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Foreword

This report was prepared in response to Work Assignment No. 22.
It is the fourteenth in a series reviewing Soviet developments
in life support systems. The report is based on materials made
available at the Aerospace Information Division during January
and February, 1963. Items are selected from Soviet open liter-
ature. The materials in this series are grouped according to
the following topics:

PART A. BIOSCIENCES

I. Space medicine and biology
II. Space physiology
III. Perceptual physiology
IV. Space psychology
V. Space vehicle ecology
VI. Survival conditions

PART B. INSTRUMENTATION

Materials in this report deal with topics I and II.



AID Report P-63-80
Work Assirment No. 22(1i)
6 June 1963

SOVIET LITERATURE ON
LIPE SUPPORT SYSTEMS

PART A. BIOSCIENCES

TOPIC I. SPACE MEDICINE AND BIOLOGY

1) Poltavets, I. M., F. F. Sinitsyna, M. P. Filippov, and M. P.
Kolyada. Preventive treatment of radiation sickness. IN THEIR:
0stryye radlatsionnyye porazheniya i ikh lecheniye [Acute radia-
tion injuries and their treatment]. Kiyev, Gosmedizdat USSR,
1962. 70-72

A brief survey is given of preparations used for the protection
of the animal organism against ionizing radiation. The preparations
either inhibit radiochemical reactions in the organism or reduce its
radiosensitivity.

Injection of organic sulfur-containing compounds, such as cysteine,
glutathione, and P-mercaptoethylamine before irradiation produced a
marked protective effect. The most effective and least toxic was
P-mercaptoethylamine.

A mixture of adrenaline with acetylcholine when injected sub-
cutaneously immediately before irradiation resulted in the survival
of 35% of the test animals (controls, 100% lethal). The protective
effect of the mixture was also manifested in a milder development
of radiation sickness, accelerated restoration of the functions of
the hematogenlc system, and milder intestinal injuries. By compari-
son, the survival rate of animals administered cysteine and thiourea
was 15 and 23%, respectively.

Sodium salicylate (500 mg/kg) injected intraperitoneally for a
week prior to irradiation decreased the mortality of the test ani-
mals by 50%.

Narcotics (morphine) and-barbiturates also possess a protective
action against ionizing radiation.

The protein level is of great importance,since protein-deficiency
increases the radiosensitivity of the animal. Some Soviet authors
recommended incorporating protein hydrolyzates into the blood stream.

Artificial hyperglycemia induced in test animals before irradia-
tion has been found to reduce their mortality from the effects of
radiation on carbohydrate metabolism.
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Table 1. Results of tests of the protective
effect of AET in differeht animals

Mean life
Irradi- Nunber Sur- span of ani-

Kind of AET dose, Mode of ation of ani- Sur- IT'val eals that
animal mg/kg administration dose, r mals vived rate, % TI died, days

Mice 500 Per os, 30 to 40 min 700 19 13 63 3.9 13
before exposure

600 same 700 20 8 40 1.6 16.7
700 srue 700 20 16 80 5•5 17.0

Control same 700 108 20 - 11.6

.500 sae 750 30 32 40 7.3 14.3
600 same 750 40 25 62.5, 8-P 12.5
700 same 750 56 24 43 6.5 13.2

300 Intraperitoneally, 10 650 77 33 43 7.6 14.2
min before expsoure

Control 750 158 - 0 - 6.2

Rats 400 Per os, 30 to 60 min 750 39 4 10 2.1 11.8

before exposure 2
600 sam e 7 50 0 -0 -1 .

600 same 750 29 2 7 1.5 9.7

200 Intraperitoneally, 10 750 38 5 13 2.4 10.4
rmin before exposure

250 same 750 18 .,2 11 2.0 14.2
Cotrol 750 80 0 - 9.3

Dogs 200 Per os, 2 hr 350 1 1 - 1.1 15.7
before ex,;csure

200 + er o, 2 to 4 hr 350 8 2 - 1.3 18.1
treat- i before exposure
ment
2Y + same 350 8 3 - 2.5 19.4

treat-
ment2

Control 350 15 13.5

I T in survival rnte vas calculated by the alternative-variaticn method. The data are con-

sidered reliable with T >3-

2 In this series of experiments the doses of antibiotics and vitamins were doubled.

-2-



Administration of vitain P (lemons for 30 days prior to irrad-
iation) resulted in" deereaspig the mortality of the test animali 'Y
10%. Antibiotics, particularly streptomycin, prevent the develop-
ment of bacterlema in animals. Some hormones, such as adenocorto-
.ropic hormone and adrenal cortex extract, also protect against ibn-
iziig radiation. However, no completely reliable protective sub-
stance against ionizing radiation has been discovered.

2) Razorenova, V. A. Prevention of acute experimental radiation
sickness by S-p-aminoethylisothiuronium (AET)o Patologicheskaya
fiziologiya i eksperimental'naya terapiya, no. 6, 1962, 49-54.

Total-body y-irradiation (CO°; dosage, 366-417 r/min) was ad-
ministered in single doses to 510 white mice (700 r, LDe;' and 750 r,
LD 0oo), 224 white rats (750 r, LD )P and 35 mongrel dogs, (350 r,
LD~oo). AET was administered to the rodents intraperitoneally or
internally in the form of 2.5 to 5% aqueous solutions and to the dogs
in the form of tablets in a piece of meat. The rodents were observed
fQr 30 days, the dogs for 45 days after exposure.

ART injected internally (500, 600, or 700 mg/kg).30 to 40 min
before pxposure (750 r) increased the survival rate of the mice by
40 to' 6 % and increased the life span of those that did not survive
by 6 to 8 days as compared with the controls. When injected intra-
peritoneally (300 mg/kg) 10 min before exposure, AET increased by

days the lI fe 'span of the mice that did not survive; 43% of the
irradiated mIce survived.

Administration of AET before irradiation had a beneficial ef-
fect on the course of radiation sickness in mice. In experiments
with rats and dogs the administration of AET had only a weak pro-7
tective effect 'and had no effect on the course of radiation sick-
ness. A combination of AET with large doses of vitamins and anti-
blotics did not increase the survival rate of irradiated dogs.

The survival rate of mice with AET was twice as high as with
cystamine hydrochloride (40 versus 20%), but, .ih dgs 1*' v a;,y about,
one-half as effective as mercamine (30 versus o6%).

The results of experiments with AET are shown in the table and
figure.
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3) Revis, V. A. Incorporation of methionine-3S6 into the protein
of bone marrow and spleen in acute radiation sickness and the
effect of bone-"urrow transplantation on this process. Radio-
biologiya, v. 2,.no. 6, 1962, 919-925.

Experiments were conducted with rabbits of the same breed 5 to
6 months old and wei~h1ng 2.7 to 3.0 kg in which acute radiation
sickness was induced by total-body irradiation with 1100 r from an
PYM-3 apparatus (180 kv; 10 ma; filter, 0.5 mm Cu and 1.0 mm Al;
distance, 40 cm). Methionine-SO6 dissolved in 2 ml of physiologi-
cal saline solution was Injected subcutaneously into the spinal
region (6000 pulses/min/g body weight) at different periods of
radiation sickness. The animals were killed by air embolism 2 hr
after injection of methionne-S", and 0.5-g samples were prepared
of marrow from the thighbone and shinbone, of the spleen, and of
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the skeletal muscles in the shank region. The weighed samples were
processed, and the protein was freed of lipids and thoroughly washed
to remove any traces of radioactivity. The washed and dried protein
was pulverized and spread evenly over the target (10 mg/cm ).

Two series of experiments were conducted. Thirty-two rabbits
were employed in the first~as follows: 6 rabbits, 72 investigations
(controls, no irradiation), incorporation of tagged methionine into
protein of the bone marrow, spleen, and muscles; 3 rabbits (42 in-
vestigations), incorporation of tagged methionine into proteins of
the same organs after exposure to 1100 r; 4 rabbits (52 investiga-
tions), 3hporwatlw of methionine 3 days after exposure; 5 rabbits
(70 investigations), incorporation of methionine 6 days after ex-,
posure; 6 rabbits (72 investigations), incorporation of methionii-
2 weeks after exposure; 5 rabbits (60 investigations), incorporation
of methlonine 1 month after exposure; 3 rabbits (36 investigations),
incorporation of methionine 2 months after exposure (Table 1).

Table 1. Incorporation of methionine-S3 Into
protein fra the bone marrow, spleen, and
skeletal muscles of ccitrol and irradiated

(1100 r) rabbits (in %)
Re. 1 "eelative avL r r, gE,,n in

Control PerLo atr e re to 110

irradia- after ex-
Orgam tion) poiuzue 3 daYs 6 dqs 2 weeks. I month 2 moiths

Bone narrow 4.5 8.5 9.8 3.3 1.1 2.6 10.6

Spleen 3.2 4.1 1.4 0.8 0.1 1.5 5.5

Muscle 0.8 0.8 Q'I 0.07 0.02 0.3 0.6

In the'second (24 rabtits)the incorporation of methionine-S35
was determined after the transplantation of 2.5 g of preserved bone
marrow (from the thighbone and shinbone) 24 hrs after exposure. The
breakdown was as follows: 3 rabbits (42 investigations), incorporation
immediately after exposure to 1100 r (bone marrow transplanted, in
these rabbits only, immediately after exposure); 4 rabbits (56 investi-
gations), 3 days after exposure; 4 rabbits (56 investigations), 6 days
after exposure; 4 rabbits (8 investigations), 2 weeks after exposure;
5 rabbits (60 investigations), 1 month after exposure; 4 rabbits (48
investigations), 2 months after exposure (Tables 2 and 3).
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Table 2. Incorporation of methionine-S 5 Into protein
fra the bone marrow, spleen, and skeletal muscles of

control and irradiated (iQO r) rabbits after
transplntatice of preserved bone marrow

(in %)

Relative activity per gram protei,
€ro . .erlo. arer expore to ILUO r,

(without Imediately
irradia- after expo-

Organ tion) sure 3 days 6 days 2 weeks 1 mouth 2 mctahs

Bone marrow 4.5 8.1 6.6 3.5 3.9 4.4 7.3

Spleen 3.2 4-3 3.0 3.0 2.6 3.2 4.1

Muscle 0.8 0.7 0.4 0.3 0.1 0.6 0.9

Table 3- Level of incorporation of methionine-S' 5 into
protein fron the bone marrow, spleen, and skeletal mus-
cles of irradiated (1100 r) rabbits as related to length

of preservation of transplanted bone marrow

Dose of
trans- Relative activity per grim protein

Period of planted Number of 2 weeks after expmure,. %
preserva- bone mar- investiga-
tion, days row, g tions Bone marrow Spleen Muscles

35-36 2.5 12 4.6 3-7 0.4

37-39 2.5 12 3.8 2.5 0.09

40 2.5 1 24 2.9 2.2 0.08

In series I a marked increase occurred in the rate of incorpora-
tion.of methionine-S~into protein of the bone marrow and spleen
immediately after irradiation, while in the skeletal muscles the
rate remained unchanged. It decreased markedly during the acute
period of radiation sickness. The greatest decrease occurred 2
weeks a.fter exposure (1.1, 0.1, and 0.02%, respectively, compared
to 4.5, 3.2, and 0.8% in the controls). During the period of re-
covery the rate of methionine absorption in the bone marrow and
spleen was gradually restored exceeding the normal rate 2 months

>after exposure (10.6 and 5.5%), while the incorporation level in

-6-



the muscles still remained below that of the controls.

In series II the decrease in the rate of incorporation of
methionine-Sabwas less marked. The greatest decrease occurred
in the bone marrow (3.5%) 6 days arter exposure, in the spleen.
and muscles (2.6 and 0.l , respectively) 2; weeks after exposure. The
incorporation of methionine-S sinto proteins of bone marrow,
spleen, and skeletal muscles was restored much more rapidly in
irradiated rabbits after transplantation of bone marrow.

4) Zherebohenko, P. G., I. G. Krasnykh, Ye. I. Kuznets, N. N.
Suvorov, V. S. Shashkov, and S. P. Yarmonenko. Radiopro-
tective effect of the combined use of amines. Meditsinskaya
radiologiya, no. 3, 1962, 67-72.

Experiments were conducted with pubescent mice (male and fe-
male) weighing 19 to 22 g subjected to total-body irradiation from
an Pfl-3apparatus (180 kv 15 ma; filters, 0.5 mm Cu and 1 mm Al;
distance, 35 cm; dosage, 40 r/min). The preparations were dissolved
in physiological saline solution immediately before the start of
the experiment. Lyophilized mitochondria from the liver of white
mice were used to study the action of monoamine oxidase on the
drugs; tryptamine hydrochloride was used as standard substrate.

The combined use of mercamine and tryptamine (Table 1) in
optimal doses (100 and175 mgdcg) increased the survival rate of the
animals to 85.5%, i.e., by 5u to 60% above that resulting from
the use of these drugs individually. The results of experiments
with these two drugs and hydrochloride are presented in Table 4.
An increased effect was also obtained with the combined use of
histamine with tryptamine and mercamine (Table 2). These drugs
were just as effective when the animals were exposed to larger
doses of radiation (800 r). Excessive doses of these drugs pro-
duced toxic effects, thus decreasing the protective effect.
The combination of these drugs with some known radioprotective
agent (e.g., AET with cystamine, mercamine, or tryptamine: Table 4)
did not always produce a protective effect, probably as a result
of the inhibition of the oxidative deamination of tryptamine by
AET.

Experimental data on the combined use of AET with mercamine
or cystamine indicate an effect similar to that produced by the
three when used individually and argue for the similarity o. their
mechanisms. The differences in the capability of these
drugs to increase the protective effect of tryptamine is probably
due to their unequal effect on its deamination.
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Table 1. Effect of meresaune and tryptane used
separately or, in cambiwiotic m tbe survival of
mice irradiated with 700 r (intraperitoneal unjec-

tion 5 to 10 min befOre irra&iation)

Survived

Dose, Ntmber NuM- Mean life
Group Prevaraticn fug/kg of mice ber % ±m Ti span

I Control (no prep- - 60 1 1.6 - - 11.7
aratis)

II Tryptamune ECI 100 30 7 23-3 7.8 3.03 16.8

75 30 5 16.6 5.3 2.6 12.4
50 30 3 10.0 5.6 1.4 12.8

III Mercamine HBr 175 30 U1 36.3 7.3 4.6 16.0
150 30 8 26.6 8.2 3.02 15.4
100 30 9 29.9 5.5 4.8 14.8

Tryptsmune HC1+ 100 35 30 85.5 6 2 6.6 16.2
+ mercumine HBr 175 5.1

sle 75 6
IV 150 40 30 75 6.9 V 19.2

sam 5 4 21 52.5 8.o0 - 1-same 50 231.
100 10 2 25 80 2.3 1.

1 In the numerator, degree of reliability T with respect to tryptamune; In the
denominator, with respect to mercsmine.
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Table 2. Protective effect of tryptmne, mercomie,
and histamine injected separately or in acabintion
into mice irradiated with 700 r (intrapeAritoneal in-

Jection 5 to 10 min before irradiation)

Dose,* Number Srvive
Grouap Preparation mg)/kg of mice Fm~be;

I Control (no prep- - 50 2 4.4
aaticn)

II Histmine-2 W1 350 69 20 29

III Mercain KC1 150 60 25 41.3

Tryptine HC1 100 69(7) 28 45.1

Histine 2M1 + 262.5 89 60 67.5
+ mremne H1 112.596

V
no 262.5 82(3) 68.3

75

Note: In pexeztheses. nilmbpr of animals which died on the first d'v after exposure,

Table 3. PRotective effect of meremiine and tryptamiie
in mice irradiated with 700 r in relation to the dose

of preparatim used

Dose, Number of Survived
Preparatiou mg/kg mice Nuber

Mercamine 150 40 24 60.0
hydrochloride 225 20 10 50.0
Tryptane 100 3.o 41 37.0
hydrochloride 150 49 11 22.4

200 30 5 16.5
Cotrol (no 1
prepation)o 9
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Tab1 14 Efteot of eos*tned eft4atlttion of AZT
4th meoamin. or tr'ptM1 on th suvival of mice

Irradiat. with 700 r (lutr sa" toal. Injection 5
to 10 af befort irraition)

S- ived Mean
Dose Nusber Nin- life

Pre"ant5.. mg/re of :mLo bar bM T2 span

Control (no prepws tio) - 69 1 1.41. 46 - 10.1
AETo 150 89 55 61.8 5.14 11.3 19.5

Mercawe 150 40 24 60 7,85 7.3 16.8

Tryptin. 100 1 13 43.3 9.2 4.5 13.6

.ET + ..2.5 78 59 75.6 4.9  f 19.3
mercamine 11.5 

1

A)+ 1 ,5 0.2
tryptsi ne 75 72 24 6.0

AET + 75 20 ,0 030. 17.6
tryptamine 50

In Parenthenss, number of animals which died an the first day after exposure.
In the nmertor, degie of reliability T with respect to AZT; in the denominator,
with rspect to 5awrUIAe or tryle.
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AID Report P-63-80
Work Assignment No. 22(14)
6 June 1963

TOPIC II. SPACE PHYSIOLOGY

1) Lagutina, N. Ya. The blood-coagulating system after transplanta-
tion of bone marrow in acute radiation sic1ness. Radiobiologiya,
v. 2,.. no. 6, 1962, 855-858.

Experiments were conducted with 14 dogs of both sexes irradiated
with a dose bf LtP00 (180 kv; 15 ma; filters, 0.5 mm Cu and 1 mm Al;
distance, 70 cm; dosage, 12 r/min; total dose, 600 r). All the ani-
mals developed acute radiation sickness; 10 survived. Bone marrow
obtained from dogs in amounts of 45 to 50 ml by puncture of the ilium,
femur, tibia, and breastbone and stabilizea with a 6% sodium citrate
solution was transfused intravenously 2 or 8 to 10 days after expo-
sure. The dogs were also given antibiotics. The clottingrecalcifi-
cationthrombinand plasma and serum prothrombin time were measured,
the free heparin, fibrin, proconvertin and proaccelerin contents were
inveptigated, and a basic thromboplastin test was performed.

Injection of homologous bone marrow decreased the blood-clotting
time and the content of free heparin, although an increase in the
amount of heparin in the controls was observed,and caused a sharp
drop in the number of thrombocytes in the peripheral blood, which did
not rise until 20 to 25 days after exposure. Despite the low thrombo-
cyte content, the decrease in prothrombin consumption in the treated
dogs was insignificant. Thromboplastin was formed in 3 to 4 min; the
prothrombin time was 20 to 30 sec (20% thromboplastin in the controls)
(Figs.l and 2).

The change in thromboplastin formation with marked thrombopenia may
be connected with the consumption of thrombocytic factors in case of
the destruction of the transplanted bone marrow and the blood elements
formed. The concentration of blood-clotting factors IIy V, and VII
did not change. Clot retraction decreased sharply and sometimes did
not occur. It returned slowly to normal 20 to 25 days after treat-
ment.

Of great importance it- the prevention of hemorrhaging is the effect
of bone-marrow transplantation on the decrease of heparin activity and
on the activation of serotonine formation. It also prevents a decrease
in thromboplastin formation.
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2) Lozina-Lozinskiy, L. K. Tolerance of insects to extremely low
temperatures. IN: Akademya nauk SSSR. Doklady, v. 147, no. 5,
1962, 1247-1249.

Corn borer caterpillars (in diapause) kept at 0 to -4eC for 3 to
4 weeks showed a marked increase in tolerance to low temperatures.
When cooled first to -30*C and then to -78*C, 100% survived after
thawing; when cooled to -30"C and then to -196*C, 60 to 70% survived.
Caterpillars not subjected to a precooling period of -30*C survived
at -78eC but died at -1830 and -1960C. Without a precooling period
at approximately 0eC only a small number of caterpillars survived
at -78 C and only individual caterpillars reacted to an electrical
stimulus when exposed to -196*C. Temperatures below 0C did not de-
velop tolerance to extremely low temperatures (Table 1).

Table 1. Effect of conditions before and after cooling
on the tolerance of caterpillars to -780C

Ho]m2ig tem-
perature, °C

Number Survival
Number of Date of ex- of cate - Before After Reactia after and -

experiment periment Pillars cooling cooling tbawing d.velopmnt

23 30 Nov 61 20 22 22 5% react to Died after
electric cur- 1 day

rent (e.c.)
22 20 10 22 25% mobile, Survived'

15% react 3 to 34
to e.c. days

24 21 4 22 76.2% mobile, Survived
14.3% react 5 to 55
" to e.c. days

21a 20 0 to 28 Dec, " pupated,

0; after 100% mobile 30% '1ter-
28 Dee, 22 flies

21b 10 -2 100% mobile 30% pupated,
20% butter-
flies

21c 10 -2 22 100% mobile Survived
2 to 23

In two experiments 11 out of 30 caterpillars went through their
usual cycle, i.e., chrysalis, butterfly, and oviposition. The speed
of cooling and the sequence of temperatures were found to be of great
importance to the development of tolerance in the caterpillars
(Table 2). It was observed that a temperature of -5000 had a more
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Table 2. ToleUme of caterzipms to exztremsly
low t eierwvtxu at vsewiou aequAne, speed., and
&uratim of coolln. NolA±ng temperature, VC

ftN ir cc Date at ex- cater l- Readtion after Life span,
exper*ent perlmnt laxe Cooling eequence tawing das

35 afn, - 30 55% obile, 15% 4 -44
32 18 Dec 61 20 2 "aa, - 78* react to e.0.

120 mu, .19 6 0

60 min, - 300 55% mobile, 35% 67-35
34 23 De 61 6 0 min, - 78" react to e.a.

120 uin, -196

30 min, - NO0

33 30.i, - 50 60% uobIle, . 7 -35
60 min, -1960 react to e.c.
1 0 m, -196

6o min, - 500
35 "6oi, - 78" 0 mobile, 5% 4 -6

120 min, -1960 react to e.c.

37 27 De 61 6o min, - 50°  0% mbile, 15% to 10
25% react.to e.c.

38 28 Dec 61 60 min; - 780 58.3 mobile, 5 -10
33.. react to

harmful effect than'-78*C or even -196*C. The reason for this
phenomenon has not been determined as yet, but it is surmised that
it is associated with the nature of crystallization of water in the
tissues of the caterpillars.

The duration of holding at a given temperature did not markedly
affect survival. At periods ranging from 30 min to 5 days 100% sur-
vived after thawing; after a period of 25 days, 79.2% survived.

The tolerance of the insects to extremely low temperatures in-
dicates that complex organisms can be kept in a condition of ana-
biosis, although there are dangerous temperature zones such as -500C,
which the organism must "slip through" very rapidly. The mechanism
of adaptation is under furthor investigation.
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3) Savitskiy, I. V., A. Ya@ Rozanov, and L. Ye. Pozdnyakova Effect
of x-irradiation on phosphorylation of thiamine. Voprosy meditsin-
skoy khimii, v. 8, no. 6, 1962, 592-598.

Experiments were conducted with 68 male white mice weighing 18 to
24 g. Radiation sickness was induced in 48 mice by x-irradiation with
600 r (180 kv; 10 ma; filters, 0.5 mm Cu and 1.0 mm Al; focal dis-
tance, 40 cm; dosage, 26o, r/min). The remaining twenty mice served
as controls. Thiamine-S3  freed of radioactive admixtures was in-
jected subcutaneously in a dose of 100 4g per animal. The mice were
decapitated 1 hr after the vitamin was administered. The liver and
small intestine (emptied) were quickly removed and frozen, and the
content of free and total thiamine-S3b was determined.

Chfomatographic analyses showed that tagged thiamine in the tri-
chloroacetic liver extracts occurred mainly in the form of its phos-
phoric esters (thiamine triphosphate, thiamine pyrophosphate, and
thiamine monophosphate) and partly as free thiamine-S 36. Very small
quantities of S3 5-thiamine disulfide and S36-thiochrome were also
found. The rate of accumulation of tagged vitamin B in the liver
and small intestine was determined by calculating the relative ac-
tivity (Table 1).

X-irradiation caused a decrease in the organism's ability to
utilize thiamine, as manifested by a one-third decrease in the ac-
cumulation of thiamine-S35 in the liver and small intestine of the
irradiated animals, and was accompanied by inhibition of thiamine
phosphorylation (76 to 78% as compared to 90% in the controls).
These effects were observed 2 days after exposure and were not fully
eliminated, even by the 19th day. Inhibition of phosphorylation in
the small intestine was most pronounced 3 to 7 days after exposure;
in the liver, 5 to 7 days after exposure.

The early inhibition of thiamine phosphorylation indicates high
sensitivity of the thiamine-kinase system to ionizing radiation. It
is probable that inhibition of the thiamine-kinase raaction is a fac-
tor in the decreased rate of phosphorylation, decreased ATP level in
animal tissues, and disturbance in protein metabolism after x-irradia-
tion.
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Table 1. Accumlation of tagged vitamin B, in
the organs 60 min after injection of thiamlne-SS5
(5 mg/kg) into white mice previously exposed to
6 00r

Relative aStivitv1

_ _Trr l ated mice Control mice

Number Day after Liver Small in- Number Liver Small in-
of exposure testine f testine

1 2d 136 144 1 188 216
2 2d 176 136 2 248 345
3 2d 2213 199 3 224 25.

4 2d 18) 161 4 2e6 217

5 2d J90 17. 5 238 231
6 2d 149 113 6 225 229

7 2d 140 127 - (221) (248)
8 2d 130 127 - - -

(167) (147)
9 3d 146 1i. 7 14.2 184

10 3d U6 184 8 258 284
11 3d 150 121 9 283 254
12 3d 154 104 10 235 232..
13 3d 130 140 - (229) (238)
14 3d 176 152 - - "

(145) (141)
15 5th 159 _U9 U 284 172
16 5th 216 152 12 197 203
17 5th 136 129 13 142 175
18 5th 150 124 14 148 168

19 5th 150 204 - (193) (179)
20 5th 175 105 - - -

(164) (139)
21 7th 133 137 15 235 195
22 7th 130 137 16 277 288
23 7th 117 130 17 232 222

24 7th 139 i44 18 252 262

25 7th 145 149 - (249) (241)
(133) (139)

26 19th 138 137 19 276 278
27 19th 149 157 20 225 202

28 19th 157 163 - (250) (240)
29 19th 151 165

(149) (155)

n = 29 M= 151 M = 144 n= 20 M = 236 M = 237
0 = +26.5 a = +4.4 c = +44.3 a t45.0

m, ;.9 a M 4.5 m = 9.8 m = 10.0
T - 7°7 T - 8.5

n - number of experiments; M - arithmetical mean; o - standard, deviation
a - mean deviation of arithmetical mean (m = C / 4--); T -_=Uaility index of the
difference of the two arithmetical means: T = (M- )/ m ,m;

I Parentheses indicate mean values
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4) Shepshelevich, L. L., and L. S. Rogacheva. Distribution of
radioactive vitamin B1. in the plasma and organs of rats with
acute radiation sickness. Radlobiologiya, v. 2, no. 6, 1962,
843-846.

Experiments were conducted with 53 Wistar and Capuchin (Kapyushon-
nyye). strain rats weighlng 200 to 350 g. Twelve rats were exposed to,
500 r and nine to 700 r (180 kv; 10 ma; filters, 0.5 mm Cu + 1mm Al;
distance, 44 cm; dosage, 20 r/min); 32 rats served as controls. Radio-
active vitamin B1 2 (tagged with Co ) was Injected intramuscularly in
a single dose of 0.5 to 0.6 gau (13 to 16 y of vitamin Ba,) 24 hrs
after exposure. The specific activity of the preparations was 36.6
to 36.9 gcu/mg.

The animals in which the intermediate metabolism of B1 . - CO0
was studied were divided into seven groups. The rats were decapi-
tated 2, 4, 6, 8, 10, and 14 days after exposure, and the radioac-
tivity in the plasma and organs was measured (see table). Injection
of radioactive B1 . into 15 healthy rats slightly svimulated blood
formation and did not produce toxic side-effects.

Two to four days after exposure to 500 r the greatest amount of
vitamin was found in the kidneys, followed by the heart and spleen,
and finally by the liver. After 8 to 14 days the concentration of
tagged B in these organs was almost identical. There was no es-
sential difference between the distribution of vitamin B13 in the
blood and organs of rats exposed to 700 r and that in the norm.
Tagged B . injected intramuscularly into irradiated and healthy ani-
mals in mean doses of 0.07 y/g was absorbed in very small amounts
(- 3%) on the 14th day. Large amounts of the injected vitamin (50
to 80%) were found in the excreta. No disturbances in the inter-
mediate metabolism of the vitamin occurred in rats with mild and
moderate degrees of acute radiation sickness.
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5) VladSimirov,, V. G.* Effect of cystaizte on QzKidative phosphoryla---
tion, in the spleen of irradiated white rats. .3yulletent elcaperi-
mentallnoy biologli I meditainy, no. 11,,1962, 55-57.
Experiments were conducted with white male rate weighinge 90 to

350 g excposed to total-body 3szdition, w=t 60M1 (rW kYj 15 me; dmp, 9.2 and
11. 2 r/uinj filters, 0. 5 Mi Ou and 'I Al; -. focal dtistance, t. c o).
The test rats were decapitated 1, 2, 3, 6. and 9 days after expo-.
sure. The animals In which the effect or eystamine on oxidative
phospherylation was to be studied (on the 3rd, 6th, and 9th days after

ex osr) received iumediately before exposure an intraperitoneal in-
jectioni of a 1% neutralized solution of cyotamine hydrochloride,, cal-
culated on the basis of 75 mg per' kg body weight. Splenic tissue was
homogenized in asobautmc sacoharose. (0.25 :N): to which versene (0.01 M)
and NfaP (0.1 X) were added. The tissue and sacoharose 'solution were
'used in a ratio of 1:33 The incubation mediu~mconsoisted of potasslum
fphosphate buffer (0.006 X), triotanolaminer buffer' (.0.016 N), glucose
(0.02 9), sueoini.c acid (04012 *), ngol (o.006 x),, AT? (10.001 K) , and
crystalline hexolcinase (1 mg per ml of the medium) * The pH of the
mixture was 7.6. The incubation period was 20 min at 36*0. The'rates
of oxidation and phosphor'~ao weedtrBedb tels of oxygen
and inorganic phosphate (Table 1).

Cystamine caused an incr'ease in the amount of inorganic phosphate
in the splenic tissue on the 3d day after exposure to almost twice the
amount in the irradiated control animals (Table 2). Hacoever, owing to
a simultaneous 64% increase in oxygen oonsumption, the P; 0 coefficient
changed only.slightly. ECncrease In the level of inhosphorylation in
i-Ythe spleen of irradiated rats was o bsae r ved on t he , 6th an d
9th days.

The experimental results obtained show that administration of
cystamine before exposure to x-irradiation moderates the changes in
oxidative phosphorylation occurring in the spleen of irradiated rats.
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Table 1. Changes ini odative phoshorylation in splenic
hcmogenates frm rats exposed to total-body irradiation

with 600 r

Day N ... o. +
after; No. of I Amount of bound Amount of xygen Coefficient P:O
expo- of s a-l- _phosphorus,. - consumed (4L)
sure rate yses M m -p m +m

- -- 1. oo
be fforei, 26 13 2064-11.17 73+6 -1.05+0.05

expo- i
sure i

1st 20 10 188+1o.6 Unreliable 764-7 Unreliable C.95+0.09 Unreliable

2d 27 10 131±12.8 < 0.001 94+8 < 0.02 0.52+0.07 < 0.001

3d 34 10 69+9.9 < 0.001 64+5 Unreliable 0.40i-0.05 < 0.001

6th 5)h 9 204+21 Unreliable 82+6 Unreliable 0.96_-0.17 Unreliable

9th 18 9 130+9.9 Unreliable 98+9.1 < 0.05 0.67+0.0o4 < 0.001

* M - aritbmetical mean; P - probability of variations.

Table 2. Effect of cystamine on oxidative
phosphorylation in the spleen

of irradiated rats

Dafter No. Of Aynnt of bound phos- Amount of oxygen con- Coefficient P:O

lexpo- of anal- -P-_ ____ _ . .. s..ed
sure rat yses M m %j P M m % P M +m P

3d 24t 10 136+12.1 199 <0.001 105+5.41 1641 <0.001 o .47+0.0)4 117 unre-
liable

6th 16 10 254f.16.6 124 Unre- 92+6.2 111 Unre- 1.04*_0.09 108 Unre-

liable liable liable

9th 12 9 221. 8 26- <0.01 lO+8. 101 Un- o.85o.08 17 <0.001
.4_ liable __ 127 _<0 001

* Percentages are given in relation to amount in irradiated control rats.
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