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The durat ion of that  per iod of postnata l  ontogenesis  of r a t s  was deter 'mined during wt~ich the panc reas  
r ema ins  capable  of morphogene t ic  p r o c e s s e s .  The panc reas  was investig'ated 3, 5, 14, 22, 40, and 75 days 
a f t e r  bir th .  New acini a r e  fo rmed  in la rge  numbers  during the f i r s t  3-4 weeks a f t e r  bir th.  L a t e r  dur ing  
growth of the an imal  the aeini  inc reased  in s ize .  Mitotic ac t iv i ty  of the ae ina r  cel ls  falls  s h a r p l y  with age.  

Few s tudies  have been made of the postnata l  developmen t of internal  o rgans  of v e r t e b r a t e s .  This  is 
p a r t i c u l a r l y  t rue of the m a m m a l i a n  p a n c r e a s  [4-8, 12-15]. Neve r the l e s s ,  a s .we  [10] and o t h e r  inves t iga tors  
[9] have pointed out p rev ious ly ,  the c h a r a c t e r  of postnata l  ontoL~mnesis of o rgans  plays  an impor tan t  role 
in the outcome of r egene ra t ive  p r o c e s s e s  obse rved  in the internal  org-an a f t e r  su rg ica l  operation~ The 
length of the per iod  in postnata l  ontogenesis  during which the organ  r e m a i n s  capable  of p r o c e s s e s  of internal  
m o r p h o g e n e s i s ,  i .e . ,  of the development  of new ana tomica l  and physiological  units (acini, e tc . ) ,  ts p a r t i -  
cu l a r ly  impor tan t .  Maintenance of morphogene t i c  abi l i ty  for  a long per iod  in postnata l  ontogenesis  fac i l i ta tes  
the mani fes ta t ion  of such p r o c e s s e s  during regenera t ion  of o rgans  a f t e r  ex tens ive  resec t ions  [1, 11]. F rom 
what has  been said above,  the need for  detai led invest igat ions to s tudy the c h a r a c t e r  of post tmtal  deve lop-  
ment  of v e r t e b r a t e  in ternal  org'ans will be apparen t .  

In the p r e s e n t  invest igat ion changes taking place in the panc reas  of albino ra t s  during postnata l  deve -  
lopment  were  studied. Attention was concent ra ted  on  changes in weight of the organ,  mi to t ic  ac t iv i ty  of its 
ce l l s ,  and the degree  of mani fes ta t ion  of morphogene t ic  p r o c e s s e s  in the gland (the fo rmat ion  of new aeini 
and of i s le t s  of Langerhans) .  

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

The p a n c r e a s  was inves t igated in ra t s  3, 7, 14, 22, 40, and 75 days a f t e r  bir th.  At each per iod  of in- 
ves t iga t ion  4 o r  5 an ima l s  were  sac r i f i ced  by decapi ta t ion  (alxxvtys a t  10-11 a .m. ) .  The body weight was 
de te rmined .  Af te r  au topsy  on the an ima l s ,  the group of org:ms in contact  with the p a n c r e a s  (spleen, s t o -  
mach ,  loops of duodenum) ~x-~s r e m o v e d  and fixed along with the panc rea s  in Ca rnoy ' s  fluid. Af t e r  f ixation 
the topography of the gland becomes  c l e a r e r ,  and it can then be d:,ssected m o r e  ea s i l y  f rom the o the r  organs  
and t i s sues .  The fixed glands were  weighed on tors ion  sca les  and embedded in paraf f in  wax, and sec t ions  
were  cut to a th ickness  of 7 g .  Some sec t ions  were  stained with hematoxy l in -eos in  for  generaI  s u r v e y  p u r -  
poses  a n d c o u n t i n g m i t o s e s ,  while o thers  were  impreg~a ted  by G o m o r i ' s  method to de te rmine  the boundar ies  
of the i s le ts  of Langerhans  and inidividual acini .  Mitotic ac t iv i ty  x~s  de te rmined  by counting mi toses  in 
3000 ac ina r  ce l l s  f rom r a t s  aged 3 and 7 days ,  and in 16,000 ce i l s  f rom ra t s  of the o ther  age groups .  The 
mi to t ic  index x~ts e x p r e s s e d  in p romi l l e .  

The d imens ions  of the acini and is le ts  were  de te rmined  f rom drawings  made under the m i c r o s c o p e  
using a drawing appa ra tus .  F o r  each an imal  100 acini were  drawn f rom one sec t ion  pass ing  through the 
middle  of the gland (magnification 350 x). Next,  al l  the is le ts  of L~mgerhans in the s a m e  sectim~ were  then 
drawn (magl~ification 130 x}. The a r e a  occupied by imlividual acini or  i s le t s  was de te rmined  by the m e t h -  
od desc r ibed  p rev ious ly  [2] and e x p r e s s e d  in square  mic rons .  
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Fig. 1. Changes in s t ruc ture  of the pancreas  during postnatal 
ontogenesis of ra ts .  Structure of gland in animals  aged 7 (a) 
and 21 (b) days.  Acini smal l ,  cells in them compact ly  ar ranged.  
Abundant connective t issue in o r ~ n .  In rats  aged 40 (c) and 
75 (d) days,  is lets  and acini visibly enlarged; dimensions of 
cells a lso  increased.  Impregnated by Gomor i ' s  method. 200x.  

TABLE 1, Changes in Certain Indices Charac ter iz ing  
Postnatal  G r o ~ h  of Pancreas  in Albino Rats 

Age (in 
days 

3 
7 

14 
2 .2  

4 0  
7 5  

o "~ (is rag) 

5 3 1 0 " =  3 3 )  
7 613•  

18 610 •  703 
2Z 269_ ~ l 359 

la~) 0})_~6 535 
179 0 : ) ]~  12 '2-?2 

Mean data 

weight of mitotic in- 
gland (in dex ( in %) 
rngi 

|8• 1,2 13.4+-9-,5 
3 5 2 2 . 8  5 .3•176 
63-'- .  8 ,1  6 , 9 •  

15S+-8,6 1,5_+ 0,35 
503+- 53, I 0.9_3+- 0,07 
812• 0,114-0,04 

d~mengom 
of one acinus 
(in ,a 9 , . 

42)• 
418• 10.9 
5.)3• 
522 • 35. ! 
999 +_ 37.5 
938_. + Iz3.5 

E X P E R I M E N T A L  RESULTS 

Soon after birth (3-7 days) the rat pancreas consists of individual small and relative|y compact 

clusters of acinar and islet tissue scattered among the well developed connective-tissue of the organ. As 

growth of the islet and acim%r portions of the gland proceeds, the connective-tissue spaces between the 

clusters becomes smaller. The epithelial cells in individual acini and islets are more loosely arranged 

than on the f i r s t  days af ter  bir th,  they become juicy and they gradual ly  accumulate  secre t ion ('Fig. 1). 

The weight of the gland inc reases  fa i r ly  rapidly from the f i rs t  days afber birth, For  example,  its 
weight inc reases  by more  than 8 t imes  between the 3rd and 22nd days af ter  birth (Table 1). La te r ,  a f ter  
the 40th day, the rate  of inc rease  in weight of the organ slows down a little. The rapid increase in weight 
of the pancreas  in the f i rs t  3 weeks of postnatal onto~m3nesis is due to the high level of prol i fera t ive  act ivi ty  
of its cells  (Table 1). The level of mitotic act ivi ty of the ac ina r  cells is highest on the 3cd day af ter  birth. 
It s tays  constant  for  the next 10-12 days,  and then falls sharp ly  until the 3rd week af ter  birth of the animal ,  
so  that 40 days a f te r  birth the mitot ic  act ivi ty  is low. Mitoses are  found in ceils of the islets of Langerhans  
a lso .  
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TABLE 2 .  Chan~c inConten t  of I s l c t T i s s u e  Relat ive toAcin[  in 
P a n c r e a s  of AIMno Rats at Var ious  Sta~:;es of Postnatal  Onto~encsis 

Mean a r ea  of 
Mean a r ea  of Ratio between is let  . 

Age islet  t issue p e r  
(in days) sect ion of gland and ae ina r  t i ssue  

sect ion (in p2; (in percent)  (ing2; 13 x) 130 x) 

7 
14 
22 
40 
75 

5, 2 6 1 , 8 6 2  
7, 190, 418 
6, 976, 184 

17, 214, 148 
1 9 , 4 7 6 , 0 3 4  

86, 506 
81,326 
45 ,326  
68 ,376  
52, 059 

1.71 
1.18 
0.73 
0.39 
0.26 

The weight of the gland i n c r e a s e s  f a i r ly  rapidly  f rom the f i r s t  days a f t e r  birth.  Fo r  example ,  its 
weight i n c r e a s e s  by m o r e  than 8 t imes  between the 3rd and 22nd days a f t e r  b i r th  (Table 1). La t e r ,  a f t e r  
the 40th day, the ra te  of i nc r ea s e  in 'weight  of the organ s lows down a little. The rapid i nc rea se  in weight 
of the p a n c r e a s  in the f i r s t  3 weeks of postnata l  ontogenesis  is duc to the high level of p ro l i f e ra t ive  ac t iv i ty  
of its cel ls  (Table 1). T h e  level  of mi to t ic  ac t iv i ty  of the ac ina r  cel ls  is highest on the 3rd day a f t e r  bir th .  
It  s t ays  constant  for  the next 10-12 days ,  and then falls sha rp ly  until the 3rd week a f t e r  b i r th  Of the an imal ,  
so  that 40 days a f t e r  b i r th  the mi to t ic  ac t iv i ty  is low. Mitoses  a r e  found in cel ls  of the is le ts  of Langerhans  
a lso .  

I t  m a y  be concluded f rom the r e su l t s  desc r ibed  above that the per iod  of high mi to t ic  ac t iv i ty  of a c in a r  
ce l l s  in the ra t  p a n c r e a s  occupies  the f i r s t  3-4 weeks a f t e r  bir th .  By the 5th-6th week a f t e r  b i r th  mi to t ic  
ac t iv i ty  fails  sha rp ly .  Accord ing  to data in the l i t e r a tu r e ,  subsequent  postnatal  growth of the panc rea s  is 
due tO a combinat ion  of p ro l i f e ra t ion  and en l a rgemen t  of the cel ls .  Enlarg~nent is accompanied  by an in-  
c r e a s e  in ploidy of the nuclei [3]. 

The intensi ty  of morphogene t ic  p r o c e s s e s  in the panc reas  at  var ious  s tages  of postnatal  ontogenesis  
was judged f rom changes in the rat io  between the inc rease  in weight of the organs  and the d imensions  of its 
ana tomo-phys io log ica I  units (acini and is le ts) .  As Table 1 shows,  despite  the fact  that thc weight of the 
p a n c r e a s  i nc rea sed  by m o r e  than 8 t imes  f rom the 3rd to the 22nd day a f t e r  b i r th  of the r a t s ,  there  was 
li t t le change in the s ize  of individual acini .  In ra t s  aged 3 dab's, for  instance,  the mean  a r e a  of one acinus 
was 420 p2, c o m p a r e d  with 522/12 in r a t s  aged 22 days (P=0.07}. 

The r e su l t s  show that during this t ime in terval  cons iderable  morphogenet ic  ac t iv i ty  was p r e sen t ,  i .e. ,  
new acini  were  f o r m e d  in the gland. The inc rease  in s ize  of the acini ,a'as slight.  

Still m e r e  dem ons t r a t i ve  evidence of the fo rmat ion  of new acini in the gland is g-~ven by the fact  that 
the re la t ive  content  of is le t  t i ssue fal ls  s ignif icant ly  f rom the 7th to the 22nd d a y a f } e r  b i r th  (Table 2). 

F u r t h e r  i nc r ea s e  in weight of the panc reas  (40th and 75th days a f t e r  birth) is accompan ied  by cons ide r -  
able e n l a r g e m e n t  of individual acini .  The mean a r e a  of one achms  in ra ts  aged 40 days is a l m o s t  twice its 
a r e a  in an ima l s  aged 22 days (999 and 522/~2, respec t ive ly ;  Table  1). Between the 40th and 75th dab's a f t e r  
b i r th  the poss ib i l i ty  is not ruled out that a second wave of format ion  of new aei~i in the gland may  occur ,  
because  the i r  d imens ions  change only a l i t t le during this per iod.  Never the les s ,  the weight of the organ in-  
c r e a s e s  s i g n i f i c a n t l y - f r o m  500 to 812 rag. 

The re la t ive  content of is le t  t i ssue  continues to fall p r o g r e s s i v e l y  with an inc rease  in age of the an i -  
m a l s  (Table 2). I t  should be r e m e m b e r e d ,  however ,  that this dec rease  re la t ive  to the content of isle~ t i s sue  
in the o rgans  dur ing growth does not mean  tlmt its absolute  amount  becomes  s m a l l e r .  On the con t r a ry ,  
with age the individual i s le ts  of Langerhans  grow l a rge r ,  and at the same t ime there is  the poss ib i l i ty  that 
new i s le t s  a r e  f o r m e d  [15]. 

The r e su l t s  de sc r ibed  above show that postnatal  development  of the panc reas  in albino r a t s  is a c -  
companied  by an i nc rea se  in weight of the organ,  cons iderable  mitot ic  ac t iv i ty  of  its ce l l s  ( reacMng a m a x i -  
mum in the f i r s t  5-6  weeks a f t e r  bir th) ,  and by morphog~metic p r o c e s s e s .  These  morphogene t ic  p r o c e s s e s  
in the gland (the fornmt ion  of new acini) a r e  mos t  ma rked  in the f i r s t  three weeks a f t e r  bir th.  The pos s ib i -  
l i ty  of morphogunet ic  reac t ions  at  l a t e r  s tages  of postnatal  growth of the org-an a l so  is not ruled out, aN 
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though their intensity is much lower. Art increase in size of individual acini is a more character is t ic  feature 
of tlu2 later  stages of postnatal ontogenesis of the :'at pancreas (40-75 days after  birth). 

The ratio of the quantity o[ islet  tissue to the quantity of acinar tissue falls with age, 
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