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In parabiotical ly joined CBA mice,  regenerat ion of the pancreas  was more  intensive than 
in single mice.  The increase  was more  marked still in the ear ly  periods of parabiotic union 
of CBA mice and (CBA • C57BL/6J) F1 hybrids.  However, after  a cer tain t ime destructive 
and inflammatory changes developed and the animals died. 

Investigations have shown that the pancreas  possesses  low powers of regenerat ion,  and that its main 
mechanism of r ecovery  is regenerat ion hypertrophy [4, 7-9]. 

The object of the present  investigation was to d iscover  ways of stimulating the regenera t ive  powers 
of the pancreas .  

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

Three ser ies  of experiments  were ca r r i ed  out on mice joined by celomic parabiosis  in s t r ic t ly  con- 
trolled genetic sys tems.  At the moment  of union, the splenic par t  of the pancreas  (about 40% of the total 
tissue) was resec ted  f rom one par tner .  At each time of observation 5-7 pairs  of mice were used in the ex- 
perimental  and control ser ies .  

Series A consisted of parabiosis  between syngeneic CBA mice in which the pancreas  of one par tner  
was resec ted .  Series B consisted of parabiosis  between CBA mice and (CBA x C57BL/6J) Fl hybrids in 
which the pancreas  of the CBA par tner  was resec ted .  Series C consisted of the same parabiosis ,  but with 
resect ion of the pancreas  f rom the F1 hybrid. Under the conditions of syngeneic parabiosos  (Series A) 
tissue incompatibility is known not to ar ise .  In parabiosis  between nonsyngeneic mice (ser ies  B and C), 
an immunological react ion developed between the par tners  as a resul t  of their  unilateral  incompatibility. 

The following controls  were used: 1) single mice with resect ion of the pancreas ,  2) parabiotic pairs  
of mice without resect ion of the pancreas ,  and 3) single mice of the same age without resec t ion  of the pan- 
c reas .  Allowing for the diurnal rhythm of mitotic activity [3, 5], the animals were sacrif iced during the 
morning after starvation for 24 h. Material was fixed in 10% formalin and Carnoy ' s  and Bouin 's  fluids. 
Paraffin sections,  5 p in thickness,  were stained with hematoxyl in-eosin and by Gomor i ' s  method. The 
degree of regenerat ion of the pancreas  was est imated f rom its weight, morphology, mitotic activity (mi- 
toses were counted in 20,000-25,000 acinar and 5000 islet cells),  the a rea  of the acini, and the change in 

number of binuclear  cel ls .  

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

In the case of synge neic parabiosis ,  the weight of the regenera ted  pancre as was considerably re stored, 
whereas  in the control single mice no such recovery  was observed (Table 1). The increase in size of the 
r e sec ted  gland was more  marked still in the case of parabiosis  between nonsyngeneic mice if the pancreas  
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Fig. 1. Mitotic activity of pancreat ic  acinar  cells  
in parabiotic mice after part ial  resect ion of the 
pancreas :  A) syngeneic parabiosis;  ]5) nonsyn- 
geneic parabiosis ,  resect ion of the panerease f rom 
the CBA partner;  C) nonsyngeneic parabiosis ,  r e -  
section of the pancrease  f rom the (CBAx C 5 7 B L /  

6J) F1 hybrid par tner .  1) Resected pancreas  of the 
partner;  la) intact pancreas  of one par tner  after  
resec t ion  of the pancreas  of the other par tner ;  2) 
resec ted  pancreas  f rom a single CBA mouse; 3) 
intact pancreas  f rom a single F 1 mouse; 4) intact 
pancreas  of CDA partner;  4a) intact pancreas  of FI 
hybrid par tner .  Abscissa ,  days after operation; 
ordinate,  number of mi toses  (in %) 

of the hybrid was resec ted .  The resec ted  pancreas  of the CBA par tner  
was not enlarged so considerably under these conditions. Meanwhile, 
destruct ive and inf lammatory changes were found in the pancreas  of the 
hybrids,  just as Polyak et al. [6] observed in cer tain internal organs 
during parabiosis .  

Consequently, the resul ts  show that parabiosis  st imulates regen-  
erat ion of the pancreas .  In all se r ies  of experiments,  the weight of the 
pancreas  in the intact par tner  was g rea t e r  than in the control,  e s p e -  
cially in  ser ies  B, in which the hybrid remained intact. 

The mitotic activity of the acinax cel ls  of the residual  par t  of the 
gland was g rea t e r  in all se r ies  than in the control after  resec t ion  of the 
pancreas  f rom single mice,  and reached its maximum on the 6th-Tth 
day after  the operation (Fig. 1). The mitotic index in the resected  pan- 
c reas  under nonsyngeneic parabiotic conditions was significantly higher 
than under syngeneic conditions (P < 0.01). In the intact par tner  the 
mitotic activity in the acinar cells  was considerably increased,  espe-  
cially in the case of nonsyngeneic parabiosis .  An increase  in mitotic 
activity in cer tain organs of the intact parabiotic par tner  has been ob- 
served previously [1, 11, 14]. 

Unlike in the par tner  with the resec ted  pancreas ,  in the intact 
par tners  mitotic activity reached a maximum on the 3rd-5th day, i.e., 
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Mi to t i c  a c t i v i t y  of p a n c r e a t i c  i s l e t  c e l l s  in p a r a -  
biotic mouse partners after resection of the pancreas. 
Legend as in Fig. I. 

Fig. 3. Number of binuelear acinar cells in the pancreas 
of parabiotic mouse partners after resection of the organ. 
Abscissa, days after operation; ordinate, number of bi- 
n u c l e a r  c e i l s  (in %}. 

soon a f t e r  union.  These  r e s u l t s  a r e  in a g r e e m e n t  with A l o v ' s  o b s e r v a t i o n s  [2]. In s y n g e n e i c  p a r a b i o s i s  
m i t o t i c  a c t i v i t y  in the in t ac t  p a r t n e r  w a s  s h a r p l y  r e d u c e d ,  w h e r e a s  in nonsyngene i c  p a r a b i o s i s  the d e c r e a s e  
took p l ace  s lowly .  The r e a s o n  was  p r o b a b l y  the g r a d u a l l y  i n c r e a s i n g  d e s t r u c t i o n  of the p a n c r e a s ,  l e ad ing  
to the a p p e a r a n c e  of p r o d u c t s  which,  a c c o r d i n g  to some  a u t h o r i t i e s  [10, 12, 13], s t i m u l a t e  g rowth  p r o c e s s e s .  

r h e  s tudy of the s t a t e  of the i s l e t  c e l l s  showed tha t  p a r a b i o s i s  a l so  s t i m u l a t e s  r e g e n e r a t i o n  of th i s  
p a r t  of the p a n c r e a s .  The m i t o t i c  a c t i v i t y  of the i s l e t  c e l l s  u n d e r  p a r a b i o t i c  cond i t i ons  wi thout  r e s e c t i o n  
of the p a n c r e a s  and on the 3 r d - 6 t h  day  of the e x p e r i m e n t  was  h i g h e r  than  in the r e s e c t e d  p a n c r e a s  of the 
s ing le  m o u s e .  Consequen t ly ,  p a r a b i o t i c  u n i o n  of the m i c e  i t s e l f  c o n s i d e r a b l y  s t i m u l a t e d  p r o l i f e r a t i o n  of the 
i s l e t  c e i l s .  R e s e c t i o n  of the  p a n c r e a s ,  unde r  t h e s e  cond i t i ons ,  l ed  to a m o r e  m a r k e d  i n c r e a s e  in m i t o t i c  
a c t i v i t y  both in the r e s e c t e d  o r g a n  and in the p a n c r e a s  of the in tac t  p a r t n e r .  At the s a m e  t i m e ,  n o n s y n g e -  
ne ic  p a r a b i o s i s  w a s  o b s e r v e d  to have a m o r e  m a r k e d  s t i m u l a t i n g  e f f ec t  on p r o l i f e r a t i v e  a c t i v i t y  than syn-- 
g e n e i c ,  in which m i t o t i c  a c t i v i t y  was  i n c r e a s e d  only du r ing  the f i r s t  d a y s  of the e x p e r i m e n t .  

In a l l  the s e r i e s  of e x p e r i m e n t s  the a r e a  of the ac in i  was  i n c r e a s e d  in the  r e s i d u a l  p a r t  of the pan-  
c r e a s ,  but  the d y n a m i c s  of t h i s  i n c r e a s e  d i f f e r e d .  In s y n g e n e i c  p a r a b i o s i s ,  j u s t  a s  in the con t ro l ,  the a r e a  
of the ac in i  i n c r e a s e d  g r a d u a l l y  un t i l  the 17th-20th day ,  a f t e r  which it showed a t endency  to d e c r e a s e .  In 
nonsyngene i c  p a r a b i o s i s ,  th i s  p r o c e s s  fo l lowed  a m o r e  r a p i d  c o u r s e ,  and by  the 6th-10th day  the a r e a  of the 
ac in i  was  g r e a t e r  than  in the s y n g e n e i c  p a r t n e r s  (P < 0.2 and P < 0.01).  By the end of the p e r i o d  of o b s e r -  
va t ion ,  the a r e a  of the ac in i  showed a s m a l l e r  i n c r e a s e  a f t e r  r e s e c t i o n  of the p a n c r e a s  in the CBA p a r t n e r  
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in nonsyngeneic parabiosis, for it was indistinguishable from the control, whereas in syngeneic pa~abiosis, 
and in nonsyngeneic parabiosis when the pancreas in the hybrid partner was resected, the area of the acini 
was significantly greater than in the control (P < 0.05 and P < 0.01). In the intact partners some increase 
in area of the acini was observed both in the experimental and in the control series, although a significant 
increase in size of the acini compared with the control was observed only after resection of the pancreas 
in the hybrid partner (P = 0.02). 

A significant increase in the number of binuelear cells in response to resection of the pancreas was 
discovered (Fig. 3) both in the experimental series and in the first control, while their number was also 
appreciably affected by the immunological conditions. In nonsyngeneic parabiosis, for instance, they were 
more numerous than in syngeneic (P < 0.01). Comparison of series B and C showed a larger number of 
binuclear cells in series B (P < 0.01), i.e., after resection of the pancreas in the CBA partner. The 
smaller increase in their number in the resected pancreas of the hybrid (series C) is evidently due to the 
parent's immunological reaction against the hybrid. The increase in number of binuclear cells in the in- 
tact partner was significant only in the case of nonsyngeneie parabiosis (P < 0.01). 

Regeneration of the pancreas in syngeneic and nonsyngeneic parabiosis thus followed a different 
course. In the first case most of the indices studied were lower, although still higher than the control 
values. The weight of the pancreas was restored, which did not occur in the control. The reason for the 
high indices was probably the state of stress produced by paxabiosis. 

In nonsyngeneic parabiosis (series B and C) most of the indices studied were definitely higher in the 
resected organ than in series A and in the control. Allowing for the fact that this occurred in both series, 
it can be concluded that, as well as immunological factors, destructive processes in the pancreas leading 

to the appearance of protein products stimulating proliferative activity may also have been responsible for 
these results. This factor of destruction could also account for the higher mitotic index in the second con- 
trol in the nonsyngeneic pa r tne r s  than in the syngeneic.  

LITERA]?URE CITED 

I .  I.A. Alov, Dokl. Akad~ Nauk SSSR, 111, No. 1, 190 (1956). 
2. I.A. Alov, Outlines of the Physiology of Mitotic Cell Division [in Russian], Moscow (1964), p. 236. 
3. G.N. Voronin, in: Mechanisms of Nervous and Humoral Regulation of Physiological Processes 

[in Russian], Leningrad (1966), p. 26. 
4. L.D. Liozner, A. G. Babaeva, and V~ F. Sidorova, Byull. I~ksperim. Biol. i Med., No. 10, 96 (1965). 
5~ I.V. Markelova, Tsitologiya, No. 3, 318 (1967). 
6. A . I .  Polyak, E. P. Zakharchenko,  and E. S. Gulyantsev,  in: Mechanisms  of some Pathological  P r o -  

c e s se s  [in Russian],  Rostov-on-Don (1967), p. 42. 
7. S.S.  Raits ina,  L. M. Farut ina,  and V. M. Kash in t seva ,  Arkb. Anat., No. 10, 43 (1965). 
8. G . G .  Samsonidze,  Byull. l~ksperim. Biol. i Med., No. 3, 81 (1969). 
9. G . V .  Segida, Byull. }~ksperim. Biol. i Med., No. 11, 88 (1962), 

10o G . D .  Tumanishvi l i ,  Some P rob lems  in Regulation of the Growth of Animal Tissues  [in Russian],  
Tbi l is i  (1965). 

11. N . L .  Bucher ,  I. F. Scott, and I. C. Aub, Cancer  Res. ,  11_, 457 (1951). 
12. A. Laht ihar ju ,  Acta Path. Microbiol .  Scand., Suppl. 150, 99 (1961). 
13. A. Laht ihar ju  and H. Tei r ,  Exp. Cell Res. ,  54_._, 205 (1964). 
14.  H. Wrba,  H. Rabes,  and G. Alber ,  Exp. Ceil.  Res. ,  46___, 263 (1967). 

1205 


