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Exper imen t s  on CBA x C57BL mice  with expe r imen ta l  hepat i t is  induced by carbon  t e t r a -  
chloride showed that t ransplanta t ion  o~ cel ls  f r o m  lymphoid organs  of healthy donors  s t imu-  
lates r e p a i r  p r o c e s s e s  in the r e c i p i e n t s '  pathological ly changed l iver.  Normal iza t ion  was 
mos t  m a r k e d  in the l iver  of an imals  r ece iv ing  thymus cei ls  only, which sugges ts  that  a defi-  
ciency of these  cel ls  is p r e s e n t  in expe r imen ta l  toxic hepat i t is  and that the thymus plays a 
definite ro le  in r e p a i r  p r o c e s s e s  in the damaged l iver.  
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In the study of the m e c h a n i s m s  of chronic  l iver  damage cons iderable  at tention is paid to autoimmune 
d is turbances  [3, 4, 9]. According to the mos t  r e c e n t  theor ies  put fo rward  to explain the mechan i sm of au to im-  
mune d i so rde r s ,  they a r e  based on an immunodef ic iency  [8] and, in pa r t i cu la r ,  an immunodef ic iency in the T-  
s y s t e m  [6]. Consider ing that these  observa t ions  and also the ro le  of immunologica l  m e c h a n i s m  in the r e g u l a -  
tion of r e p a i r  p r o c e s s e s  in the l iver  [1, 2], i t  was  decided to study the effect  of t ransplanta t ion  of syngeneic 
thymus,  bone m a r r o w ,  and spleen cei ls  on r e p a i r  p r o c e s s e s  in the pathological ly  changed l iver .  

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

Exper imen t s  were  c a r r i e d  out on 52 CBA x C57BL mice  weighing 25-27 g. Exper imen ta l  l iver  damage 
was produced by subcutaneous injection of carbon te t rach ior ide  (0.2 ml  of a 60?0 solution on a l t e rna te  days) for  
2 weeks.  Of the 48 an imals  with expe r imen ta l  toxic hepat i t i s ,  th ree  were  kil led in o rde r  to study the ini t ial  
morphologica l  p ic ture  in the l iver ,  15 were  kept  as cont ro ls ,  and cel ls  f r o m  lymphoid organs  taken f r o m  four 
intact  an imals  by the usual  method [7], using med ium No. 199, we re  t ransp lan ted  into 30 animals .  The r e c i p -  
ients we re  divided into two groups with 15 an imals  in each group. Thymus cel ls  only, in a dose of 2 • 106 
viable cel ls ,  we re  t ransp lan ted  into the f i r s t  group, and 2 x t06 cel ls  f r o m  the thymus,  bone mar row ,  andsp ieen ,  
contained in equal  numbers  in the suspension,  we re  injected into the second group.  The an imals  we re  kil led 
5 and 14 days and 1 month a f te r  t ransplanta t ion.  Control  an imals  with exper imen ta l  hepat i t i s  we re  sac r i f i ced  
at  the s ame  t imes ,  

P ieces  of l iver  we re  fixed in 10% neut ra l  formal in .  Paraff in  sec t ions ,  5 p m  thick,  were  s ta ined with 
h e m a t o x y l i n - e i s o n ,  by Shabadash ' s  method and with c r e s y l  violet ,  and the t e t r azon ium coupling reac t ion  was 
c a r r i e d  out by the method of Danielli  and P e a r s e .  

By means  of an ocular  gr id  for  s t e r e o m e t r i c  m e a s u r e m e n t s ,  with an a r e a  of 0.25 m m  2, the total  number  
of l iver  ce l l s  was  counted in 50 f ields of vision,  and at the same  t ime,  the number  of n o r m a l  hepatocytes  and 
of hepatocytes  with s igns of fat ty  degenera t ion  and eioudy swelling, and the total  number  of hepat ic  nuclei and 
the number  of n o r m a l  and degenera t ing  nuclei ,  were  counted. 

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

In an ima l s  with expe r imen ta l  hepat i t is  the l iver  was pale brown in color with a w e l l - m a r k e d  pa t t e rn  of 
the lobules. Microscopic  examinat ion  r evea l e d  m a r k e d  fatty,  g ranu la r ,  hydropic,  and balloon degenerat ion of 
the hepatocytes  (Fig. 1A), po lymorph i sm of the l iver  cel ls  and their  nuclei,  vacuolat ion of the nuclei,  and pycno-  
s is .  Along the cour se  of the por ta l  t r a c t s  and nea r  the cen t ra l  veins ,  inf i l t ra t ion with lymphocytes  was observed.  
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Fig. i. Liver of CBA • C57BL mice with experimental toxic hepatitis 
immediately (A) and 1 month after (B) end of injections of carbon tetra- 
chloride. 1 and 2) Hydropic and balloon degeneration of hepatocytes re- 
spectively; 3) pycnosis of nuclei; 4) vacuoLation of nucleus. Hematoxy- 
lin-eosin, 600x. 
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Fig. 2. Number of normal and damaged hepatocytes in mice 

with hepat i t is  in ea r ly  s tages  af ter  t ransplanta t ion  of lympho-  
cytes  f r o m  intact  an imals  of the s a m e  line. A, B, and C) Five 
and 14 days and 1 month r e spec t i ve ly  af ter  t ransplantat ion;  D) 
in tact  animals .  1) Hepat i t is  (control); 2) hepa t i t i s+  mix tu re  
of cei ls  f rom lymphoid organs;  3) hepat i t is  + thymus cei ls .  
Black columns r e p r e s e n t  no rma l  hepatocytes;  obliquely 
shaded columns damaged hepatocytes .  

Five days af ter  t ransplanta t ion  of cel ls  f r o m  the lymphoid organs ,  the l ive r  of all  the rec ip ien t s  was 
darker  in color  than that  of the control  an imals  with toxic hepat i t is .  Hepatocytes  with cloudly swelling and 
fat ty  degenera t ion  in the control  group accounted for  96.2 x 13.2% of cel ls ,  but in the expe r imen ta l  groups they 
were  cons iderably  fewer  (Fig. 2: 1). The pe rcen tage  of degenera t ing  nuclei in the r e c i p i e n t s '  l iver  was r e -  
duced: f r o m  27.9 • 2.6 in the control  an imals  with hepat i t is  to 15.4 • 2.3 in an imals  with hepat i t i s  r ece iv ing the  
suspens ion of thymus ce l l s ,  and to 18 • 2.1 in an imals  rece iv ing  a mix tu re  of cel ls  f r o m  lymphoid organs .  Well 
ma rked  cloudy swell ing and fat ty degenera t ion  was seen  mic roscop ica l ly  in the l iver  of both the control  and the 
expe r imen ta l  an imals ,  the glycogen content of the organ was cons iderably  reduced,  and lymphocytes  inf i l t ra ted 
along the course  of i t s  ve s se l s .  

The intensi ty  of degenera t ive  changes in the l iver  of the rec ip ien t s  was reduced  14 days af ter  t r ansp lan ta -  
tion. The pe rcen tage  of n o r m a l  hepatocytes  was cons iderably  inc reased ,  espec ia l ly  in an imals  with t ransplanted  
thymus ce i l s ,  whe reas  the pe rcen tage  of cei ls  with cloudy swelling and fat ty degenerat ion was reduced (Fig. 2B). 
Compared  with the control ,  the pe rcen tage  of degenerat ing nuclei was reduced  by half: 30.1 • 4.2 in the control  
animals with hepatitis, 15.6 • 2 in animals receiving the suspension of thymus ceils and 17 • 2 in animals receiv- 
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Fig. 3. Liver of CBA x C57BL mice with experimentaltoxic 
hepatitis 1 month after transplantation of mixture of cells 
from lymphoid organs (A) and thymus cells only (B). Hema- 
toxyl in-eosin ,  600x. 

ing a mixture of cells from various lymphoid organs. The glycogen content in the Kupffer cells was increased, 
probably in connection with their increased functional activity. 

Practically no pathological changes could be observed in the liver 1 month after transplantation in animals 
with experimental hepatitis receiving the suspension of thymus cells f rom healthy donors (Fig. 3B). The num- 
ber of normal hepatocytes was 92.1 • 11.6% and the number of hepatocytes with cloudy swelling and fatty de- 
generation 8 -~ 1%. The number of degenerating nuclei was 4.7 m0.8%, i.e., almost the same as in intact animals 
(Fig. 2: C3, and D). The liver was dark brown in color. 

The liver of recipients receiving thymus, bone marrow, and spleen cells simultaneously was, however, 
paler. Microscopically, cloudy swelling and fatty degeneration of the hepatocytes was observed (Fig. 3A). 
Compared with the previotts t ime of investigation, at this period the number of normal hepatocytes showed a 
tendency to increase (Fig. 2C), and the percentage of degenerating nuclei was 11.1 + 1.2. 

In control animals with toxic hepatitis marked hydropic degeneration of the hepatocytes with vacuolation 
of the nuclei were observed (Fig. 1B) and there were many hepatocytes with features of cloudy swelling, fatty 
degeneration, and degenerating nuclei (83.2 • 9.7 and 26.8 + 2.7% respectively).  

Transplantation of cells from lymphoid organs of healthy donors into animals with experimental toxic 
hepatitis thus considerably stimulated repair  processes  in the damaged liver. The most marked normalizing 
effect was observed in recipients receiving thymus'cells only. This suggests that in exper imen~l  hepatitis 
there is a deficiency of thymoeytes, and that the thymus plays a similar role in repair  processes  in the liver. 
The less marked normalizing effect observed in animals receiving a mixture of thymus, bone marrow, and 
spleen cells is probably attributable to the smaller number of thymus cells in the transplanted suspension. 
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M I T O T I C  A C T I V I T Y  O F  L Y M P H O C Y T E S  IN T H E  T H Y M U S  

C O R T E X  D U R I N G  H Y P O K I N E S I A  A N D  R E A D A P T A T I O N  

G. V. Kharlova and S. E. Li UDC 612.438-06 ; 612.766.2 

Changes in the weight and mitotic index in the thymus cortex of Wistar rats were studied 
during hypokinesia for i0 days followed by recovery for the same period. The mitotic index 
was reduced by half, 24 h after immobilization of the animals. During readaptation a stage of 
secondary stress (when the mitotic index was reduced by 71%) was followed by a stage of true 
readaptation after i0 days. 

KEY WORDS: hypokinesia; mitotic activity; thymocytes; readaptation. 

Exposure to s t r e s s o r s  leads to involution of lymphoid organs [3, 4, 7]. Atropic changes have been ob- 
se rved  in the lymphoid organs of mice  [6] and r a t s  [5] during immobil izat ion.  The object  of the p resen t  inves t i -  
gation was to study s t r e s s  changes during hypokinesia and r e c o v e r y  of the thymus af ter  immobil izat ion of the 
animals ended. 

Attention was concentra ted on the cel lu lar  mechanisms of s t r e s s ,  as re f l ec ted  in the mitotic activity of 
cor t ica l  lymphocytes.  

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

Wistar rats weighing 130-160 g were used. Hypokinesia was induced by placing the animal in a closely 
fitting transparent plastic mold, the lid and one wall of which were movable. The mold was so designed that 
all movements of the animal except of its head were prevented. Immobilization continued for 12 h and 2, 8, 
and i0 days. After immobilization for i0 days the animals were allowed out into a general cage. The animals 
were tested 6, 12, and 18 h and 2, 8, and i0 days after the beginning of recovery. They were killed in the 
mornings, 5 to 8 rats at each time. In histological section cells and mitoses were counted in the cortex of the 
thymus (the zone located 2-3 fields of vision away from the capsule). The mitotic index (MI) was expressed in 

promille. 

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

After  the animals had been secured  in the molds,  the weight of the thymus fel l  v e ry  quickly (Fig. 1), by 
60% of its init ial  value on the 10th day. 

A s ta t is t ica l ly  significant i nc rease  in MI of the cor t ica l  lymphocytes  (19.1~ control  (13.1~ was observed.  
However,  compar i son  of the phases of mitos is  in the exper imenta l  and control  groups showed that the inc rease  

Insti tute of Human Morphology, Academy o2 Medical Sciences of the USSR, Moscow. Institute of Marine 
Biology, Vladivostok. (Presented  by Academician of the Academy of Medical Sciences of the USSR A. P. Avtsyn.) 
Trans la ted  f rom Byulleten'  l~ksperimental 'noi Biologii i Meditsiny, Vol. 88, No. 10, pp. 480-482, October,  1979. 
Original a r t ic le  submit ted March 5, 1979. 

1208 0007-4888/79/8810-1208 $07.50 �9 1980 Pleaum Publishing Corporat ion 


