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Complex compounds of cobalt  (coamide, Co 3~ and Co35) and i ron (ferrant) acce le ra t e  r e -  
genera t ion of the l i ve r  in ra ts  a f te r  i r rad ia t ion  and par t ia l  hepatectomy.  

P rev ious  invest igat ions by the wr i t e r s  [1-3] showed that ce r ta in  complex compounds of cobalt  and i ron 
s t imula te  regenera t ion  of t i s sues  and organs ,  i nc rea se  the number  of blood cel ls ,  r e s t o r e  normal  blood 
clotting, i nc rea se  pro te in  synthesis ,  and s t imulate  natural  and ar t i f ic ia l  fac tors  of immuni ty  in i r rad ia ted  
and uni r rad ia ted  animals .  

The object  of the p r e sen t  invest igat ion was to study the effect  of complex compounds of cobalt  (co- 
amide,  Co 3~ and Co 35 - c o m p o u n d s  synthesized under the di rect ion of P r o f e s s o r  M. A. Azizov) and i ron 

Fig. 1 Fig. 2 

Fig. 1. Liver in irradiated rats on the 4th day after partial hepatectomy: a) control; b) treated with 
Co 35. Dilated central veins, and hypertrophied trabeculae and liver cells can be seen, 200 • 

Fig. 2. Liver of irradiated, untreated rat on 14th day after partial hepatectomy. Necrosis of the 
parenchyma of the organ can be seen, 200 • 
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Fig. 3. L iver  of an i r r ad ia ted  rat ,  t rea ted  with Co 35, 
on the 30th day af ter  pa r t i a l  hepatectomy.  Rep lace -  
ment  of foci of round-cel l  inf i l t rat ion by young l ive r  
cel ls ,  200 • 

( fe r rant  - a mixture  of i ron with typhoid antigen suggested by P r o f e s s o r  A. I. 
Nikolaev) on regenera t ion  of the l ive r  in animals  with radiat ion s ickness .  

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

Exper iments  were  ca r r i ed  out on 245 male albino ra t s  weighing 150- 
160 g. Of these  animals ,  210 were  subjected to single whole-body i r r a d i a -  
t ion on an RUM-11 x - r a y  therapy apparatus  in a dose of 600 R under  the 
following condit ions:  voltage 180 kV, cu r r en t  10 mA, f i l ter  0.5 cm Cu, dose 
ra te  18.5 R / m i n .  On the day a f te r  i r radia t ion,  hepa tec tomy was p e r f o r m e d  
on the r a t s  by the method of Higgins and Andersen (about 65-70% of its 
weight). The animals  were  divided into 5 groups:  1) control  (70 rats) ;  2) r e -  
ceiving coamide (35 rats);  3) r ece iv ing  Co 3~ (35 animals) ;  4) receiving Co 35 
(35 rats) ;  5) receiving f e r r an t  (35 ra ts) .  

The compounds for  tes t ing  were  injected in t r amuscu la r ly  daily for  
25-30 days a f t e r  the opera t ion as aqueous solutions (coamide and f e r r an t  
l % , C o  35 0.4%, and Co3~ 0.1%) , in a dose of 2-3 mg/kg  body weight. The 
control  ra t s  rece ived  the s ame  volume of physiological  saline by i n t r a m u s -  
cu la r  injection. An additional control  consis ted of 35 hepatec tomized,  un- 
i r r ad i a t ed  ra ts .  On the 2nd, 4th, 7th, 14th, 30th, 45th, and 60th days a f te r  
operat ion,  batches  of 3-5 ra ts  were  decapitated,  the l i ve r  was removed  and 
weighed, and p ieces  of p a r e n c h y m a  were  taken f rom it for  histological  study. 
The t i s sue  was fixed in 12% neutral  formal in .  Celloidin sect ions,  6-8#  in 
thickness ,  were  stained with hematoxyl in -eos in  and by Van Gieson ' s  method. 
Before  the expe r imen t  began, and before  sac r i f i ce  of the ra t s ,  the an imals  
were  weighed and a full blood count taken. Regenera t ion  of the l ive r  was 
studied by de te rmin ing  the t imes  of r e cove ry  of i ts  or iginal  weight, the 
degree  of normal iza t ion  of morphologica l  s t r uc tu r e s  of the organ, and 
mitot ic  act ivi ty  of the hepatocytes .  

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

I r rad ia t ion  produced modera te ly  s eve re  and s eve re  degrees  of r ad i a -  
t ion s ickness  in the ra ts ,  while the opera t ion shor tened the t ime elapsing 
before  i ts  appearance  and aggravated the seve r i ty  of  the d isease .  The m o r -  
ta l i ty  among animals  of the control  group reached 35%, and among those 
t r ea ted  with Co 3~ 12%, eoamide 10%, f e r r an t  9%, and Co 35' 8.6%. On 
the 14th day of i r rad ia t ion  the body weight of the control  r a t s  was lowered 
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TABLE 2. Changes in Mitotic Activity of Liver  Cells in Irradiated 
Rats and Rats Treated with Complex Compounds of Cobalt and Iron 

Experimental conditions 

Control (irradiated rats) . . . .  
Control (unirradiated rats) . . . . . .  
Administration of eoamide 

C o  30 . . . . . . . . . . . . . .  

~ C o  a5 . . . . . . . . . . . . . .  

~ f errant . . . . . . . . . . . . .  

Mean weight of regenerating organ (in g) 
day of experiment 

2-~  

220+5,75 
81• 

128• 1,72 
118__+2,62 
126• 
128• 

4-ff  

70+3,58 
30~2,8 
51~1,43 
48T1,2 
55T-3,2 
47~1,9 

18+2, 1 
15~-0,77 
23~- 1,09 
19+1,27 
23~4,2 
17~1,3 

1 4 - ~  

4~0,8 
8• 

11• 
9+0,81 

14+1,62 
9+__0,77 

on the average by 24-28%, a n d i t r e t u r n e d t e  its initial level on the 45th day. In the group of t reated animals, 
the weight on the 7th day was reduced by 10-12%, and on the 14th day of the experiment it was res tored  com- 
pletely. On the 7th day of irradiat ion,  the leukocyte count in most rats  of the control group was lowered to 
850, returning to its initial level on the 30th day. In the group of t reated animals the leukocyte count fell 
only to 3500, and its r ecove ry  was complete on the 14th day of the experiment. The increase  in mass of 
the par t ia l ly  resec ted  l iver  took place much more  rapidly in the goups of t reated rats  than in the control 
(Table 1). 

It is c lear  f rom Table 1 that by the end of the observations on the i r radia ted control rats ,  the weight 
of the l iver  had not regained its original value. Starting f rom the 2nd month of the experiment,  the weight 
of the l iver  in animals t reated with fe r rant  gradually fell, andby  the e n d o f  the obse.rvati9n it had reached 
its initial level. Meanwhile, in the unirradiated rats  and rats  t reated with Co 3S, the mass of the l iver 
increased progress ive ly ,  while in groups t reated with coamide and Co 3~ no great  fluctuations in weight 
of the l iver  took place during this period. Consequently, in rats  t reated with ferrant ,  the increase  in size 
of the l iver  took place more rapidly, and the t ime required for res tora t ion  of the normal  morphological 
s t ruc ture  of the organ was shortened. 

A study of the histological sections showed that on the 2nd day after  the operation there were no 
differences in l iver s t ruc ture  between the t reated and untreated rats,  apart  f rom differences in the number 
of mitoses,  which were much more  numerous in the experimental  animals than in the control,  i r radia ted 
rats  (Table 2). On the 4th day the s t ruc ture  of the l iver  in the t reated rats  differed sharply f rom that of the 
untreated animals (Fig. 1). In the control rats ,  the t rabecular  s t ruc ture  of the hepatic lobules was disturbed, 
extensive foci of breakdown of the normal  pat tern of the lobules were observed, hepatocytes were d i s t r i -  
buted chaotically, their  cytoplasm was swollen and pale and their nuclei polymorphic,  and small ,  hyper -  
chromic  cells were  predominant.  On the 14th day, foci of hemorrhage  and necrot ic  a reas  of different sizes 
appeared i n t h e  substance of the lobules (Fig. 2). The number of Kupffer cells was reduced. At the height 
of radiation sickness,  signs of destruct ion of the morphological elements of the organ continued to p rogress ,  
and not until the 30th-45th day of the experiment  was a gradual but i r r egu la r  re turn  to normal  begun. How- 
ever,  even on the 60th day after  the operation, eompiete recovery  of the normal  l iver  s t ructure  had not 
taken place in the control  group. 

In the groups of t reated rats ,  throughout the experiment the t rabecular  s t ructure  of the l iver lobules 
was preserved ,  with only slight differences depending on the compounds used. The hepatocytes and their  
nuclei were enlarged. The cytoplasm of the cells was filled with fine basophilic granules,  and vacuolation 
was observed only on the 4th and 7th days of the investigation. The mitotic activity of the l iver  cells was 
considerably higher in the t reated animals, and on the 7th-14th day it was higher than in the unirradiated 
rats .  Observations showed that in i r radia ted and t reated rats ,  the s t ructure  of the l iver  was completely 
res tored  on the 14th-30th day of the experiment.  Foci of lymphoid infiltration in the substance of the paren-  
chyma and of extramedul lary  hematopoiesis ,  observed in the groups of rats  t reated with coamide and Co 35, 
by the 30th day of the experiment  were rep laced  by young hepatocytes with pale cytoplasm and large 
nuclei (Fig. 3). 

Fer rant ,  Co 35, and coamide thus st imulate regenerat ion of the l iver  in rats  with combined radiation 
injuries,  and improve their  general  condition, the state of their  per ipheral  blood, and their  survival  rate. 
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