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Pharmacology im Spacs Medicine

by

V. B. Rglay et al

Future, long, manned flights on orbitimg spice stations as well as
on lunar and interplametary spacecraft present a nunbexr of new pharma-
cwlogical problems. The different aspects of this task, such is effec-
tive drugs for crewsembers, progncsis of possible changes in their
condition, evaluation of physiologic variables, possible acute or chromic
iilnesses (and treatment of same on the spacecxaft) must be carefully
studied and adequately resolved based on the specific missions to be
accomplished. Moreover, spacscxaft structure [and size], nuaber and
role of crewsembars must also be cons: lgred.

Ratiocnal utilization of medications will be one of the cardinal
aspects in programing future space missions. At present, we contea-
plate the use of medications to:

1. stimulate natural compensetory and adaptation mechanisas to
increase tolerance to extreme flight factors,

2. treat an illness,
3. enhance performance, elininate fatigue und emotiomal stress.

For this purpose, bLesides dipping into the arsenal of available
drugs, new compounds with a specific effect will also have to be
developed. At this partieular point un? time, it is imperative te find
the most practical administration methods based on spuce flight condi-
tions and expiration date of the preparations. Probably, the best form
will be tablets and disposable injection syringes.

Amount and type of on-board sedical supplies and equipment will
be dictated by the duration and nature of the mission, the presence
of a physician in the spacecraft, the size of the spacecraft, its pay-
load and a serxries of other specifications,

As we know, & small amouat of medications was curried in all Soviet
and Anerican space missions., They included unuleptice, analgesics,
antiradiation drugs, ete. (»9%). As progrummed, Cooper injected himself




witk dexedrine during the last orbit, although his mental and physio-
logic condition did pot require it (53). As indicated by Dr. Bexxy
such a medication cam, to a certain degree, mitigate possible fatigue
and incrasase peychomotory performancs. W believe thot great emphasis
should be placed on the possidbility of using stimmlants during lomng
space nissions as well as for different critioml situatioms.

Undoubtedly, durimg lomg space missions, direct indications for
drugs say be nscesssry, requiring a careful progmosis, and consequently
a well-thought ocut approach in the selection of the on-board medical
suppliss. Along with the possible indications foxr druge, one sust also
study the characteristic physiologiz respomses to individeal space
flight factors as wall as their complex effect, becawse..."ome and the
same asdication, taken...under differemt physiclogic conditioms, can
be remedial pxr poisomous”. We believe that this is subetantiated by
our data on different responses to medications following acceleration
{39).

Consequently, the study of the specific effect of medications under
laboratory experimental conditions (G loads, weightlessasss, prolonged
isolation, etc.) and possible emergency situatioms (change in environ-
mental gases, radiation effects, upset in meal schedule, etc.) is met
anly -iwportant, Bwt o necessary stage in the preparatiom for lomg space
sissions. Griffenhagen (52) has expressed similar opinions on this
subject.

Iwo busic uspects of the general probleas of spuce pharmacology
are:

1. enhance body tolerance tc extrxeme flight factors and

2. natural response to medications during the simulation of some
space-flight stresses.

Anong the methods considered to iuprowd body tolerxance to extxeme
flight streosees, medications represent 4n important aspect. At present,
ws have sufficient fucts suppoxrting the poesibility and propriety of the
use of medications for this purpose. iorsover, in past missions soes
aspects of the problems in question were put into practice. G forces,
weightlesstess, radiation and hypoxia should be comsidered as cardinel
strasses in trying to increuse boc'y teleronce by means of aesdications,

the requirement for different approachges to increase tolerance to G
g




forces (amemg them also medications) is stipulated, first of all, by
the possible occurrence of situatioms where the degres and duration
of the acceleratiom gffect can reach the limits of physiologic
endurance. This oan bring about mot ounly an impcrtant decrease in
the perfoxrmance of the pilot, but also harmful consequences.

The mexit of differeat drugs capable of emhancing body tolerance
t0 accwleration was svaluated by investigators im our country as well
as abxoad (2,10,11,25,31,4i,42,55,56,63,06), However, to date, ihis
ressaxrch work has been limited to animal experimentatiom and the
results axe quite controversial, even for one and the same preparation.

The medications woed by the aunthors of thie paper are shown in
Table 1. Our experimental work has evidenced that because of the
functional changes brought about by the medications it is possible to
inczrease or improve considerably the tolerance to transverse accelera-
tion. Based om their effect, here is a list of druge which showed
positive results: naxrcotics and analeptics, central stimulamts <nd
sadative agents, cardiovascular agents, oetc. The degrec of effect
depends on the type of preparation, the dose, «daizistration (per os,
injection, etc.) nd frequemcy of administration. Best xesults were
obtained with st. .chnine, sca sympathomimetic agents (phenamine,
adrenalin, noradrsnalin' and marcotics. Adsinistration of the afore-
mentioned drugs at optimal dosss decreased animal mortality and cardio-
vascular deconditioning caused by G forces (Fig. 1). (€,13).

Many other authoxs obtained the same positive results by using
different drugs to increase tolerance to G foxces {$,24,41,42,07 et alj,

We possess, therefore, basic indications that the administration
of differert agents rapresents one of the prospactive and importunt
Bgans to increase body tolerance to G forces. We axre row feoced with
the problex of sslecting the acst effective medicationc 2s well as
the optimal form of their administr.tion under spuce flight conditions.
In trying to reach a decision, two basic factors sust be considered:
(a) phases and concitions of flight; und () the properties of the
medications., During the first phase of flight (lift-off) there will
hardly be & need for a special medication bacause preflight tr.iring
fully conditions the cosm~naut to satisfactorily tclerate G loads.
Howeaver, during re-entry «n indication for medicitions may exist.
rirst of all, one must consider that after hypodynumia [gravity-free
state, inactivity] tolerance to sccelsration stresses decreases (32,
50); this is expected to be even more so after long missions. Undex




these conditions, we may be justified to administer appropriate uwedi-
cations only as <« preventive measure.

We nust aljo keep in aind the poesibility of an emsrgemcy situa-
tion causing a sudden increase in the gradient of G forces to cxitical
levals, which would require quick correction and use of drugs.

Based tu available data and on the effect of different agents on
the tolexance to G forces and based on their pharmacewtical rropsrties,
we nust assume that ths best suited preparations for the purpose in
nind will be ame of the sympathomimetic and csmtxal stimulamt agents
such as ~“henarine, strychaine, Securinin, etc. These drugs not oanly
increase toleranoce to G forces, bul possess also many other pxoperties
that are very helpful under space flight conditions (3,27). ve axe
skeptical about the usefulness of narcotics and tranquilisers under
these conditions since they decrease tolerince to stress factors
(13,64), and some of their properties ars wndesizable for the specific
effects of spuce flight. The use of tranquilisers should be limited
to correct functional aberrations (69); they m«y be takem caly in
cases of dire necessity, however, never hefore re-entry.

Available data attest to the possible occurxence of differemt,
important functional changes under weightless conditious (16,17,30,47,
48,49,59,01,n5,00, et al), The nature and symptematology of these
disorders may vary depending on the factors involved-—nature and
duration of nission, training of cosmcoauts to the spscific effects
of weightlessness, reaction of the vestibular apparatus, ete. In
some instances, cardiovascular disorders dus to prolcaged hypodynamia,
decresased afferent stimulation, and autonomic disoxders complicated
by moticn sicknuss symptomatology may prevail. The use of drugs,
however, is fuliy justified for prophylactic reasons and for treating
the aforementioned disorders. The selectior of the medications aust
e bused on the nature of the disorders. In fact, in the case of
decreased cardicvasculox systen tonus and orthostatic disoxders, some
analeptics are indicated (pbhenamine, caffein, etc.) as well as stim-
ulants (strychnine, Securinin, ginseng and eleuterscoccus extracts*,
«nd others)., Administration of cholinolytic agents (metamisil, pentaphen
and others) i{s helpful in correcting the motion sickness symdroms.

*Trans, Note: Those interested in experimental work carried out with
these extxucts may find it interesting to read The Bffect of an Bxtract
of Ginseng on the Adrenal Cortex and Bleutherococcus Senticosus-: New
Medicinal Hexb of the Araliacece Family. Both papers «re in the book
on Pharmacology of Orientul Pl.nts, Procsedings of the Second Inter-
national Pharmucological Meeting, August 20~23, 1¢c3 available at the
USARSAM Asrocumedical Librarv, Bxoohs AFB, Texas.
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Special compounds, however, aimed at cnrrecting the pathogenesis of
sotion sickness (cholime amd adrenalin ageats, central stimulants,
antihistanines and others) would be much acre effective,

Although, based on tho present radiocbiologic kmnowladge on anti-
radiation drugs (iomizxing radiaticn) a fair amoumt of protection can
be offexed, yet not all necessary measures c¢«an be fully employed under
space flight conditions. This is mainly due to the complex spectzun
of cosmic radiation, the biologic effect of which is not, us yet,
fully understood. However, under these conditicns the body is exposed
to the effect of combined and successive factors which will stipulate
the complexity of the physiopathologic syndrome of the disorders
occurring during spuce flight. Consequently, the problemn of findiag
antiradiation drugs applicable to the specific conditions of space
Lflight requires « special solution.

Presently, sevexal drugs axe successfully used by clinicians
in radiation thwrapy (cysteamine, cystamine, AZI, serotonin, etc.).
Some of these (cysteamine, cystanine) could be included in the medicine
~hest as a prophylactic msesure against radiation iliness. However,
we sust kaep in aind that certuin, effective antirxadiation drugs de-
cxease body tolerance to the effect of other flight factorxrs, and in
part «lso to G forces and vibration (43). The aforementioned agents
~hwuld, thexefore, be used together with other drugs which cuan decrease
the unfavorable response to antiradiation drugs.

Oxygen deficlency during « space mission could present a problen
only in the case of an emergency. Under these conditions medications
would be msndatory. Available literature supports the expediency and
praspective use of drugs to increase body tolerance to oxygen defi-
ciancy (1,14,15,19,29,39,40, et al). Compounds decreasing tissue
oxygen requirement (tranquilizers, narcotics, antioxydation agents)

48 well as stimulants of the centr.l nervous syex, the cardiovascul:r

systen, etc. would be best suited for this purpose. Hibernation should
Alsoc be considered (5,23, et al). The pragmatical usefulness of drugs

to increase tolerance to oxygen deficiency under different space flignt
conditions slso remains to be determinod,

Such being the case, the medicine chest abould be supplied with
dxugs capable of increasing tolexance to ull space flight factors,
Moreover, one must also coansider the possible occurxence of a frankly
pathologic stute. For this purpose, the medicine chest shoul . ilso
onntain laxrge spectruam antibiotics, untipiretics, analgesics, disin-




fectants, atc. IThe choice of the mediocatioms and theirxr form of
aduinistration will he dstermined Ly the mature and tasks of the
nission.

As meatiomed earlisx, the impertance of i armacslogy grews with
the broadening of space exploratien. Is this osmmectiem, basic
comsiderstion must be given to the purpose and prepriaty of different
prophylactic and curative apemts and to the pessibility of enbancing
the cosmonaut'’s physical and mental capabilities durimg flight (33,
60,09) .

In our opinion, too little emphasis has been placed on tie
specificity of the different pharmacelogical preparations adainistered
so far and on their affect em physiclogieal variances. Research carried
out in the last few yeurs in differeat coumtries, mainly is the Soviet
Unisa and the USA, has comtributed impertaat theoretical amd practical
data on the physioclogical changes im the oxrganism of man and animals
expossd to G loads, vibratioms, ionizimg rudiatiom, prelonged hypo-
dynania, etc. They indicate that dapending on the actwal sitmatien
in flight and ou the time at which a cextain drug may be indicated, the
physicleogic response teo the administered medicatieme may changs when
important fumctional changes ave pressnt. Pharmacslegists ars well
acquainted with the basic physioclogic reaction to differeat agmmts.
Bxperience has shown, in a large nisber of cases, that whea the body
is exposad to unusual facters, its semsitivity te ptarmacentical
substanoss nay changs considerably; in some cases this bas led to
pathologic responses. In fact, therapsutic dosages of cardiac
glycosides may be texic after prolonged hypoxic hypexis (36) ex
following prolongad exposure to transverss G ferces (38), ete. Im
this comnection, it is evidemt that in space madicine great emphasis
sust b2 placed on responses to dxugs. 1In fact, this is impevative,
since we are concerned with msn being exposed to a series of wmusual
sitresses, for which defense and adaptatien mschanisas to thsir effect
have not been learned as yet. This is confirmed by available data om
the influence of such factors as radiatiem, G fexces and chamges in
ambient aiyr. We mast also take imto accommt that many imporiant
facets of space sedicire have been only slightly imvestigatsd, Frirst
and paramount axre the problems of the physiclogie cffect of prolonged
weightlessness. Which are the space-flight stresses we uust considerx
to unenverx idiosyncracies? Appaxently all mew situations san may
encounter undey these umusaal circumotamces, such as:

1) dynamic factoxs (G ferces at lift-off and rxe-emtvry, angalar
«ccnleration, vibration, weightlessness),




3) factoxs oanditiomed by the comstructiomn of the spacecraft
(changes in enviremmsatal paremstars, restricted msobility, poculiari-
ties of solid and fluid diet, ete.),

3) spacs factexs {differemt iemiszing radiatiom from the Van Allen
belt, sclar flares, ete.),

4) factoxr peculiar te the vital activity of the astromauts
(stresses on the pizwvous systan and sental functioms related to
monotonows tanks, ehanged day-night cycle, prolougsd cemfimsment,

. uniform axrroundings, greatly decrsased affereat stimslatiom, etc.).

The complex action of the afoxramentiomed factors cam, of course,
brimg abeut different importsit physiologic changes and conssquently
alter the responee te medications duxing a long space missiomn., We
have found veried responses to differemt drugs aftex sxposure to
transvaree G forces amd to different gas mixtures. However, we have
oheszved that individual respomies vary and depead wpom certain condi-
tions., Seme of these are:

1. iatnsity and duration of stress factoxs,
2. provalent influwenoe on any one physiclogic fumctiom,

3. specific and comwtitutional paculizxities as well as sex and
aps,

4. pharmacodynamic properties of the medicatioms.

Our experimental work, esrried cut om animils, his revealed a
relaticaship betwesn degree of respouse to msdicatione and that of
physislogical chaages following exposuze 1o transverse acoslexation.
In fact, wa have obeexrved a sudden increxse in the ssmesitivity to
eardiac giycosides (strophanthin-K, Comvagid), to narcetics (shoxt
acting Darbiturates, ethar, chioxal hydratee, etc.) as well as to
other agents following the axposurs to proleonged G foroes (wp to
2 hrs) which cause impertaat changss in the cardiac fumctiom. More-
over, similar atresees decxrsase the ssmeitivity of the oxgunimm to
sore anileptic drugs (caffeine, Coragal, Zititom, ete.). Semsditivity
to adrenalin 2lso evidemced jrest variations., Based on the ‘wtensity
of the G foxces and on the iandividesl response to ceatrifupation, we
foumd increased, decreased or perverse reactioms to adrgmalin following
exposure (Fig. 2). We believe that thwse data ars extremsly important
because they offexr a better insight into the mechanism of the physio-
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logic disordexrs as well as better indications for the admimistratiom
of an appropriate medication whemsver this boocsmss necessary.

Amalogows dat: axe awailable fox diffewxemt gas aixtures. In
fact, resoarch wurk pexformed by Dmitrieva (20) and other axthors
has sheown comclusive proof that hypoxia greatly imcreases samsitivity
to oardiac glycosides. Short or prelengad hypada altszs physielegic
responses to radiation effects (5,¢) and the duxation of soms imfec-
tions (44). Data are also availanis on increased emsitivity to seme
agents in the Dressaca of hyperowxia (43, #t al). A change in exygen
partial presswre also brings about varied physiclogic respomses %o
mny factors as well as some medicamentatizas.

OCuz fimdimgs have shown that different CO, comcemtratioms sre
equally respomsible for important changss im body iemsitivity to
pharmacologionl agmats. Hexre agrin, manifestatioms and degres of
changss are stipulated hy the aforsesemtiensd conditions (duratiom
and intensity of stress factors, preperties of pharmacelogioanl
agemts, etc.) (Fig. 3}. Dxta on the influsmes on paysielegic reactiome
due to the combimad effect of bhypsroapmia and hypexiz. are of special
intsrest. Im fact, sems of vuy experimsmtal projects wexe almed at
gainiag bettexr kmowledgo im 3his axea,

Present spacecraft as well as prospected EVA d» met exclwic the
effect of prelonged anginx acosliexations and other facters leadiug
to thamtion sickness syndeome, Prcphylaxis and treatamnt of metiom
sickness have beea the ohject of much research work, however, toeo
little emphasis has been placed om possible changes in pbysiclegic
responses wnder tiwee conditions. Based or saperimsntal wosk carried
out by Pestov (37,50), motion changes, fixst of all, the functioml
tonus of the ametic center which, in turm, incxeasss body semeitivity
te apomosphine., Appareatly, fumctiomal changss in the CNE aze mot
linited to the smetic centar, and tha wse of different drugs will
atfoxd & better insight of the specific physisiogic raspomses to these
csndi tiens.

Our kmowledge in this arex is limited mainly beciuse of the
difficulties involved in simmlating weightlessusss vader laberatery
cenditions, In rsosnt yoaxs, different imvestigators have expesed
swbjects to proloaged bed rest ox to immersien, and data available
@ physiologic responses to swme medications wnder these comditions
are oaly fragmentary (70). However, these studies were limited to
the respomse of ths autonomic nervews system, and meglected responses
of the cardioviscular systam to medications. The use of cartain




pbarmacological agents could preserve an adequate caxdiac funmction
and topus of the peripheral vessels; futuwre inwectigations wili, by
all aeans, throw a light also on this isportant facet of our quest.

Ionizing radiation, a thorcughly investigated factor of space
flight, can bring about diffsrent fuactional disorders. Ia fact,
important changes in the adaptation and regulatary mechinisms of the
nervous and endocrine systems have been cbeserved. They cndition,
first of all, the physiologic responses to different external environ-
agntal factors as well as to drugs (7,21,22 et al). Based on experi-
mental data it can be stated that physiologic responsss to medications
depexd upon the sevarity of the symptoas and degree of possible radia-
tion damage. For exampie, in the first hours after exposure to iomizing
radiation the effect of barbituric acid is clearly weakened (20,28, et
al); howsver, at the time of the severest munifestatioms of ths disease
sensitivity to barbiturates increases considerably. Moreovex, conclu-
sive data wazs also obtained with etherxr, nitrous acid darivatives and
other maxcotic substances (33,46, et al). Physiclogic responses to
cardiowmscular agents in the presesace of radiation illness are often
altered. In fa~t, during the early stages or the incubation period,
the vasoconstrictor action of adrenalin, pituitrim and other pharmaco-
logical agents is decreased, however, at the beight of the illness it
is enhanced (12,35,51,54,; et al).

Valuable data is alsoaailable on the pbysiologic responses to
analeptics, central and cardiovascular stimulants, chemotherapeutic
agents, diuretics, and others.

The aforementioned data attest to the fact that ionizing radiation
can changé considerably the physiologic responsos to many pharmaceutical
agents. Consequantly, to select the most rational methods of adainis-
tration and to avoid possible complicatioms, it is imperative to lsarn
the peéculiir action of the pharmacological agents during the different
phases of the radiation disasase.

Ouxr experimental diata, as well as those in literature, show,
beyond a doubt, that even the isolated effect of individual space
stxess factors entails important changes in the physioclogic response
to pharnaeological agen.e. These findings are of great practical
impoxtance fox the probles at hand——gspace phaxmucology. Uniass we
possess tha knowledge of the peculiar action of drugs during simulation
of different space-flight stresses the cosmonouts may not only be
exposed to undgsirable therapeutic effects but even to injurous
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consequences. This is of extreme importance, sainly because during
a space mission medicial contxcl of physiologic respomees to drugs is
guite difficult, aand rendering gualified and specialized medical
assistance may be impossible.

The influance of the space-stress factors complex on physiclogic
functions sust be thoroughly investigated, especially respomnse wiriances
under these conditions. Data awvailable on the combined influsnce of
changes in temperature and G loads (58), hypoxia and G forces (34,57),
ionizing radiation and G foxces (¢4), as well as other combined factors
give sufficient reassns for the urgency of widening the scope of the
reseaxch work in this area with the aim of learming the peculiar
physiologic responses under space equivalent comditions. As already
recognized by several authors (9,36,52,09), the task of forgimgp a
nex scisntific uiscipline -"spuce phammacolegy"- merits our highest
concern.

In c¢onclusion, we should concentrate our attentiom on:

1. the study of pharmicological agents that enhamce physiologic
tolerance to unfavorable space factors,

2. the study of the pharmacodynamic properties of different drugs
based on various physiologic responses,

3. finding optimal dosages and administration methods for different
drugs under simulated space flight conditioas,

4. and on the use of pharmacological agents (as analysers® of
physiologic functions) to understand the actual effects of
space factors on the human body.

A successful solution of these highly important problems can be
assured only by encuuraging the cooperation of d'fferent specialists:

pharmacologists, chemists (synthetic products), physiclogists and
clinicians.

¥Ixrans, Note: liter.l translation.
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Table 1*

Influence of pharmacological agents
on animal tolerance to transvsrse accelerations

Agamts Resul ts

Narcotics (thiopental sodiua, Smill doses enhanced amxd large doses
chloral hydrate, and others) decreased tolerance.
faaleptics (caffeine, Corazol and No consequential effect.

othexs)
Pﬁuwmim. strychnine. BEnhanced tolerance at optimal doses.,
Phenatin Decxaased tolexance.
Vascular stimulants (adrenalin, Emhanced tolerance,

noxadrenilin, ephedrine)

nNitrogiycerin, dibazol Ho consequential effect.

Caxdiac glycosides (strophantin-K) fnhanced tolerance.

Antiradiation drugs (cysteanine, Decreased tolerance.

cystamine)

“Ixans, Note: More detailed information on dosages and experimental pxocedures
ayre given in a4 paper by the same uuthors: "Effect of some drugs on tolerxance of
accalerations", NASA Technical Translatiom, NASA TT F-22b, p. 79 (available

in Document Saction, Asromedical Library, Brooks AFB, Texas)
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Fig. 1. BCG of rabbits exposed to transverse acceleration; control
runs (A), after the aduinistration of otrychnine (B): a-before exposure;
b,c,d-18t, 3xd and oth minute of exposurs; e-2 min, after exposure.
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Fig. 2. Coronary circulation rxesponse (above) and blood pressure

in the femoral artery (below) aftexr the «aninistxation of 0,002 mg/Kg
adxenalin before exposure {(A) and 15 min, after (B) exposure to
transverse acceler«tion of 12 Gs.

Figs. 1 and 2
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Fig. 3. Influance of CO, (B-10K in g«s mixtuxe) om the duration of
ether (white columns) and of intraperitoneai® (daxk coluuns) anesthesia
in white mice. Oxdinate: duratiom of anesthesia in percental values
of control datza; abscissa: exposwre time to gas mixture.

“Trans., Nota: In the Russian caption this term begins with the letters
intra aftar which three letters axe missing (mot printed) and then
parkosovogo. Since intra...markowmovogo or intransarkonovego is not
listad in any of the dictionaries svailable in our Section, the trans-
iator has liberally translated it as intraperitoneal.
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