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P R O L I F E R A T I O N  O F  T H E  E X O C R I N E  A N D  E N D O C R I N E  P O R T I O N S  

O F  T H E  P A N C R E A S  A F T E R  I T S  R E S E C T I O N  

V.  P .  K r a s n o v  UDC 616.37-089.87-092.9-07:616.37-003.93-07 

Af te r  r e s e c t i o n  of the panc rea s  (about 40% of the weight of the organ) in (CBA • C57BL/6) 
hybr id  mice  weighing 20-28 g of the r e g e n e r a t i v e  abi l i ty of the organ was found to be weak. 
Af te r  21 days  of the e x p e r i m e n t  no  apprec iab le  r e c o v e r y  of the weight of the organ had 
taken place .  An inc rea se  in p ro l i f e r a t i ve  act ivi ty  (the number  of mi toses  and the diurnal  
f r ac t ion  of cel ls  labeled with [3H]thymidine were  counted) was t r ans ien t  in c h a r a c t e r  and 
did not extend to all the organ.  The g r e a t e s t  number  of labeled nuclei in the epi thel ium 
of the acini  and i s le t s  was found in the region n e a r  to the s i te  of injury,  where  the t i s sue  
of the o rgan  was a l i t t le  edematous .  In a r e a s  not f a r  f r o m  the wound su r f ace  but r e m a i n -  
ing unchanged the num ber  of labeled ce l l s  was  inc reased  only in the ea r ly  per iod  a f t e r  the 
operat ion.  In regions  of the organ  r e m o t e  f r o m  the s i te  of injury (the duodenal loop) the 
number  of labeled ce l l s  in the i s le t s  and acini was  the s a m e  as in the control .  The number  
of labeled ce i l s  in the i s le ts  was g r e a t e r  than in the acini.  

KEY WORDS: mouse  panc reas ;  i s le ts  and acini; prol i fera t ion;  autoradiography.  

P ro l i f e r a t i ve  p r o c e s s e s  in the panc rea s  a f t e r  r e sec t ion  of the organ have  been inadequately studied. 
Most invest igat ions have been conducted on r a t s  and the i r  object  has been to study pro l i fe ra t ion  only of the 
exocr ine  p a r t  of the o rgan  [1, 4, 7, 10, 12, 14]. Only in i so la ted  invest igat ions,  a lso  conducted on ra t s ,  has 
the impor tan t  ro le  of p ro l i f e r a t i ve  p r o c e s s e s  in the panc rea t i c  is le ts  been demons t ra t ed  [8, 13]. A few o ther  
invest igat ions in this f ield made use  of [3H]thymidine [5, 6], but unfortunately they did not take into account 
the diurnal  rhy thm of cell  division.  The dependence of p ro l i f e r a t ive  act ivi ty of the t i s sue  of the gland r e m a i n -  
ing a f t e r  r e sec t ion  on i ts  r e m o t e n e s s  f r o m  the s i te  of injury has  v i r tua l ly  not been studied. 

The object  of this invest igat ion was to make  a m o r e  detai led study of the p ro l i f e ra t ive  activity of the 
epithel ium of i s le t s  and acini of the panc reas  a f t e r  r e sec t ion  of the organ.  The daily f rac t ion  of cel ls  taking 
p a r t  in p ro l i f e ra t ion  was de te rmined .  The index of labeled and dividing cel ls  was calcula ted in th ree  zones of 
the panc rea s  located at d i f ferent  d is tances  f r o m  the s i te  of t r auma .  

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

Exper imen t s  we re  c a r r i e d  out on hybr id  (CBA • C57BL/6) ma le  mice  with a mean  weight of 20 and28 g. 
About 40% of the t i s sue  of the panc reas  was r emoved  in the exper imenta l  an imals .  Intact mice  se rved  as the 
control .  The an imals  we re  decapi ta ted at 10 a .m.  on the 3rd, 4th, 5th, 7th, 16th, and 21st days a f t e r  the o p e ra -  
tion, 6-8 an imals  at  each t ime.  All the an imals  were  given in t raper i toneal  injections of [3H]thymidine f ive 
t imes  in the c o u r s e  of the 24-h per iod  (at noon, 5 and 10 p .m. ,  and 5 and 8 a.m.)  in a dose  of 0.25 pC i /g  body 
weight. The specif ic  act iv i ty  of the isotope was 1.4 C i / m m o l e .  The panc reas  was fixed in Bouin's  fluid. P a r a f -  
fin sect ions  4 ~ thick were  cut. The sec t ions  were  coated with type M (NIKFI) emuls ion and exposed for  45 
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Fig. i 

Fig. 1. P a n c r e a s  on thi rd  day a f t e r  operat ion.  
b) f i r s t  zone. He re  and in Figs .  2 and 3: hematoxyl ineos in ,  200• 

Fig.  2a. P a n c r e a s  on 21st  day a f t e r  opera t ion.  F i r s t  zone. 2b) Panc rea s  on thi rd  day a f t e r  
opera t ion.  Second zone. 

TABLE 1. Index (in %) of Labe led  Ae ina r  and Insular  Nuclei in Th ree  Zones of the P a n .  
c r e a s  at Different  T imes  a f t e r  Opera t ion  on Mice Weighing 20 g (M �9 m) 

Time after operation, days 
Group of Zone of [ l 
animals pancreas a 4 7 ~ t 

Fig. 2 

a) Zoae of sharp ly  defined r eac t i ve  changes;  

Experimental 

Control 

Experimental 

Control 

First 
Second. 
Third 

First 
Second 
Third 

8,54=!_'-0.33 
3,78-1-0.88 
1,28• 
1,51 m_0,21 

Islets 
5,16+0,39 
1,8t--~0,40 
1,17.+~0,06 
1,51 .._0,21 

2,61.4-0,46 
0,C8 0,09 
0,95!-0,19 
1,43+__0,31 

Aclni 

0,6e--1-0,07 [ 2,72-.',.-0,77 1 2,87+0,51 
0,48___+.0,18 1 .(34 -+-0,34 0,58 ___0,13 
o,36_+oao o,4~+o, io o28+oAo 
0,48-4-0,14 0,48~0,14 0,31 -']--0,06 

1,65+0,05 
0,92§ i 2 
1,24+0,tl 
1,15 0,19 

1.42~0,20 
0,2c~0,05 
0,57 0,28 
0,33 ~_0, ! l 

days at  - 4~  The au toradiographs  were  s ta ined with M e y e r ' s  hematoxyl in  and eosin.  The number  of labeled 
nuclei in the expe r imen ta l  m ice  was counted in th ree  zones of the gland sepa ra te ly .  Al together  between 5000 
and 12,000 nuclei of the aeini and between 1500 and 2000 nuclei of the i s le t  epi thel ium w e r e  examined in each 
case .  Nuclei above which t he r e  w e r e  at  l ea s t  four  g ra ins  of reduced s i l ve r  we re  r ega rded  as labeled.  V i r -  
tual ly no background was p r e sen t  on these  p repa ra t ions .  Bes ides  labeled nuclei, the number  of mi toses  in the 
i s le ts  and acini  a lso  was counted. T h e n u m e r i c a l  r e su l t s  we re  subjected to s ta t i s t i ca l  ana lys is  by the F i s h e r -  
Student method.  
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E X P E R I M E N T A L  R E S U L T S  

The invest igat ions revea led  weak r e g e n e r a t i v e  abil i ty of the panc reas .  After  21 days of the exper imen t  
no apprec iab le  r e s t o r a t i o n  of the weight  of the o rgan  had taken place.  Severa l  o ther  w o r k e r s  l ikewise  found 
no apprec iab le  r e s t o r a t i o n  of the weight of the  panc rea s  a f t e r  extens ive  r e sec t ions  [9-11]. 

The p a r t  of the panc rea s  adjacent  to the zone of sharp ly  defined r eac t i ve  changes,  but p r e s e r v i n g  a 
no rma l  his tological  s t r u c t u r  e , was taken as the f i r s t  zone. The zone of sharp ly  defined r eac t ive  changes is 
i l lus t ra ted  in Fig. l a .  In the ea r ly  per iod a f t e r  the opera t ion  the acini and lobules of the gland in the f i r s t  
zone appea red  to be  s epa ra t ed  because  o f  edema of the in te r lobu la r  and in t ra lobular  connect ive t i s sue  (Fig. lb) .  
The acini and ac ina r  cel ls  p r e s e r v e d  the i r  typical  his tological  s t ruc tu re .  Pycnotic  nuclei were  r a r e .  On the 
21st  day a f t e r  the operat ion the ac in i  and lobules of the panc rea s  no longer  had the appearance  of discontinuity 
as on the third day a f t e r  the opera t ion  {Fig. 2a). In some  places ,  however ,  discontinuity of the acini was ob- 
se rved ,  evidently on account  of p ro l i f e ra t ion  of connect ive t i ssue .  In this zone the number  of smal l  cel ls  in 
the acini and i s le t s  was i nc rea sed  c o m p a r e d  with the intact control  at  nea r ly  all t imes  a f t e r  the operat ion.  
It  will be c l e a r  f r o m  Table  i that  the index of labeled nuclei in the i s le t s  was inc reased  the m o s t  on the th i rd  
day a f t e r  the opera t ion  (control  1.51 + 0.21%, exper iment  8.54 • 0.33%; P < 0.001). It then fell  sharp ly  and on 
the 21st  day a f t e r  the opera t ion  it  was only 1.4 t imes  g r e a t e r  than the control .  The index of labeled nuclei in 
the acini i nc reased  r a t h e r  l a t e r  than in the i s le t s ,  to reach  a m a x i m u m  on the 7th day a f t e r  the operat ion (con- 
t ro l  0.31 ~0.06%, expe r imen t  2.78 • 0.51%; P < 0.001). The number  of labeled ce l l s  on the 21st day a f t e r  the 
opera t ion  a lso  was st i l l  i nc r ea sed  a l m os t  fourfold.  

The region jus t  beyond the f i r s t  zone re la t ive  to the s i te  of injury was taken as the second zone. It a lso  
p r e s e r v e d  i ts  normal  his tological  s t r u c t u r e  (Fig. 2b). The acini  and lobules in this region of the gland were  
c lose ly  packed together .  In this zone the number  of labeled cel ls  in the is le ts  was inc reased  on the third day 
a f t e r  the operat ion.  A smal l  i n c r e a s e  in the index of labeled nuclei  was obse rved  in the acini only on the fourth 
day a f t e r  the operat ion.  

In the th i rd  zone, the region fu r the s t  f r o m  the s i te  of t r a u m a  (the duodenal loop), the number  of labeled 
cel ls  in the i s le ts  and acini  was v i r tua l ly  the s a m e  as in the control .  

In the o lder  mice  (weight 28 g) the s a m e  pa t t e rn  was found in the dis t r ibut ion of labeled cel ls  between 
the zones of the gland. However,  the p ro l i f e r a t i ve  reac t ion  was weaker  than in the younger  animals ,  espec ia l ly  
in the epi thel ium of the acini.  In the f i r s t  zone, fo r  instance,  5 days a f t e r  the opera t ion the number  of labeled 
ce l l s  in the i s le ts  was 0.85 • in the control  and 5.55 • 1.80 in the exper iment  (P = 0.021). The c o r r e s p o n d -  
ing f igures  fo r  the second zone were :  in the control  0.85 �9 0.10, in the exper imen t  1.96 • 0.42 (P = 0.025). In 
the third zone the number  of labeled cel ls  did not d i f fe r  s ignif icant ly  f rom the control  values .  

It was noted that  the number  of labeled cel ls  in the is le ts  of the mice  of the two age  groups  was g r e a t e r  
than in the acini.  This  finding a g r e e s  with the r e su l t s  of the w r i t e r s '  p rev ious  investigation,  in which cel l  
p ro l i f e ra t ion  was studied in the intact  p a n c r e a s  [3]. Cor re la t ion  was obse rved  between the dynamics  of the 
mitot ic  coeff icient  and the  index of labeled nuclei  in the young and aging mice ,  i .e. ,  DNA synthes is  was ev i -  
dently d i rec ted  toward p r e p a r a t i o n  fo r  mi tos i s  and not polyploidization. 

The p ro l i f e r a t i ve  act ivi ty  of the panc rea t i c  i s le ts  and acini in mice  is thus signif icantly changed a f t e r  
pa r t i a l  r e sec t i on  of the organ.  This  depends not only on the t ime  elapsing a f t e r  the operat ion,  but a lso  on the 
d is tance  of the reg ion  of the  gland f r o m  the s i te  of t r a u m a .  

Inc reased  p ro l i f e r a t i ve  act ivi ty  c lose  to the wound su r face  in morphologica l ly  changed pancrea t i c  t i s sue  
has a lso  been obse rved  by o ther  w o r k e r s  who have studied r egenera t ion  of the p a n c r e a s  [1, 2, 5, 6]. However,  
the absence  of a p ro l i f e r a t ive  reac t ion  in reg ions  of the o rgan  r e m o t e  f r o m  the s i te  of t r a u m a  has been r epor t ed  
only f o r  the acini in a p a p e r  by Zelenina  [2], who used hybrid  mice  fo r  he r  invest igat ions,  as in the p r e sen t  
s e r i e s .  
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C H A R A C T E R I S T I C S  OF T H E  E S T R O G E N  R E C E P T O R  

S Y S T E M  OF T H E  G U I N E A  P I G  U T E R U S  

N. D. F a n c h e n k o ,  L .  S. M i n i n a ,  R. N. S h c h e d r i n a ,  
S. V. S t u r c h a k ,  and  K. K. P i v n i t s k i i  

UDC 612.627.8:612.621.31 

The physicochemical parameters  of e s t r ad io l - r ecep to r  (E 2-R) interaction in the cytosol of 
guinea pig uterus (the velocity constants of association and dissocation, the half-life of the 
E 2 - R  complex, the change in f ree  binding energy) were studied and the content of receptors 
in the cell calculated. With different degrees of approximation to a state of equilibrium, 
for  most steroids the percentage of affinity for  the test system remained unchanged, indi- 
cating that equilibrium had been reached in these cases. The affinity of the steroids for the 
R system analyzed was determined by integrity of the 3-  and 17 fl-hydroxyl groups and by the 
somewhat g rea te r  importance of  the third phenolic hydroxyl group of the steroid molecule, 

KEY WORDS: uterus; s t e r o i d - r e c e p t o r  interaction; specificity; estrogens. 

This investigation is a continuation of a study of the e s t r ad io l - r ecep to r  (E~-R) system of the guinea 
pig uterus started previously [1]. 

Kinetic and thermodynamic parameters  and also the specificity of interaction of a number of steroids 
with the receptor  system of the uterus were studied. 

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

Uteri of sexually immature guinea pigs weighing 140-200 g were removed and treated by the usual method 
[1] with dilution of the tissue with buffer 1:10 for  homogenization. The cytosol was kept at -30~ The residue 
was used for DNA determination [3]. 2,4,6,7-Estradiol-17fl-3H (E2-17fl'3H) (specific activity 100 Ci/mmole, 
Amersham) and unlabeled compounds, whose names are  given in Table 1, were used in the experiments, The 
velocity constants of dissocation (k- 1) and association {k+i) and the half-life of the complex (T1/2) were de ter -  
mined by the usual methods [8]. To determine the equilibrium association constant (Kas) of estradiol with the 
isolated system the principle of saturation analysis was used [4]. The range of concentrations of labeled e s -  
tradiol was 0.05-0.75 pM. The f ree  and bound fractions were separated by means of a suspension of charcoal 
(0.25% suspension in buffer containing 0.1% gelatin). To allow for nonspecific binding, a hundred-fold excess 
of unlabeled estradiol was used [5]. Kas and the concentrations of binding sites were calculated by Scatchard's 
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