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Purthar S«»«urch into th« E/fact of Ionising 

Radiation Combined with G-Ioading during Sp«.ca Plight 

by 

V. V. Antipov, B. I. Davydov, 

B. K. Panchonkov- , and P. P. S..k*onov 

In connection with syatonn dosign und application, and for 

protection of epaoecrews against ionising radiation, recent 

intereet in research to establish the m>»xia«si possible exposure 

(MPE) for a<m has been on the upswing. 

At the present tine, 

MRS is taong the critert.1 dictating spaoecr-aft design, 

Mission progrr.nning, r.nd the possible usage of antirudiution 

drugs, etc. Thus, the endeavor of radiobiologiste to establish 

the K?B und to post a reconocnded U*-'xiiauci radiation level is 

understandable. 

authors (G. M. Prank, P. P. Saksonov 

V. V. Antipov, W. N. Do brow, 1962) V. V., Antipov, N. N. Dobrov, 

P, P. Saksonov, 1964; Yu. G. Grigor'ev, Ye. Ye. Kovalev, A. V. 

Lebedinskiy, et al., 1965| et al.) propose various MPB*s for 

spacecraft crews during brief and prolonged Missions. Two very 

ieportant concepts are eaphasised in the reconaendatiens appsaring 

in the various papers in spite of tbeir [quantitative] diversity, 

first of all, the recommended MPE should be derived as > function 

of the actual degree of exposure and duration of sp ce Mission. 

Secondly, it should be arrived at with a high degree of accuracy, 

a condition requiring specialised research. This latter factor 

is especially true concerning MPB during prolonged sp>ce Missions. 

The or oblen of deriving the MPB against the background of 

other spuceflight factors is seen in a new and unusual light. 

In deriving these naxinuns, certain considerations are necessary. 

During spaceflight, a conplex of factors is at play, including 

radiation. Thus, primary considerations Must be made taking 

into account the tolerance of the given irradiated organisa to 

the various extreme stress factors accompanying spaceflight. 

Along with studying the combined effect of ionising radiation 

and other factors, work directed toward precise determination 





:-v S6&í¿¿íÚ¿£áí £¿íx: 

Lat aa tarn now to px«*«nt.ition «*x»d diacussiou of tha 

axparinantal findings. 

FUrlier (19S6), Dii vydov was abl« to »how that an ' niiail * a 

tolaranc« to G-loading (44 G»«) of varying duration of tax 

irradiation wos do pendant upon doe« and could be axprassad by 

o hyparbolic function (Figura 1). I« thie figura, tha function 

i» graphed showing points usad to design 1 ta tha i»->tori frou 

which tha curva is darivad. Figura l shows that tha sapaant of 

the curva between 1 < t -- S is of axpvriaant 1 significanca. 

Subsaquantly, tha curve wus checked to insure its validity during 

nor« advanced periods of radiation sickness. /Uso, supplement<ry 

experimental data wer« collactad on tha tolaranca [to G-loading] 

of an animal during the first days aftor irradiation. Tha uppar 

limb of ti» curve in Figur« 1 «asumas that »ic« eurvivad G-lo ding 

und 4,000 »BR. With a certain degree of reliability, any 

point lying within the shaded portion of Figur* 1 uay be «»sawed 

tg reflect tolerance of irradiated animals to G-lo-.ding greater 

than or equal to the tolerance of control anima?.« thereto. For 

example, the tolerance to G-lo «ding of animale receiving 2,000 

and 4,000 BUR the first day after irradiation is equal to that 

of the oor lrols or aooeväkat higher. Research showed that the 

tolerance of irradiated animals is greater than th t of nonirradiated 

*nlw-1 si [coefficients of] 0.ßb and 0.3» at 2,000 and 4,000 &BR 

reepectivoly. 

After s second* centrifugation, the mortality of irradiated 

animals was 50» at 2,000 BER and 70» at 4,000 BBR. The average 

survival time of nice receiving 1500 to 15,000 BBR averaged 

3.5 days (B. Rayevekiy, 1939), At doe«« greater than 13,000 B8R, 

the average surviv.-l tins is seen to sink rapidly as irradiation 

ie increased. Tolerance to Q-lo*ding in animals at t < 1 (Figure 1) 

may be assumed to lie within the same range as that of the control 

animals at levels of 10,000 to 15,000 BBR. As stated earlier, 

the curve in Figure 1 is derived from determinations of the 

threshold tolerance of animals to G-loading nine days after 

irradiation. The portion of the curve for t > 9 days after 

irradiation was to be checked experimentally. 

*Tr. motet literally "repeated". 





irradiation in mice. Thi« contradicts tha theory of El.,ir 

(H. Blair, 1962) concerning irreversible coaponents of radiation 
sickness. 

Contrary to Blnir, our experiasntAl data indicate that on 

the 4Sth d.ay after irradiation, acceleration resistance is seen 

to decrease thus bearing witness to tn irreversible ccoponent 
of radiation sickness. 

Mi attempt was a. de to evalu-.te the tolerance of irradiated 
aniHtãle to repeated O-lo- ding. This is of interest in arriving 

at a tolerable [radiation) dote during Multiple Q-loading 

exposures. Without doubt, each exposure alters ths responsiveness 

of an animal, thus, it was of interest to determine how and in 

which direction an organism’s responsiveness is oltersd after 

r*P«‘ited exposure to one and the sane factor. In this light, 

th* repeated exposure to 0»loading after a specific time period 
had elapsed since the first centrifugation was an Index of 

r**poneiveness Cor those ^nim^ls which survived. 

The response of irradiated nina Is to repe ted centrifug.it ion 

nay bo assuned to be a function of the duration of radiation 
sickness. 

If and A* are taken as percent Mortality, *nd A1 and 
are taken as j^eroent mort llty iter the first nd second 

centrifugations, 

and 
re is wn index of survival after the first centrifugation, 

• Kj is an index of survival after the second centrifugation. 

K < 1, Q»loading tolerance of irradiated nira . 1s is inersased} 
K > 1, it is decreased. 

The curves traced in Figure 3 at a doss level of 350 to 500 BBR 

•how the ratio Kj/K^ o» different days after irradiation. This 



information is c rri«d ervar from Figure i* Figure 2 show* th t 
the r:>tio < 1 on the fourtli to seventh d-ty After irrodi tion, 
i.e.f the tolerance of irr«di ted tnia.l* to rep* ted G-loading, 

is lower than their resist, nee to tha first exposure. In the 

renlining periods, however, the resist nee of tha Irradiated 

aninais to the second centrifugation was yre ter than to the 

first. At a dose level of 100 BBR, Kj/K^ is almost equal to 1, 
therefore at a dose level of 100 BSK test ¿nittalc may be assumed 
to respond to a second centrifug >tion in auch the s use way me 

control animals. 

Moreover, we arrived at .= MPB for nimals rotated twice in 

the centrifuge. The findings *re represented by sm 11 tri-ngles 

in Figure 1. This figure shows th t the MPB is less for two 

runs th n for * single run in the centrifuge. /t t > 5 d»ys » 

the toler .uce of irr .di ted animals to a second G~lo .ding stay 

be approximately expressed by the function! 

where D * dose in BBR, D«, - initial dose in roentgens, t » 

in d^ys after irr.di tion, a is » coefficient, and e is the natural 

logarithm base. Bmploying the method of le,.st squ. res, an equation 

was obt ins«! for the regression: 

where t > 5. 

lg D • i.ygJ—O.OuJ X t X Ig e 

We sh 11 now Attempt to ^pply our experimental findings to 

man by extrapolation. 

Earlier, w* (B. 1. D vydov, V. V. .Antipov, P. P. Saksonov, 

lv<>3) <i‘ds n tteapt to determine the period required for "half* 

recovery"' of norm-.l response to G-loading by comparing curves 

exprès »ing tl»« rel tion of response of miee to their acceleration 

tolar nee pd to leukocyte depression after LD^q irradiation of 

man ml other nia.Is. 

'Tr. note; The inference here is probably to a statistical method 
similar to determining the 



Tbs duration required /or ’•halZ-recovery" of radioresistance 

ess arrived *t by «valu ting response to * seeded radiation exposure 
sad the resistance of nice to massive G-lo.,ding. The values 

obtained show only slight variamos» averaging approximately five 

days at LDjo (B. I. Davydov, V. V. Antipov, P. P. Saksonov, 1965). 

The period for "half-recovery* in man is «bout 25 to 35 days, a 

value in close agreement with that arrived at by other authors 

using different methods (G. 0. Davidson» I960), 

Æ 
Notably, the period of half-recovery as arrived at after 

evaluating the effect of multiple radi tion exposures equals only 

the half-period of decreased sensitivity of irradiated animals 

to critical G-loading. 

Before deriving a curve showing man’s tolerance to massive 

a-loading at various levels of radiation, the selection of 

corresponding criteria for the derivation of extrapolated coef¬ 

ficients is essential. Among the criteria from which an 

extrapolating coefficient may be derived is the diverse r«dio- 

sensitivity of animals and man. irradiation yielded 

s coefficient of radiosensitivity ofmice/san (based on incidence 

of mortality) equal on the average to 1.35 at a probable mortality 

of 0.1—95*. 

In our earlier experiments (B. 1. Divydov, V. V. Antipov, 

P. P. Saksonov, 1965) we established that the curve expressing 
the tolerance of irr dinted mice to O-loading is influenced by 

the mean survival tias (MST) of irr diated mice. Conceivably, 

this correlation is extended to man. Obviously, the dur «tion 

of normal (or decreased) sensitivity of # given irradiated organism 

to G-loading cannot be greater th^n the MST. 

Coefficients of extrapolation were derived by computing 

the divergence of the MST in irradiated men and mije *t 300 to 

2,000 B8R. At doses of 300-600 B8R, 700-900 BBR, and 1,000- 
2,000 BBS, these coefficients were computed to be 1.77 (1.72- 
1.6«), 2.00 (1.93-2.05) and 2.50 respectively. Substituting 

these into equation (1) at irradiation levels between 300- 

2,000 BBS, 

X 1Ü3 X C 



wh«re C300.ÔQ0 ^ - 1-77. BE« * i.00f r.nd C^2 KUR " 2-*>, 
«»d ffaployinç the coefficient of ext**pol.*tion {derived above J, 1.35, 

Dt 3.7 X 103 X C (3) 

«here 200 B8R < D < 700 BEK. /t D < 200 HER where the probability 

of Bwrtality a» cited by Langb <e et ul. (W. Luntfh.u«; Ph. Brooke, 

D. Grahn. et al., 19<jS) i* equal to only 1-3&, use of the coefficient 
of extrapolation derived through MST studies of mortally injured 

animals is apparently untenable. 

In our opinion, the difference in rate of recovery processes 

is better employed as the functional criterion at D < 300 HBR. The 

rate of recovery froe radiation sickness is known to be a function 

of the rate of astabolic processes, and consequently dependent 

upon the type of animal involved. 

taken as «^5. At 200 r 

/«cording to a number of authors, the half-recovery time for 

radiosensitivity for nan is 25-35 days and approximately five 

days for mice. Davidson (1957) established a mean half-reocvery 

time in man of approximately 2fc days. Applying the tolerance 

of man to massiv« G-loading in our experiments, we arrived at a 

value of 2b days (B. 1. Davydov, V. V. /otip » P. P. Saksonov, 

1965). The ratio of tbs half-recovery time in man to mice is 

5.6-5.2. 

As seen from Figure 1, 0-loading resistance in mice receiving 

loo BBR is equal to that of control mice after 45 days, which 
is longor than the period required for total recovery from 

radiation sickness for mice. In man the period of total recovery 

from the reversible components of radiation sickness is computed 

to be 200 days. Consequently, the period of total recovery in 

*an is seen to be approximately 4.4 times greater than that of 

mies. The values for these coefficients derived through various 

means are significantly clos On the average, this coefficient 

Dt 1.B5 X 10* 

«Tr. note: BBR and r are used as they appear in original. 



«feer« D < 200 r. Into fornul (2), which dwscribws the reepons« 

at an irradi .tect aaiaal to .x »econd [repe. tedj centrifugation) 
the coefficient« of extrapolation euet be subetituteff *o th.\t the 
data nay be aadc ppiicable to m^n. 

Figure 3 shows a series of curves derived through extrapolation 
of the experimental dat« to nan (B. I. Davydov, V. V. /ntipow, 

P« P. SaksenoV) 1V67). In this figure« curve 3 represents the 

norafal tolerance to acceleration of a nan receiving 200-700 SER, 

aod curve 4 shows the *uae at 200 BSR. Duration of the primary ' 

response must be taken into account, however. Thus, according to 

the literature reviewed by Yu. G. Grigor’yeva et al. (1965), 

the sharp, primary response to radiation doses up to 400 BHR 

continues to the third day. The probability that such a primary 

response will arise is dependent on the radiation dose. Curve "c" 

of figure 3, arrived at through information cited by W. C. Brown 

(1953, 1953a, 1955), H. Gerstnev (I960), J. Morton (1957), L. Miller, 

G. Fletcher, H. Gerstner (1958), J. Burnell, B. Wolfson, C. Perryman, 

F. Feldes (1961), and curve "b" derived by Tu. G. Grigor'ywa et al. 

(19ó5) give some idea of the relatif») involved here. These curves 

diverge one fro« the other, apparently because the first set of 

«Uta was recorded aainly fro« people accidentally irradiated, and 

the eecond set of data was recorded fro« patients receiving radiation 

As Figure 3 shows, radiation dosage is functionally related 
to the time lap«« after irradiation0. To determine the minimal 

radiation dose <t which G-loadlng tolerance will remain norm. 1, 

determination of the period which a*y be assuoed as the end point 

oí the abscissa scale in Figure 3 is neoessary. Consequently, 

it is neoessary to select a criterion whereby this teapor>1 point 

might be determined. The end point on the abscissa in Figure 3 

may be assumed to fall, with certain allowances, at the end of 

ono of two time intervals. The first interval is the first half 

of the period required for complete postradiation recovery, 

in the course of which 90» of the reversible components of radiation 

sickness are compensated for. The second is the period required 

for total recovery. The period of total recovery fro« radiation 

sickness, evaluated through radiosensitivity restoration studies, 
runs for 200 days. 

*Tr. note: Reference here is to the lapse of tine before G-loading. 

9 



According to curv« 4 (Piyvur« 3)v the ainisud r .diation dosa 

which «licita no changa in raspan«« to G>loading (on* run) in th« 

coursa of 200 days is «qual to «pproidj^.taly 90 BBR. For a s«cond 

centrifugation, this do«« is «qual to approxinataly 50 BOR (curv« 5). 

Consequently, on th« basis of ck\ta we arrived at through extrap¬ 

olation , doses of 50-90 BEK «licit littl« change is th« toleranc« 

to G-loading of a nan irradii.t«d at that level to thet of a healthy 

person within 200 days after irradiation. 

As stated e- rilar, a nuaber of authors tt.ve cited th« problea 
of establishing MPB for raen in nflying11 cr »ft (G. K. Fratdc, 

P. P. Sakscmov, V. V. Antipov, N. N. Dobrov, 1962) V. V. Antipov, 

N. N. Dobrov, P. P. Saksonov, 1964) Yu. G. Grigor'yev, Ye. Ye. 

Kovalev, A. V. Lebedinskiy, Yu. G. Nefedov, 1965) Yu. G. Grigor'yev, 

A. K. Gus'kovu, N. P. Daashlak, V. G. Vysotskiy, et al., 1965). 

However in th« majority of instances, the criteria by which the 

authors arrived at their recosuaended MPB has proved inadequate 

for space flight. 

For this reason, great interest was attendant on attempts 

to evolve other aethods for arriving at the naximm tolerable 

irradiation which would be wore specific for sp. ce flight. G-lo^ding 

was presented .s ataong the first of the possible criteria representing 
the wore douin nt factors of sp:ice flight (V. V. Parin, P. V. 

Vasil'yev, V. Ye, I9t»5). 

As .ipp..r«nt from the u.iteri.»! presented above, our evalua tion 

of the MPB is derived oolely froa quantitative indices. However, 

this is clearly insufficient, and for a more profound analysis it 

would apparently be necessary to utilise in addition a number of 

physiological, biochemical, and other tests. 

As has been shown earlier (G. 0. Davideon, 1957), extrapolation 

of experimental data to man ha« been employed with sufficient 

success in radiobiological investigations carried out by * number 

of authors proving extremely useful from a practical point of view. 

Recognizing the conditional aspects of such a method, we have 

also attempted to extrapolate experimental data from animals to man 

utilizing the quantitative divergence in the radiobiological laws 

governing mice and men. In this light, however, the similarity of 

10 



* nwâbmx of quellt '.tiv« r adiobiological Chany*« occurring in otic* 

and in n*n i» uot.-bl®. Thus, Mat* (1962) indi cat«« th;t dapr««aion 

of the variou« type* of blood cell« in atan occurs in the «.mb* 
chronological order «« thAt in nie«» «/feeling first the lyaphocyte«, 

then the reticulocytes, gr-.nulocyt«», and finally the throabocyt««. 

As P. P. Saksonov (1959), A» S. Mosshukhin, F. Yh. Rachinskiy (1964) 

have «aph¿sized, convergence in the clinical profile of acute 

radiation sickness in nan and in the higher anisMls shows that 

only quantitative divergences exist in the appearance of the 
individual sysaptoas *nd also in the period of tine required for 

thesa to develop* after irradiation. 

Thus, the data presented i» this report should be viewed as 

the first atteapt to derive the i-PR for cosmonauts involving a new 

approach. Obviously, the final determination of the coefficients 

of extrapolation presented in this report should be nade during 

actual flight; however, determining then with a greater degree of 

precision could be carried out by special experimentation on other 

types of animals. Further experiments to determine the MPK for 
-osmonauts involving criteria derived from other major sp»ce fli^t 

factors «dll be of paramount significance. 



Legends for the Figures 

■1 

Fig. X« Dose plotted *g.<in»t tiee 1 pse [after irrAdi-tion] 
to show tolerance of mice to G-loading. 

e — after one centrifugation 

A — after two centrifugations 

Fig. 2. Response of irradiated mice to « second centrifugation. 

where A1 • * test anieiil aortality, 
* control »ortality 

and A3 ■ % test Animal uortulit/, 
Aam% control mortality after a second centrifugation 

1 _ 500 BER, 2 — 250 RHÄ, A — 350 BSR, iff —- 2CX) BBRf 
o — 10O BER 

Fig. 3. Theoretical dose-tiiae laps« relation showing tolerance 

of irradiated humans to critical G-loading. 

1 — Me'>n Survival Tine (KST) for man after irradiation 

2 — Extrapolated curve showing wan1s tolerance to G-loading 

(MST extrapolating coefficient) 

3 *— Stise as curve 2 r but with coefficient of radiosensitivity 

taken into account 
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