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The complex methods now widely employed for treating radiation sickness are usually based on intravenous or 
subcutaneous inject ion of drugs [4, 5]. We a t tempted  to treat  acute  exper imenta l  radiat ion sickness with preparations 
whose therapeutic  act ion we had previously studied [1, 2, 3, 6, 7], administer ing them solety per os. 

E X P E R I M E N T A L  M E T H O D  

The experiments were conducted on 29 dogs weighing 9-16 kg (14 exper imenta l  and 15 control animals) ,  
which were subjected to whole-body x- i r radia t ion  in a dose of 600 R on a two- tube RUM-3 apparatus ( vo l t a ge -200  
kV, cu r ren t -15  mA f i l t e r s -0 .5  mm Cu and 1 mm A1, skin-focus d i s t a nc e -100  cm). Under our conditions the LD 

80/30 was 600 R; this dose causing severe or moderate  acute  radiat ion sickness. 

All  the exper imenta l  animals  received batyl  a lcohol  (batylol)  and leucogen in 0.02 g tablets immed ia t e ly  after 
i rradiat ion and were also given one table t  of kaferide after 6-7 days. The dogs simultaneously received 100,000 units 
of b iomycin dai ly  for the first 10 days and 0.25 g of levomycet in  dai ly  for the next 10 days. They received a l l  the 

drugs twice dai ly.  

The batyl  a lcohol  was given for one month and the leucogen and kafer ide for 2-2.5 months. If their hema to -  
logical  indices had not returned to normal within 3-4 months after i r radiat ion the animals  were again given butyl  a l -  
cohol and kaferide for 9_4 weeks. 

E X P E R I M E N T A L  R E S U L T S  

Twelve of the 15 control (untreated) dogs died 9-22 days after irradiat ion.  They developed severe a c u t e r a d i a -  

tion sickness. Severe leucopenia  was observed during the first few days after i rradiat ion and at the height of the i l l -  
ness, i .e . ,  from the 8th to the 12th day, the leucocyte  count was 400-500 per mm 3 and 150 per mm 3 in certain cases 
These dogs simultaneously developed severe thrombopenia,  re t iculopenia,  and marrow aplasia.  On dissection, the 
dead dogs exhibi ted the typica l  pattern of severe acute radiation sickness, with marked symptoms of hemorrhagic d i s -  
thesis and atrophy of the fol l icular  apparatus in the lymph nodes, spleen, and a l imentary  tract  accompanied  by infec-  
tious complicat ions.  The illness took a 1-nilder form in the three animals which survived. The leucocyte  count of 
dog No. 25 (Fig. 1) was 400-600 per mm s on the 22nd-26th day and 900 per mm a on the 33rd day; thrombocyteswere 
detected in the form of single cel ls  and the bone 1-narrow was destroyed. 

Two of the 14 t reated dogs died (on the 9th and 26th days). The symptoms of radiation sickness were slight in 
the dogs which survived: there was no hemorrhagic syndrome, dyspepsia, or loss of weight.  Only a few animals  ex -  
hibi ted a brief  loss of appet i te  and shedding. 

The changes in hemato log ica l  indices were slight (Fig. 2). The developing marrow hypoplasia did not pass in-  
to aplasia in a single case: intensive erythroblastic hyperplasia was observed. The bone marrow returned to normal  

916 



40, 

J8 

37 

Hemoglobin 
~, (in g-%) 

,ll\ 
] ' \ .  .i,, 

' "  ? ' " ' - - . i  ..... 
7,s • ',, ,,,', 

;1 "%.-"-*-.. --" "<--x,.-7-7.- 

}J., \q\ 
0| . . . .  . . . . .  

1 2 $ Y 8 lO /5  /Y  22 28  29 33 

Time  (in days) 

Fig. 1. Changes in weight (1), temperature  (2), leucocyte  
count (3), and hemoglobin count (4) in control dog No. 25. 
5) Hemoglobin (in g-%); 6) t ime  (in days). 

no sooner than 2-3 months after i rradiat ion.  At this 
t ime  the erythrocyte and hemoglobin  counts somewhat 

exceeded their  in i t ia l  levels .  The max imum leuco-  

penia (900-1300 leucocytes  per mm 3) was recorded in 
the t reated dogs 7-22 days after i rradiat ion.  In the 
major i ty  of cases the leucocyte  count did not drop be -  
low 2000 or even 3700-4000 per mm a. Normal izat ion 
of the leucocyte  count began on the 13-24th day. A 
slight anemia  was observed in cer tain dogs (Nos. 35, 
36, and 42) at  la ter  t imes. In only one dog (No. 30) 
did the erythrocyte count drop to 1,810,100 and the 
hemoglobin content to 4.6 g-%.  The ery throcytecount  
ordinarily did not go below 4,000,000-5,000,000, while  
the hemoglobin content remained  above 9-10 g-%0. 
The ret iculocytes  did not disappear in a l l  the dogs; 

when this did occur they reappeared after 5-20 days. 
Prolonged thrombopenia  was observed in 511 the an i -  
mals and the thromboeyte  count reached normal  levels 
by the end of the exper iment  (after 6 months) in only 
a few of the dogs. 

The mi ld  radiat ion-s ickness  course and the resto-  
ration of the functioning of the hematogenic  organs in the t reated dogs were confirmed by the data obtained in pa tho-  
morphological  investigations. On dissection of 8 dogs which were t reated and then k i l l ed  2 -4  months after i r rad ia -  
tion symptoms of hemorrhagic diathesis and changes caused by infectious compl ica t ions  were not de tec ted  in a single 
case. Histological  examinat ion of the spleen showed that  it  re tained a sufficient number of fol l ic les .  No destruction 
or atrophy of the fol l icular  apparatus was observed in the lymph nodes and the fol l icular  structures ioca ted  along the 

a l imentary  tract. To the contrary,  the fol l icles and myelo id  strands were in tac t  and this to some extent  indica ted  
a restoration and normal izat ion of lymphopoiesis.  An i ron-containing pigment  was frequently detected in the cel ls  
of the re t iculoendothel ia l  system; this indicates  an improvement  in the phagocyt ic  and enzymat i c  capac i ty  of its 
cells .  Vasodilation was noted in the lungs, l iver,  and kidneys. At the same t ime,  dystrophic changes were observed 

in the muscles, liver, and kidneys, but they were considerably less marked than those in the control  animals .  Com-  
plete  remission of these changes apparent ly requires a longer t ime.  

A decrease in the peroxidase ac t iv i ty  of the blood was character is t ic  of the recovery period for both the control  
and exper imenta l  dogs, setting in during the height of the illness and increasing in extent  with the severity of the an i -  
ma l ' s  condit ion.  

During the recovery period the total  phosphorus content was normal ized  in the t reated animals  20 days after  i r -  
radiat ion and, in certain cases, had a tendency to increase slowly. Conversely, the total  phosphorus content in the 
blood of the control dogs increased until  the 33rd day, reaching a twice -normal  leve l  in 2 of the 3 animals .  

The most character is t ic  changes occurred in the creat ine and crea t in ine  content .  After a more or less marked 
increase or decrease during the height  of the radiat ion sickness the creat ine content  of the blood of the t reated dogs 
decreased in an irregular fashion during the recovery period, being subnormal by a factor of 1.5-2 in cer ta in  animals;  
conversely, in the control animals  i t  increased in para l le l  with the total  phosphorus conten t  and exceeded the normal  
level  by a factor of 1.5 by the 33rd day. 

The serum content of readi ly separable iron varied considerably less in the t reated dogs than in the control an i -  
mals; in both cases the acute radiat ion sickness was induced by massive whole-body irradiat ion.  The serum content  
of readi ly separable iron increased steadily from the 10th-15th day onward in the dogs which rece ived  drugs and 
reached or even exceeded its normal  leve l  by the 30th day. In contrast, in the control  dogs, the serum content of 
readi ly  separable iron dropped sharply immed ia t e ly  after irradiation and, after a brief  rise on the 3rd-gth day, appar-  
ently caused by intensified erythrocyte hemolysis, continued to decrease until  the an imal  died (on the 9th-20th day). 
From the 25th-30th day after i r radiat ion onward the surviving control dogs exhibi ted a slow irregular rise in readi ly  
separable iron content. 

Tissue respiration and reserve a lka l in i ty  were invest igated in special  series of exper iments  on rabbits and rats. 
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Fig. 2. Changes in weight (1), temperature (2), leucocyte  count (3), and 
hemoglobin count (4) in dog No. 31, which was t reated after irradiation in 
a dose of 600 R. 5) Weight (in kg); 6) hemoglobin (in g-%); 7) l euco-  
cytes; 8) t ime (in days). 

Tissue respiration and reserve a lka l in i ty  remained within normal l imits  in the rats which were given drugs after i r -  

radiation (see table) .  The rabbits which received batyl  alcohol after i r radiat ion exhibi ted a cerebral  and, especial ly ,  
myocard ia l  tissue respiration more intensive than that of the control animals.  

Leucocyte Count, Reserve Alkal ini ty ,  and Oxygen Absorption of Skeletal  Muscle in a Pat Two Months after 
Irradiation and Influence of Batyl Alcohol, Leucogen, and Kaferide on these Indices 

Experirnental conditions 

Irradiation, 800 R 

Irradiation, 800 R + beryl 
alcohol,  leucogen, and 
kaferide 

Control (no irradiation) 

Leucocyte count, per 
3 mm 

2650 

1200-3600 

10580 
9000-11500 

Reserve a lka l in i ty  (in %) 

by volume CO 2) 

41.3 

39.0 -42.8 

48.5 

46.2-50.0 

11700 
9500-17200 

48.2 

36.0 -62.4 

Oxygen absorption per 100 

mg of tissue during 2 h of 
respiration 

21.48 
12.70 -33.50 

43.99 

36.9-47.38 

44.93 
38.61-55.28 

All  the t reated dogs exhibited a considerably smal ler  (by an average of 30-40%) and less prolonged decrease 
in blood-f low rate than the control animals,  in which it reached 20-25 sec as compared with 10-14 see before i r -  
radiat ion.  The complex of drugs employed thus increased the survival rate among the i r radiated animals  and pro-  
moted a mi lder  radiat ion sickness. Tests of leucogen, kaferide, and batyl  a lcohol  on unirradiated animals  showed 
that these drugs not only s t imulate  leucopoiesis,  but also affect the phosphorus, creat ine,  and readi ly separable iron 
contents, reserve alkal ini ty ,  and tissue respiration, i .e . ,  indices closely associated with the basic metabol ic  processes 
disrupted by ionizing radiation. 

We feel  it  necessary to note that beryl alcohol,  which is not a component of any of the known b io logica l ly  a c -  
t ive substances (hormones, enzymes,  or vitamins),  is present in the bone marrow (the nonsaponifiable fraction of the 
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white marrow) and in the l iver.  Abroad it has been obtained from shark livers and is prescribed in leucopenia  and 
anemia  [11-19]. In the Soviet Union i t  has been synthesized by Prof. M. N. Shchukina (Scient i f ic  Research Institute 
of Chemistry and Pharmacy). One constituent of kaferide is calendul in,  which is used as an antiseptic  for t reat ing in -  
f lammations  and promoting the heal ing of wounds [8, 9, 10]. 

In conclusion we may advance the hypothesis that the successful therapeut ic  act ion of the preparations which 
we employed  in t reat ing radiat ion sickness must be at tr ibuted to a considerable extent  to their influence on the or-  
ganism as a whole, rather than to their effect on the individual  processes disrupted by ionizing radiat ion.  

S U M M A R Y  

hmned ia t e ly  after the general  i r radiat ion with 600 R the dogs were given butyl a lcohol  and leucogen in a dose 
of 0.02 g, in 6-7 days kaferide was added in a dose of 0.2 g. Simultaneously for the first 10 days these dogs received 
biomycin in a dose of 100,000 units and the next 10 d a y s - l e v o m y c e t i n  in a dose of 0.25 g. Al l  the preparations 
were administered per os, twice a day: butyl  a lcohol  was given for 1 month, leucogen and kafer ide-- for  2-2.5 months. 
Of the 14 dogs t reated 2 died on the 12th-26th day; of the 15 control a n i m a l s - 1 2  died on the 9th-22nd day. In the 
surviving animals  radiat ion sickness was compara t ive ly  mi ld  without any marked changes in behavior,  temperature ,  
weight and hemopoiesis;  marked,  but not prolonged leucopenia (900-1,300 per cubic ram) was observed only in sev-  
eral  dogs in the absence of comple te  bone marrow deplet ion present in the major i ty  of control  dogs. Postmorten and 
his topathological  examinat ion  of the organs and tissues of the t reated dogs performed 2-4  months after i r radiat ion 
also confirmed the mi ld  course of radiat ion sickness. There were no marked changes in the b iochemica l  blood in-  
dices character is t ic  of acute  radiat ion sickness (peroxide act ivi ty,  total  phosphorus, creat ine,  readi ly  split t ing iron). 
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