^ after one hol.r
of cold exposu.e ras only -0.2 oC"for the CA rats
lrhlle for the BT anloals lt ras -0.8 oC (1).

The observatlon that CA rats more effectively
nalntalned l.arn core tenperatures r.hen cold
erposed at hypergravity i.s cohsistent rith the
flnding that these cold-exposed, CA anittrals
lncrease thelr heat productlon to a signlflcantly
greater degree than do the RT rats. that is, the
unrestralned CA rats akdost doubled thelr rate of
oxySen consumption tfhen cold exposed (8oc) at 3 G
(compared to thelr .esponses at 23 oc at 1 G). In
contrast,!he rate of oxygen consumptlon in RT

rats exposed to I oC at 3 G {as only 60l above
that at 23 oc, 1G. Tlle reduced response of the
RT rats has been attribuled to (a) the fact that
cold-induced heat productlon in RT rats primarlly
reflects shiverlnS while i.n CA rats there is a
shtft to nonshiverinS therinogenlc patheays (5) and
(b) shlvering in the rats tends to be depressed at
hypergravity as a result of increased denands on
the skeletal musculature for postural bracing (6).

the results of experlments elth cold erposed
CA and nT rats at 3 G are suDtllarlzed In Flgs. 1,2
and 3. Flgure 1 gho rJs receptors for subcutaneoust
Tsu and deep body teoperature' Tb (1.e., receptors
1n the hypothalaDus and spinal cord) relaylng
siBnals to perallel controllers in the central
nervous sysLem (10). Signalg fron the controLlerE
then actlvate therooregulatory effectors. In CA

and RT rats aL 23 oC, shlvering, NST and heaE
conservatlon effectors are not actlvated to offget
the fa]1 of Tc at the onset of centrlfugatlon
(Flgs. 2'3). B-y the end of t hour ab 3 G, 23oc,
the lot{ rate of oxySen consunptlon and falI of
tail temperature lndicate that heat conBervation
effectois have recovered but theroogenic effectors

or2l
TIME (K)

Fi8ure 2. Effector activlty' core tetnperature'
T-, tail tenperature, T+' and oxySen consunption,
tti., aurtng perlods of 1G and 3 G exposure at
23'oc and 1o oc ln noncold-accllnated rats. the
size of the arrolls represents the magnltude of
effectoi activitY.
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llote: Curves in thls flgure (and in Fi8. 3 bel'oB)
are ideallzed (not plots of actual data).

@ I

-i Hn

I

)rr
I

I

23'c rcfc

Tc

Tt
,;

Figure 1, Paral.LeI neural controllers and
effectors. S18nal5 froo subcutaneous receptors
aae denoted by T-.., siEnals from other receptors
(e.g., those ln th'ihypothalanus and splnaI cord)
denoted by T*, Heat productlon fl'on shlvering and

nonshiverinE thernogenesls is represented by Hs

and H-, respectively. Heat 19 conserved by
increa'iln8 vasomotor tone, vT.
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Durlng exposure to the conblned stressors ofcold and hypergravity, the bhermoregulatory
response s of the CA and RT rats differquantltatlvely rlth respect to the aoount of heatgenerated. As lndlc^ated by the stable T^ durlng
J U exposure at 10 vC, thls dtfference'(due to
Sreater rates of heat production 1n the CA rabs)results 1n nore effective aegulatlon of core
temperature in the CA rat3,
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Biological scaLinq fron cells to Environmerlt: A Prelude to Gravitional Explanations

william A. calder rrr

EEpartment of Ecology and Evolutionary Biology University of Arizona
Tucson, Arizona a5721, usA

The influence of gravity on anlnals dePends
on boaly nasa U). Snall j.nsects are oblivious to
gravity, but are alominated instead by surface
folces. Mamnalian tolerance of gravity is inver-
sely related to q. Glavity has been irplicated as

the cause of the fanilia! l{ascaling of basal
netabolistrr in at least three ways: l) a conProftise
betrreen delEnds of theinoregulation and gravity,
2) the preservation of eLastsic similarity to re-
sist buckling due to gravity, and 3) as an ener-
getlc cost of gravitational tolelance.

Pirst I review the allonetry of basal meta-
bolism, thernoregulation, maximurn aerobic activ-
ity, and estilrateal total dailY metabolism in na-
tu!e. Then I examine the qravitational hypotheses
that seek to exPlain I't4 scaling. Pina11y, tie
allometry of lifetime energetics and life hj.stor-
ies are surveyed. I conclude that it is not yet
possilrle to decide which explanation is colrect,
anal t}lat resolutron of this problem rnay require a

broad interdisciplinaty approach.

INTRODUCTION
Kleiber's trpuse-to-steer curve (17) estab-

lishing the Mlqscatj.ng of netabolic rates rras only
an empirical correlation, but a.bundant confirmation
begs for causal exPlarEtion. Gravity has been in-
!.oked as a factor in netabolic scalinq in at Least
thlee nays. However, conformity to ld+rates anal

ltt ti[les occurs throughout the biology of home-
otherms--in reproduction, growth, and ecology,
indicatj.ng a need for allorEtric survey of the ful1
spectnrE fron cell to PoPulation biology before
accepti.nq causal exPlanations from within a single
discipliDe. Limits to appLicability of M scaLing
mu6t also be recogrized. Metabolic scaling changes
when comparisons are from coDditions other than
basal theriDneutlaLity.

METABOITC SCAIING
Basal Metabolism (6min). Kleiber's rule (17)

retatinq rnin and (body rnals, u)ahas been verifieal
repeatedly even ln unicelfular animals (I2a). lte
physlological support (ninute volune, cardiac out-
put, renal clearance, has compatible ra4scaling
(2,5,6). Recentfy Kleiberrs rule has been ques-
tioned by Heusner (13,14,15) riho argues that rnarlF
nralian iorgi data shoulal be regressed, not as an
int€rspecific log Eldn vs 1og M t-hat yields the
fani.liar y+ slope, but as a series of intraspecific
reglessions with parallel slopes of ^,1/t. rhe
allometric coefficients a (i.rl i*ir.r=aUb) were
positively collelated L,ith body size (13,14) but
it eas suggested later (15) that a "may represent
a physiological intensive property,, intensive

properties being s ize-independent . The data came

from rodents (Bice, iats) at the small end of the
size range, carnivores (cats, dogs) in t}le mid_
range, and artiodactyls (sheep, cattle) at the
large end, but it aPPears that body size rather
than phylogeny alominates a. In fact, that trend
is necessary to genelate the steeper slope in the
interspecific regressions that lunu) al'l eutheriaJ|
marfilals,

thus, vre can assess the influence of body
size over the full range attained in a class as:
1) a singIe, simple regression that has one slope
(tAfor Emin) and one coeffi.cient, or 2) separate
intraspecific legressj-ons that may have paralIell
stopes and afl auay of coefficients- Either pro-
cealure is vatid for showing the effects of size
(10). lleusnels average intraspecific regression
exponent, 0.67, may be explained as a surface area
functj.on, but raevived "surface lar," seems inaale-
quate without e)Qlaining the Positive allometry of
the coefficients a. The loqarj'thmic form of th€
allometric equation is:

lo9 6nin = log a =b log u (1)
where t6in is in $atts, a is the intercePt with the
vertical ixis, b is the mass-dependent sloPe, and

M is mass in k9. Heusner's valres for a in 7

species are a function of !l:
1o9a=O-52+0.115 1og H (2)

substltuting flom eqn. (2) and Heusns's nean b
(0.67) in eqn. (1) :

1og inin+0.52+o.12 toq M+o.67 1og M (3)
Heusner has, in effect, broken down the mass-deP€n_
dence of the Kleiber equation into tro conrponents.
consolidating the 1og M terms gives a cornbined
slope of O.?9, essentially Kleilcer's /4.1
rherrcrequlatign. The loeer critical temp€rature
(Tlc) is the lowest environnental terpelature (Te)
at which Emin is sufficiert to Daintain a nornal
body tempelature (T). Belo, Tlc) E tuust be in-
creased in linear proportion to the differential
Tb-Te:

i = h ($-re) (4)
where h {!ratts,/6c) scales as uk. substituting
scalings into eqn. (4) at Te=TIc, note the !4k
dependence of the differential (Ib-Tlc):

66in=h(g-T16) a M - M! (\-rlc) (5)
Belo, 11c, E is not proportional to . ltrus t'1

scaling in thenpneutrality colibines the t{L of the
heat transfer coefficients and the ut of thermo_
neutrality.

Activity. Studies of running loco-Maxinur Aerobic
rDtion (26) and subsequent analysis (11) reveal
arDther aspect of metabolic scaling. The total E

during nrnning is the sunl of two costs (5), trans-
port S that is linearfy proportional to speed (u)
plus a "zero-speed" or postural S:

watts=izero o +(Sg1snsp6y1)'(u) (6)

fhe allo etric terns for the whole ani.rnal zero u

anil Sgp6n5pql1 are 5,03 M0.70 and to.7 u0'68,
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respectively ( 26) . Ihe scaling of totat f becones,
at the tEot-gallop transition and at maximun aero_
biosis (ll), respectivelv:

! = 6.63s0.70a19.7M0:68xL 53MO,24= 24-1,t4}.A6 t7\
f = 5- 63s0. 70a19. ?MO. 68xl. O6MO. 15=:9. 6yO. tS 

1 
gj

Although b (O.79 to 0-86) is sohenhat large! than
basal 0-?5, the factorial scope, for increase above
the zero-u level is much nore siqnificant for
Iarger manrnaIs (tO.6a+0.24=HO.92: M0.68+0.I5-
MO.A3).

Hetrsnerr s stelFfunction bet\reen species,
than as a continuous consequence of size
eithin a species?

)aathe!
increase

energry requiretn€nts or average netaboiic late per
day would cofibj.ne basal fiEj,ntenance, thelllE-
legulatory, and activity costs. Estimates fron
ti.me and energy budgets as rrel,l as froh measure-
ments of isotopic aater tulnover both inaticate
that metabotic rates have a lower scaLj,ng exEonent
of 0.60 to 0-67 (12,271 . thus there a!€ several
exponents to consider: in evaluating any influence
of gravity-

GRAVITATIONA! EXPIANATIONS OP Ugl,'SCATING
At least three explanations based on gravity

have been given for Kleiber,s scaling: cornpromise,
elastic simifarity, and gtavitational tolelance,
Cohprorhise. Numerical simplicity nakes an at_
tractive hypothesis, attributeat to xteiber by pace
and Smith(21) . cravitationaL toading is p!o_
portioned to M while heat toss sca.tes as !ry+ Thus
lr 7'l scaling of E in may be a comprohise between thetrro. ItlatheDatically, the univelsa1 !.tVt coDproirise
eould give heat loss three times the influence ofgravity.

3M'/LM - t t/4 
(9)

Considering the great range in porld ctimates,
l,ould natural selection have been so inflexible
beteeen netabolic denands of the tropics anat the
arctic?
Elastic sillrilarity. rvo animals of ilifferent sizes
but simila! in their elastic Iilnits or resistance
to buckling lrilI have aliff€rent proportions of
diarneters relative to linb and truck lengths.
llcltahon proceeded from Rashevsky,s analysis of
relative sagging due to self-toadinq to contribute
the first direct prediction of tt3lr scatlng for 6(19,20). Holrever, in fiEmrals other than the
Artlodactyla, scaling of characteristic te.gths
does not confonn to elastic sinitarity. Alexander
(1) has detailed the objections and alternatives to
elastic sj.nilarity that indicate its i.naalequacies
for tying metabolic scaling to gravity.

LIFE EXPECTANCY AND I{ETABOIISM IN NATURE
The scaling exponent for ]ist expectancy(texp, da.) is greater than that for tmax (3) , just

as the scating for metabolism in nature (fuitd,
J,/da) is ]ess than Mv+ (I2). rhus large mi ils
and birds tend to Live a time, but at i recipro_
cal1y less intense than those of sftaller animals.
fn the case of the mamtla]s, this is:

tsxp x i: ul.0 = (1854!t0.35) teo2uo.55)/xl.o=
I-49.Ioo kJl {kg.Ii fet ime) (1I)

tttis is essentially indepenatent of size (UO.Ol) and
of the action of gravity effected atisproportional
detriment to the lives of larger marmals, why $ou]al
their life expectancy tend further towards the
physiological naxilnun?

Field tretabolic Rates In nature, the tota]

PHYSIOIOGICAI, TIME IND IIEETIME METABOLISM.
Over one-half of the body mass is apparently

PloPortioned the same in both large and small, :!am-
nals; nuscle, blood, heart, 1un9s. and spleen.
Thus the capacity to do work and to supply oxygen
to the tissues is scale as UI.o. lhysi.ological
times such as cycle tirhes of the heart and res-
piratory system as uell as netaboLic turnover
ri.mes scale as !.rlt (lB). capacity (u1.0) divided
by time {Uh) gives a volunetric lare function
scaleal as Mv+ -

The EBximum observed longevity (ttnax, assr.r,med
to represent the physiologi.cal rnaximun) of namals
is scaled alnpst like the shorter physiofigical
cycl€s (yr= 11.6,1.!0.20.23), rtre 66111 for tifetime
per k9 body mass bould be the product:

Eminx tmaxx x-1 = ( 3. BMo. 76) | 3. 15. tol s/yt) /M- I=
I.39. L05 k.r/kq. I ifetir€ ) M-0.04 (tO)

The lifetine cumulative rnechanicat fatique caused
by gravity would be the product of mass and life-
span, or force.time, scaling as M1.2, a scaling
that exceeds that for skeletal tnass.

IIr,E HISTORY SCAI,ING AND IATABOLISI
One might expect the energetic demanals of

reproduction, gror,th, and population atensity anal
turnover to be propoltional increments of Emln or
daily E. The altonetric regressions now av;iiable
seem to fit this expectation.
Reproduction. The nunber of biLths per year pet
menber of the poptrlation is I.26 -0.33(2e). This
scaling effectively cancels that for 1i.fe ex-
pectancy (M+0.35) giving a size-inalepenalent nurbe!
of about t2 births per Lifespan, perhaps an ecolo-
gical counterpart of the size-independent physio-
Iogical design constants identified by stahl (25).
Gro$th. croFth tines sho$, in general, the Ut
scaling of physj.ological times, and nean glol.th
rates are scaled like tmin w* (revievr: 5),
Population Turnover. The time for repfacenent of
a standing crop (ratio of biomass of poputation
to annual productivity) scales in rnarunals as
90.29 16 y0.33 (revielrr 4).
Population Oensj.tv. The densj.ty of herbivorous
namnals scales inversely to E6i; so the proaluct of
metabolisn per j-ndividual and nuhbet of individuals
per hectare of habitat is si ze- independent , approx-
lmately(7). Thus collectively, the snall species
and the Large ones harvest sihilarly at the popul-a-
tion 1evel.

Gravitational 19].rg.e. Srnalt mice can tolelate
greater gravitational forces than rats, and rats
can- tolerateonore g,s than dogs. Tbis g-tolerance
scales as M (8)- The metabolic increnental
cost for overcoming the pull of gravity would then
be expected to be propoltional to the inverse,
M0.14. Economos (8) delived gravitational cost
term, witlt an eqx,nent of O-89 (=0.75 + O.14) .
when added to a surface law term (i,O.67). this
fits the trDuse-to-elephant metabolic plot oith a
slightly snaller error than th€ familiar: U0.75
PIot. Perhaps the M0.12 scaling of tbe coefficient
a, tiat conibined in equation (3) to yietd the
u0'79 scaling, is not significantly alifferent fron
Economos exponent of 0.14, glavity might have its
influence there. ff so, why aloes it appear as
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CDNCLUSlON
the ultinate significance of Physiological

neasurenents is in th€ lives of animals in nature
whele the mechanisns and proportions evoloved.
Our correlations have not established a causal roLe
for gravity in quantitative scalj.ng. Until' such a
role is establishedr \re cannot lilni.t our thinking
to the comfortable confines of one discipline.
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E.B. Shulzhenko and S.M. Belyaev

Institute of Bionedical problems, Moscow, USSR

ABSTRACT
Microgravity was simulated by ',dry',

immersion of 1, 3 or 7 days. Before and
af ter immersion hernodynamic parameters
\,rere measureil during elgonetry tests. The
major goal of thls study r\ras to investigate
cardj.ovascular changes during exercise per-
formed after a short-term exoosure to simu-
lated weightlessness. i\nother purpose $.as
to identify a relationship between renal
fluid losses durj-ng inunersion and cardio-
vascular changes after the exposure.

I4ETHODS
This study was carried out on 22 heal-

thy volunteers, aged 25-32. t{eightlessness
i1'as simulated by water imnersion (so-calLed
method of dry .iNnersion /1/) . In the lst
experinental run (8 test subjects) the ex-
posure was 1 day, j.n the 2nd (8 subjects)
it was 3 days, and in the 3rd (6 subjects)-
7 days. The test subjects were given a
standard diet. They performed an exercise
test of 100 Wt in the supine position on a
bicycle ergoneter.

The following parameters were neasureal
at rest and during elgometry at 8th and
15th min: oxygen consumption (VO.), CO"
production (the exhaled ai.r was 6oItec€ed
in a Douglas bag), cardiac output (d)
which was determined by the CO. rebreathing
method (according Lo l2/1, str6ke volume
(Qs) and rate-pressure product (heart rate
x systolic pressure) that were derived by
calcul,ation.

During the control and immersion sta-
ges the daily fluid batance was determined
as the difference between fluial consumDtion
and excretion.

RESULTS AND DISCUSSION
Prior t'o irnmersion the cardiorespira-

tory paraneters of all the test subjects
liere adequate to the exercise load antl
duration.

1st experimental run.After 24 h iruner-
sion d increased ny tg.St while heart rate
and stroke volume grew by 6.7t and 7.28,
respectively (the data at rest) , These car-
diovascula! changes described by many
authors /3, 4/ seem to reflect blood con-
gesCion in the upper body.

In the niddle of the exercise test
post-immersion 6 decreaseil by 10.5t and at

15th nin did not differ from the control
value. At 8th min Qs decreased by 15? and
by the end of the ergometry test only by
5.8t. Heart rate \ras 11.58 higher than the
ple-irunelsion value at the end of the exer-
cise test with an insigni,ficant difference
earlier in the test and during recovery.
iO. di.ffered from the control value in the
middle of the test but slightly and at the
end of the test decreased by 7.5t.

The rate-pressure product increased
by 18S at the end of the ergonetly test.
This L,as largely associated i{ith a higher
heart rate because systolic pressure re-
mained essentially unchanged after iNner-
stolt.

2nd ex rimental run .After 3-day im-
atory breathing,
hange and Q dimi-
Lume alecrease;

on the minute resp I

these are the ilata at rest.

rnersi
vo, ,
niShe

heart rate did not c
d due to a stroke vo

During elgometry
the control value and

)
o

was i-dentical to
s was 8t lower at

every test stage. \iO, declined by IO.6t and
8.8t at 8th and Isth'min, respectively.
Heart rate increased slightly at 8th min
and 10.5t at 15th min. After irunersion
heart rate recovered but slowly. The rate-
pressure product vras by 15.5t higher than
the pre-iNnersion value only at 15th nin.

3ral experimenta 1 run. After 7-day tm-
ftersion heart Eate at rest was 9.4t higher
than in the control period. This heart rate
increase may explaj.n an increase by 11.2t
of 0 since Qs remained unchanged.

During the ergometry test after irnmer-
sion the fol]oHing changes were seen.

Q did not differ siqnificantly from
the control values. 6s d6creased bi 10.8t
at 15th min. to, increased by 8.1t at 8th
min and by 10t 5t 15th min. Heart late was
about 11t higher than the control level
beginning with the first rninutes of Uhe
test. Afte! imnersion heart rate slowly re-
turned to the norrn. Ihe rate-pressure pro-
duct increased by 10.6t nostly at 8th min.

During ilEnersion fluid losses exceed-
ed fluid consumption by 823, 1159, and
1350 m1 in the 1st, 2nd, and 3ral experimen-
ta1 runs, respectively.

variati.ons in 6 were of different
type: after 1- and 7-day irnnersion the pa-
rameter incleased by 19.5t and 11.21 and
after 3-day inurersion decleaseal by 5,4t.

s-l?6
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This dynamics of 0 may reflect the phaeic
pattern of caldiovascular adaptation to
imme!sion.

During post-iNnersion exercise tests
(as compared to pre-inmersion data) 0 did
not change significantly. The only excep-
tion \.ras the 1st experimental. run in which
a 10.5t decrease ivas found. However, in
spite of this 6 invariability, to, decrea-
sed after 1- and 3-day irunelsion 6nd in-
creased afcer 7-day irurersion. It is pro-
bable that inmersion brings about a distor-
tion j.n the close correl"ation between d
and VO^ that exists in nornal conditions.

T6e value of ds tended to decline as
immersj,on continued. For j.nstance, after
1-day immersion the decrease was by 5.88,
after 3-day irunersion by 8t. and after 7-
alay immersion by 10.8 t .

Existing literature indicates diffe-
lent factors that may be lesponsible for
the 0s decrease during exercise tests per-
forined after exposure to illunersion, hyPo-
kinesia or real weightlessness. These fac-
tols include: decreased tolerance to the
upright posture /5/, deteriorated contrac-
tile functlon of lhe myocardium /6/, realu-
ced circulating bl.ood vol.urne /3, 7/.

In our investigations carried out on
supine subjects the concept of the majo!
role of orthostatic disorders can hardly
be applied.

Recent investigatj"ons by A.flt. Babin
(1983) v/ho used echocardiography denonstra-
ted that short-term (uP to 7 days) imner-
sion produceal no changes in heart contrac-
tilitv.

ihe changes in Os detected in our stu-
dy are likely to reflect variacions in the
hyalration status of the body; they nay be
associated with renaL fluid losses that in-
crease with inmersion duration. In paral-
Iel i.'ith our neasurenents, K.I. Gogolev
eval-uateal plasma losses iluring the 2nal ex-
perimental run: they varied from 11 to 228.
These changes are suggestive of circulato-
ry aalaptation aimed at reducing blooal con-
gestion in che upper boaly 'rhich is typical
of irnmersion reactions.

Our study shoued that the rate-pres-
sure product during the exercj.se test in-
creaEed after the irunersion of different
duration. However, the 18t increment at
15th nin of the exercise test followinq
1-day inmersion was the greatest.

Thu6, our investigations give evidence
that an early stage of sirnulated weight-
lessness is acconpanieal by chanqes in car-
tliac outpuc. This is associated wj-th its
increase after 1- anil 7-day innersion antl
a slight decrease after 3-day irunersion.
This variation of 0 points to a phasic
pattern of processes in the human body at
an acute stage of adaptation to simulaleal
weightlessness.

Man's tolerance to a workload of
100 wt performetl in lhe supine position on
a bicycle ergometer declines after exposu-
re to irmersion-hypokinesia of 1, 3 and

7 days. This is indj-cated by a higher, as
compared to the pre-irnmersion levef, incre-
men! of heart rate, increase of the rate-
pressure product, alecrease of stroke vo-
lume. The ir'ork capacity alecreases to a
greater extent after 7-day irunersion.

The decline j-n the leserve capabili-
ties of tshe cardiovascular system during
exerci-se tests after water immersion shows
individual variability. This is to be taken
into consideration when applying neans and
methods that nay affect manrs Physical
performance.
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NASA Space Biology Program

The advent of the space age provided the first access
to the "gravity-free" state and an opportunity to
manipulate gravity from its norm of one down to zero.
Therefore NASA has assumed the responsibility to in-
vestigate the biological significance of gravity and
thereby expand biological knowledge.

Objectives
The objectives of NASA's Space Biology research

program are ,l) to investigate the biological significance
of gravity; 2) to use gravity to solve relevant biological
questions; and 3) to enhance our capability to use and
explore space.

Goals
The goals of the Program are,l) to enhance our

knowledge of normal physiological adaptive
mechamisms in both plants and animals and thereby
provide new insight into both normal and pathological
mechanisms; 2) to provide for the multiple generation
survival of plants and animals in space through an
understanding- and ultimately control-of the affects
of gravity on development, adaptation, and evolution;
and J) to enhance plant productivity through an
understanding and control of gravitational and related
environmental stimuli and the manipulation of response
mechanisms.

The achievement of such goals depends on answers to
basic scientific questions that include the following.

1) Does gravity influence fertilization and early
development and can fertilization and early develop-
ment proceed normally in a near 0-G environment? If
gravity does affect fertilization and early deYelopment,
what are the sensitive physiological systems and how are
they affected? If early development is affected by Sravi-
ty, is it a result of an affect on the parent or the direct
affect on the embryo itself?

2) What is the role of gravity in the formation of struc-
tural elements, such as lignin, cellulose, chitin, and bone
calcium, at the molecular as well as at the more complex
organizational levels?

3) What role does gravity play in calcium-mediated
physiological mechanisms and in calcium metabolism?

{) What is the gravity-sensing mechanism? How does it
peiceive information? How is the information transmit-
ted to evoke a response?

J) How does gravity as an environmental factor in-
re;act with oth€r environmental factors to control the

physiology, morphology, and behavior of organisms?
Or how do gravitational and other enYironmental
stimuli interact in their control and direction of living
forms? Can the action of gravity be replaced by dif-
ferent stimuli?

Program Content
The program has been divided into the following

three broad areas: 1) the role of gravity in reproduction,
development, maturation, and evolution; 2) gravity
receptor mechanisms (these include the identification of
the organ or site of gravity reception and the biological
systems and mechanisms that transmit the information
to a responsive site); and.r) the physiological effects of
gravity (this includes the biological mechanisms by
which living systems respond and adapt to altered gravi-
ty, particularly that of the space environment, as well as

the interactive affects of gravity and other stimuli and
stresses on the physiology, morphology, and behavior
or organisms).

This NASA program in space biology is carried out
intramurally by the NASA Research Centers and by a

system of extramural grants. Qualified scientists in-
terested in Iearning more about the program and the
development of research proposals should contact:

Dr. Thora W. Halstead, Chief,
Space Biology Program, Code EBT
Life Sciences Division,
NASA Headquarters,
washington, DC 20546
Phone: (202) 7 55-3'113.

strategy
The strategy so far has been to manipulate gravity on

earth and develop weightless simulation models to
develop and test gravitational hypotheses; to identify
gravity-sensitive biological systems and interacting en-
vironmental response mechanisms; to address valid
gravitational biological questions on earth when possi-
ble; and to plan and design future space experiments. As
space-flight opportunities, either manned or unmanned,
become more prevalent, increasing emphasis will be
placed on flight experiments. Similarly, as longer flight
missions become available, emphasis will be directed
toward biological questions that require longer periods
of microgravity for adequate experimentation.
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