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Regenera t ion  of the l i ve r  a f t e r  r e sec t i on  in t r i ton  l a rvae  takes place  by r egene ra t ion  hype r t rophy  
through mi to t ic  division of l i ve r  cel ls  with no i nc r ea se  in the i r  s ize .  The shape of the t i ve r  is not r e s t o r e d ,  
but i ts  weight comes  c lose  to that  of the control .  

The s tudy of the r e g e n e r a t i v e  power  of the l a r v a l  l i ve r  of the t r i ton  is impor tan t  in connection with d i s -  
cove ry  of the ontogenetic  and phylogenetic p r inc ip les  governing r egene ra t ion  p r o c e s s e s .  The method of r e -  
genera t ion  of the l i ve r  in caudate amphibians  has  for  a long t ime r ema ined  a m a t t e r  for  d i scuss ion  [1]. 

The poss ib i l i ty  of adequate r egene ra t i on  of the l ive r ,  with r e s to r a t i on  of its shape and the dynamics  
of r egene ra t ion  of the t r i ton  l i ve r  depending on the volume of t i s sue  r e m o v e d  were  studied in the p r e s e n t  
invest igat ion.  

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

L a r v a e  of the c r e s t e d  t r i ton  (Tr i turus  c r i s ta tus)  between s tages  50 and 60 of development  (Gluecksohn) 
we re  used in the expe r imen t s .  In the expe r imen t s  of s e r i e s  I the m a m i l l a r y  p r o c e s s  of the l iver ,  about 10% 
of the total  l i ve r  t i ssue ,  was r e s e c t e d .  The opera t ions  were  ca r r i ed  out without anes thes ia .  The an imals  
were  sac r i f i ced  a f t e r  5, 14, 25, and 60 days.  In the expe r imen t s  of s e r i e s  H the lef t  l a t e ra l  p a r t  of the o r -  
gan (30% of its total  mass} was r e s e c t e d .  The an imals  were  sac r i f i ced  5, 10, 15, and 21 days a f t e r  o p e r a -  
tion. The l i v e r  was r e s e c t e d  by br inging it through a t r a n s v e r s e  incision (3-ram) on the ven t ra l  a spec t  a 
l i t t le  p o s t e r i o r l y  to the f o r e l i m b s .  After  r e s e c t i o n  the l i ve r  was r e s t o r e d  to its or iginal  posi t ion and no 
su tu res  were  inse r ted .  Af ter  the opera t ion  the l a rvae  were  kept for  1-2 h in a r e f r i g e r a t o r ,  improv ing  
the i r  chances  of su rv iva l .  The l ive r  was weighed, its outline drawn, and fixed in Carnoy ' s  fluid. Pa ra f f in  

Fig.  1. L ive r  of t r i ton l a rvae .  F i r s t  f r o m  the left:  l iver  of in-  
tac t  t r i ton,  next th ree :  l i ve r  of expe r imen ta l  an imals  one month 
a f t e r  r e s e c t i o n  of dis ta l  por t ion  of the organ.  
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TABLE 1. Dynamics  of Changes in L i v e r  Weight of Tr i ton  L a r v a e  Af ter  Resec t ion  of 10% of L ive r  
T i s sue  

Time a f te r  
opera t ion  
(in days) 

7 
14 
25 

Expe r imen t  

No. of 

animals 

weight of r e s i -  
dual p a r t  of 
l i ve r  (in rag) 

21.6 
18.2 
37.7 

re la t ive  
weight  of 
l i ve r  (in % 
of body wt.) 

2.33 
2.48 
3.86 

NO. of 

animals 

14 
9 
4 

Control 

weight 
of l ive r  
(in mg) 

r e l a t ive  
Weight of 
l i ve r  (in % 
of body wt.) 

3.28 
3.32 
4.09 

Rela t ive  weight of l ive r  
in expe r imen t  as a p e r -  
centage of r e l a t ive  
weight of control  l ive r  

71 
74.6 
95 

TABLE 2. 

T ime a f t e r  
opera t ion  
(in days) 

5 
10 
15 
21 

Dynamics  of Changes in L i v e r  Weight a f t e r  Resec t ion  of 30% of L i v e r  T issue  

Expe r imen t  Control  

weight  of r e s i -  i 
dual p a r t  of 
l i ve r  (in mg) 

9.4 
16.7 
22.3 
35.5 

r e l a t ive  
weight of 
l i ve r  (in % 
of body wt.) 

2.42 
2.72 
3.29 
3.80 

No. of 
an imals  

11 
12 
12 

8 

No. of 
an imals  

r e l a t ive  
weight b weight of 
of l iver  l ive r  (in % 

(in mg) of body wt.l 

13.3 2.84 

17.3 2.86 
27.1 3.63 
39.5 4.42 

Relat ive  weight of l i ve r  
in expe r imen t  as a p e r -  
centage of re la t ive  
weight of control  l ive r  

85.2 

95.4 
90.6 
86.0 

sec t ions  7/~ in th ickness  we re  s ta ined with hematoxy l in -eos in .  The mi to t ic  index was de te rmined  by count-  
ing the number  of m i t o s e s  in 3000 ce l l s .  At 7 a .m.  on the day of sac r i f i ce  the expe r imen ta l  and control  
t r i tons  r ece ived  an in t raper i tonea l  inject ion of 0.05 ml  0.004% colchicine solution through the musc le  at  the 
b a s e  of the tai l .  The an ima l s  were  sac r i f i ced  at 11 a .m.  According to data in the l i t e r a tu re ,  mi to t ic  a c t i -  
v i ty  of the l ive r  cel ls  in the r egene ra t i ng  l i ve r  is much  higher  in the morn ing  than in the evening [2]. To 
s tudy the d imensions  of the l i ve r  cel ls ,  the i r  outl ines were  t r aced  f r o m  his to logical  sect ions  under  the 
m i c r o s c o p e  (360 x) by m e a n s  of the RA-5 drawing appara tus  on squared  paper .  In each case  100 cells  were  
drawn.  The outlined ce i l s  on the p a p e r  were  cut out and weighed on VT to r s ion  s c a l e s .  The i r  a r e a  was then 
calcula ted .  

EXPERIMENTAL RESULTS 

The macroscopic investigations showed the formation of adhesions after 7-14 days in the region of 
t r a u m a ,  p ro l i f e ra t ion  of blood v e s s e l s ,  and accumula t ion  of sma l l  granules  of b lack  p igment .  In the control  
s e r i e s  the l i ve r  was b r igh t  b rown in co lor .  After  25 days its color  r ema ined  unchanged. Af ter  2 months the 
l i ve r  of the expe r imen ta l  and control  t r i tons was pale  g ray  in color  and it  contained equal amounts  of p ig -  
men t .  In no case  did the l i ve r  r e c o v e r  its or ig ina l  shape (Fig. 1). Data for  changes in the weight of the 
r e s idua l  l ive r  at va r ious  pe r iods  a f t e r  r e sec t i on  of 10% of i ts  m a s s  a r e  given in Table 1. 

As Table 1 shows, the weight of the r egene ra t ing  l i ve r  in the expe r imen ta l  an imals  was c lose  to the 
weight  of the control  l ive r  25 days a f t e r  opera t ion .  Consequently, one month a f te r  r e sec t i on  of 10% of the 
l i ve r  t i s sue  it was a l m os t  comple te ly  r e s t o r e d  through hyper t rophy  of the r ema in ing  p a r t  of the organ.  

In the expe r imen t s  of s e r i e s  H the or ig ina l  shape  of the organ  was l ikewise neve r  r e s t o r e d .  The 
changes were  s i m i l a r  to those obs e rved  in the expe r imen t s  of s e r i e s  I, i .e. ,  the weight of the res idua l  o rgan  
was inc reased ,  but within a s h o r t e r  t ime (Table 2) .  

As Table  2 shows,  the weight  of the l i v e r  in the expe r imen ta l  s e r i e s  was a lmos t  up to the control  l eve l  
a f t e r  10 days.  However ,  no fu r t he r  r e c o v e r y  took p lace  l a te r .  The p robab le  r e a s o n  for  this was m e t a m o r -  
phosis  (triton l a r vae  began to change into adult f o r m s ) ,  and this p r e s u m a b l y  was a lso  r e f l ec ted  in the r a t e s  
of r egenera t ion .  
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TABLE 3. Mitotic Index (in %) in L ive r  Cells After  R e -  
s e c t i o n  of 10 and 30% of the Mass of the Organ 

Control 
Expt. 
P 

Resection of 10% of liver [ Resection of 30% of liver 
Time after operation (in dogs) 

7 91 

0,43 
1,06 
0,0001 

14 25 

4,99 0,45 
2,58 0,41 
0,11 0,7 

I 
5 I0 I 15 

17 0,4110,13 3,4 1,16 1,61 
0,21 0,04 0,09 

1,26 
1,91 
0,08 

TABLE 4. Dimensions  of L ive r  
Cells (in m m  2) in Expe r imen ta l  
and Control  Ser ies  a t  Var ious  
T imes  of Inves t iga t ion  After  
Resec t ion  of 30% of L i v e r  Mass  

Time after Control operation Expt, P 
(in day~) 

5 ] 87,0 
21 182,4 

81,3 
172,4 

0,929 
0,7 

To de t e rmine  the leve l  of p ro l i f e r a t ive  act ivi ty  of the l ive r  cel ls  
in the intact  l iver ,  the mi to t ic  index (MI) in the l ive r  was compared  in 
control  t r i tons  of two groups:  r ece iv ing  and not r ece iv ing  colchicine 
(fixation at 11 a .m. ) .  These  expe r imen t s  showed that m i to se s  a re  in 
fac t  p r e s e n t  in the intact  l ive r  of t r i ton  l a rvae  (MI= 0.16~ and they 
a r e  r evea l ed  m o r e  c l ea r ly  in an imals  rece iv ing  colchichine (MI= 
1.26%0; P= 0.00s). 

Invest igat ion of MI in the r egene ra t ing  l ive r  a f t e r  r e m o v a l  of 
10% of the organ  yielded the r e su l t s  given in Table 3. 

In the expe r imen ta l  s e r i e s  the value of MI a f t e r  7 days was 
240% higher  than in the control .  These  r e su l t s  a r e  in a g r e e m e n t  with 
those obtained on adult t r i tons .  After  25 days the mi to t ic  act ivi ty  of 

the l i ve r  ce l l s  was the s a m e  in the expe r imen ta l  and control  an imals  (P = 0.7}. After  r e sec t i on  of 30% of the 
l i ve r  m a s s  (Table 3) an i nc r ea s e  in ]VII was o b s e r v e d  at all  per iods  of the invest igat ion,  and its value had 
not fa l len by  the 21st day a f t e r  r e sec t i on  of the l iver .  

As a ru le  m i t o s e s  we re  obs e rved  in the l ive r  cel ls  at  the p e r i p h e r y  of the o rgan  n e a r e r  to the cor t ica l  
l aye r ,  in which intensive division of hematopo ie t i c  cel ls  was obse rved  at all  t imes  of the invest igat ion.  As 
well  as hepa tocy tes ,  the re t i cu lo-endothe l ia l  Kupffer  cel ls  divided no l e s s  ac t ively .  Somet imes  b inuc lea r  and 
mul t inuc lea r  l i ve r  cel ls  we re  obse rved ,  the l a t t e r  p robab ly  the r e su l t  of incomplete  a m i t o s i s .  The c o m p a r a -  
t ive s i zes  of the l i ve r  cel ls  in the expe r imen ta l  and control  s e r i e s  a f t e r  r e sec t i on  of 30% of the l i ve r  m a s s  
r e m a i n e d  p r ac t i c a l l y  unchanged in the e a r l y  and late per iods  a f t e r  operat ion,  although the t rue  d imensions  
of the cei ls  i nc rea sed  with growth of the an imal  (Table 4). 

Regenera t ion  of the l i ve r  in l a rvae  of T r i tu rus  cris tak~s thus evidently takes  p lace  main ly  through 
mi to t ic  divis ion of l i ve r  ce l l s .  

Af te r  r e s e c t i o n  of the l i ve r  in l a r v a e  of this animal ,  r egene ra t ion  of the organ  thus takes p lace  by 
r egene ra t i on  hyper t rophy ,  without r e s t o r a t i o n  of  the or ig ina l  shape of the organ,  and accompanied  by a c o m -  
p e n s a t o r y  growth of its r e s idua l  pa r t .  The speed  of r e c o v e r y  is d i rec t ly  dependent on the volume of t i s sue  
r emoved .  Regenera t ion  of the l i ve r  is l a rge ly  due to s t imulat ion of mi to t ic  divis ion of the l i ve r  cel ls .  
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