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T h e  E f f e c t  o f  E s t r o g e n  a n d  C a s t r a t i o n  o n  a S p o n t a n e o u s  P a n c r e a t i c  I s l e t  C h a n g e  i n  R a t s  

A high incidence of spon taneous  a l tera t ions  of the  pan-  
creat ic  islets in m a t u r e  and  old Sprague-Dawley  male  
rats,  consis t ing of int ra- insular ,  occasionally per i - insular  
fibrosis, and  en la rgemen t  has  been  repor ted  by  us pre-  
viously 1. Func t iona l  s tudies  have  revealed a decrease in 
glucose to lerance  in these  ra t s  as compa red  to  animals  of 
the  same age ~. The  islet change  has  been  cons idered  to  be 
the  resul t  of a failure of a c o m p e n s a t o r y  mechan i sm to 
cer ta in  metabol ic  requ i rements .  Since only  male  an imals  
have  shown th is  islet a l t e ra t ion  i t  seemed to  be i m p o r t a n t  
to  inves t iga te  if the re  was  a ho rmona l  basis for th is  
r emarkab le  sex difference and  par t icu lar  emphas is  was  
placed on  the  possible  p ro tec t ive  role of estrogens.  

Method. 230 Sprague-Dawley,  Charles R iver  D, male  
ra ts  of 20 weeks of age were inves t iga ted .  Group 1 was 
t r ea t ed  wi th  s.c. in ject ions  of 0.5 mg/kg  con juga ted  equine 
estrogen,  P remar in |  3 t imes  weekly t h r o u g h o u t  t he  
exper iment .  Group 2 was  ca s t r a t ed  pr ior  to  the  experi-  
m e n t  and  group 3 served as control .  The body  weights  of 
t he  an imals  were recorded  weekly.  Groups  of ra t s  were  
sacrificed (Table I) a t  30, 40 and  50 weeks of age. The 
pancreas  was r em oved  and  processed for h is topathologica l  
examina t ion  (Bouin 's  f ixat ive,  haematoxy l ine -eos ine  
staining).  Special  granule s ta in  for selected slides was 
also per formed.  The incidence of islet change  was es tab-  
l ished according to  the  cr i ter ia  descr ibed previous ly  2. 
F r o m  animals  sacrif iced a t  50 weeks of age, the  p i t u i t a ry  
gland, adrenals  and  thy ro id  were  also removed,  weighed 
and processed for h i s topa thologica l  examina t ion .  

Results. The  resul ts  summar i zed  in Table  I show t h a t  
the  contro l  animals  a t  30 weeks  of age a l ready had  a 33~o 
incidence of islet fibrosis and  en largement .  This pe rcen t -  
age rose to  51% by  40 weeks of age and remained  c o n s t an t  
un t i l  the  end of the  expe r imen t .  

The es t rogen t r e a t ed  animals  showed an incidence of 
13~o af ter  10 weeks of t r e a t m e n t .  By  20 weeks of t r ea t -  
m e n t  t he  incidence was 17% and  i t  r emained  at  th is  level 
unt i l  t he  end of the  e x p e r i m e n t  (30 weeks of t r e a tmen t ) .  
All these  values were s ignif icant ly  d i f ferent  f rom controls .  
(10, 20 and  30 weeks of t r e a t m e n t  cor respond  to  30, 40 
and 50 weeks of age, respect ively.)  

The incidence ra te  in the  cas t r a t ed  animals  was  be- 
tween  the  contro l  and  es t rogen t r ea t ed  groups:  22, 43, 
36~o a t  the  age of 30, 40 and  50 weeks,  respect ively.  
These figures were no t  s ignif icant ly  d i f ferent  f rom con- 
trois. 

Compared  to  t h a t  of controls  t he  b o d y  weight  gain was  
s ignif icant ly  lower in t he  es t rogen t r ea ted  group th rough-  
out  t he  exper iment .  I t  was also s ignif icant ly  lower in the  
cas t r a t ed  animals  a t  40 and  50 weeks of age (Table II) .  

There  was no difference in thyro id  weigh t  be tween  
groups  b u t  the  adrena l  and  p i tu i t a ry  weights  were signifi- 

c a n t l y  higher  in the  es t rogen t r ea t ed  and  cas t r a t ed  
animals  (Table I I I ) .  

Discussion. Our expe r imen t  has  d e m o n s t r a t e d  t h a t  
es t rogen t r e a t m e n t ,  beginning  at  20 weeks of age, marked ly  
influences t he  deve lopmen t  of the  spon t aneous  pancrea t ic  
islet change  occurr ing in our  ma t u r e  and  old Sprague-  
Dawley  male  ra ts .  A s ignif icant ly  lower incidence of islet 
change  was n o t e d  in the  es t rogen t r ea t ed  group th rough-  
out  the  exper iment .  The effect  of cas t ra t ion  was m u c h  
less a p p a r e n t  since only a s l ight  r educ t ion  in the  incidence 
was not iced  in th is  group. 

Our e x p e r i m e n t  also showed t h a t  es t rogen t rea ted  and  
cas t r a t ed  ra ts  gained less in body  we igh t  t h a n  controls .  
Fu r the rmore ,  i t  was  no ted  t h a t  t he  p i tu i t a ry  glands and  
adrenals  were larger in es t rogen t r e a t ed  and cas t r a t ed  
animals  t h a n  in controls.  

1 A. HAJDU and G. RONA, Diabetes 76, 108 (1967). 
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Table I. Incidence of pancreatic islet change in different groups of 
rats 

Group Age (weeks) 
30 40 
Incidence/No. of rats (%) 

50 

Control 10/30 (33) 15/29 (51) 12/24 (50) 
Estrogen treated 4/30 (13) a 4/23 (17) a 4]23 (17) a 
Castrated 6/28 (22) 9121 (43) 8/22 (36) 

a Significantly (X2-test) different from controls. 

Table III. Organ weights of different groups of rats a 

Group Organ weight (mg) i S.E. 

Pituitary Adrenals Thyroid 

Controls 14.6 -4- 0.37 50.1 -f- 1.33 21.6 4. 0.57 
Estrogen treated 16.2 =k 0.55 b 58.4 4. 1.75 b 20.8 i 0.69 
Castrated 20.4 -4- 0.64 b 55.6 4- 1.88 b 22.4 4. 1.12 

a Data refers to groups sacrificed at 50 weeks of age. b Significantly 
different from controls. 

Table II. Body weights and weight gains in different groups of rats 

Group Body weight (g) A Weight (g) 4- S.E. 

I a IIb III c I II IlI 

Control 481; 524 486; 615 491; 634 43 4. 8.9 129 4-10.2 143 • 10.0 

Estrogen treated 524; 526 546; 557 550; 577 2 -1- 4,4 d 11 4- 8.7 d 27 -4- 7.5 d 

Castrated 493; 553 498; 581 506; 611 60 -t- 4.8 83 4- 7.1 d 105 4- 11.9 d 

a-r Refers to mean body weights at start (20 weeks) and termination, a 30 weeks, b 40 weeks, c 50 weeks of experiment, a Significantly different 
from controls. 
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Our  resul t s  are  in  a g r e e m e n t  w i th  those  of t{OUSSAY 3, 
FOGLIA, SCHUSTER and  RODRIGUEZ 4, LEWIS, FOGLIA and  
RODRIGUEZ ~i, and  RODRIGUEZ 6. These  au t ho r s  d e m o n -  
s t r a t e d  t h a t  t he  inc idence  of d iabe tes  in  t he  ra t ,  p roduced  
b y  s u b t o t a l  p a n c r e a t e c t o l n y  is m u c h  h ighe r  in males  t h a n  
in females.  T h e y  also r epo r t ed  t h a t  es t rogens  confer red  
m a r k e d  p r o t e c t i v e  effect  in  t he i r  d i abe t i c  an imals ,  whi le  
c a s t r a t i o n  of male  r a t s  on ly  s l ight ly  r educed  t he  incidence.  

I t  has  been  theor ized  t h a t  the  p r o t e c t i v e  effect  of 
es t rogens  could be  e i the r  the  resu l t  of a l t e red  food in take ,  
a d i rec t  effect  on  the  islets, an  ac t ion  m e d i a t e d  t h r o u g h  
t he  p i t u i t a r y  g land  a n d  adrena l s  or an  ind i rec t  effect  on 
t he  pe r iphe ra l  c a r b o h y d r a t e  me tabo l i sm.  HoussAV and  
co-workers  cr i t ica l ly  e x a m i n e d  the  role of these  factors3,6 
and  b y  forced and  pa i red  feeding ru led  ou t  a p r inc ipa l  
role of a l t e red  food in take .  I t  was also shown  b y  adrena l -  
e c t o m y  t h a t  th i s  g land  does no t  p l ay  a n  essent ia l  role. 
F u r t h e r m o r e ,  no  s t r i c t  co r re la t ion  was  found  b e tween  
p r o t e c t i v e  ac t ion  and  p i t u i t a r y  en l a rgemen t .  A l t h o u g h  
t he  role of t he  pe r iphe ra l  c a r b o h y d r a t e  m e t a b o l i s m  has  
n o t  been  clarif ied fully, HoussAY a n d  RODRIGUEZ con- 
c luded  t h a t  t he  p r o t e c t i o n  is chiefly due  to d i rec t  effect  
on t he  islets. W h e t h e r  in our  e x p e r i m e n t  t he  lower inci- 
dence  of islet  change  in the  course of es t rogen  t r e a t m e n t  
is due  to  a cor rec t ion  of ce r t a in  a b n o r m a l  me tabo l i c  
cond i t ions  in m a t u r e  and  old male  r a t s  or a d i rec t  effect  
on  t he  p a n c r e a t i c  islets or  b o t h  r e m a i n s  to  be  seen. 
A l t h o u g h  in our  p rev ious  work  no cor re la t ion  was found  
b e t w e e n  i n f l a m m a t o r y  ( immunolog ica l? )  changes  (insu- 
litis, per i- insul i t is)  and  islet  fibrosis, a suppress ive  ac t ion  
of es t rogen  on these  processes  c a n n o t  be  ruled ou t  7,8. 

Zusammen/assung.  Die bei  a l t e r n d e n  m~Lnnlichen 
S p r a g u e - D a w l e y - R a t t e n  a u f t r e t e n d e  s p o n t a n e  F ibrose  
u n d  V e r g r 6 s s e r u n g  der  L a n g e r h a n s s c h e n  Inse ln  k a n n  
d u t c h  eine im Al te r  yon  20 \Vochen  e ingele i te te  r  
b e h a n d l u n g  v e r h i n d e r t  werden.  Diese S c h u t z w i r k u n g  der  
0 s t r o g e n e  k a n n  A u s d r u c k  eines d i r e k t e n  Einf lusses  auf  
die Inse ln  oder  eines i n d i r e k t e n  Einf lusses  d u r c h  den  
pe r iphe ren  K o h l e h y d r a t s t o f f w e c h s e l  sein. E ine  Kas t r a -  
t i on  v e r m o c h t e  diese V e r ~ n d e r u n g e n  an  den  Inse ln  n u r  
wenig  zu ve rh inde rn .  
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Fractionnement des protfines bact6riennes par 61ectrophorbse en gel d'acrylamide-agarose 

Nous  nous  sommes  proposals de f r a c t i onne r  pa r  61ec- 
t rophor~se  en gel d ' a c ry l amide -aga rose  les pro t6 ines  endo-  
cel lulaires lib6r6es pa r  d6s in t6gra t ion  sonique  de d ivers  
bacil les G r a m  n~gatifs.  

Maldriel et mdthode. 15 souches  bac t6 r i ennes  appa r t e -  
n a n t  aux  espgces s u i v a n t e s :  Escherichia coli, Proteus vul- 
garis, Serratia, Pseudomonas aeruginosa, A lcaligenes deni- 
tri/icans, sont  cul t iv6es  5. la t e m p 6 r a t u r e  de 37~ dans  
u n  mil ieu ~ base  de p e p t o n e  p a n c r 6 a t i q u e  de cas6ine et  
d ' e x t r a i t  de v i a n d e  (Difco). 

Les bact6r ies  son t  recueil l ies soft aprbs  18 h de cul ture ,  
soft au  cours  d ' u n e  phase  d6finie de la c ro i s sance l :  phase  
exponent ie l le ,  phase  m a x i m u n l  s t a t ionna i re .  

L ' e x t r a c t i o n  des prot~ines  bac t6 r i ennes  s 'e f fectue  en  
t a m p o n  Tris-glycine p H  8,7 5~ l ' a ide  d ' u n  i n s o n a t e u r  Soni- 
fier S 125. L '61ectrophorbse en  gel d ' a c r y l a m i d e - a g a r o s e  
est  r6alis6e selon la m 6 t h o d e  d'URIEL ~ avec  les moda l i t6s  
s u i v a n t e s :  t a m p o n  d i scon t inu  Tris-glycine p H  8,7; dif- 
f6rence de po ten t i e l  6,7 V / c m ;  t races  de noi r  amide  dans  
le r6servoir  p o u r  contr61er la l ongueur  de m i g r a t i o n ;  
dur6e d '61ectrophorSse : 30 ra in  5~ 4 h 30 ; f ixa t ion  et  colo- 
r a t i o n  des pro t6 ines  pa r  le noi r  amide  en so lu t ion  ac6- 
t ique .  

Rdsultats. C o m m e  le m o n t r e  la F igure  1, les s6para t ions  
61ectrophor6t iques  d i f fSrent  selon les c o n c e n t r a t i o n s  en  
ac ry l amide  utilis6es, chacune  p r 6 s e n t a n t  des caract6r is-  
t i ques  qui  lui  son t  propres .  Les s @ a r a t i o n s  les mei l leures  
et  les plus  r ep roduc t ib le s  on t  6t6 g6n6ra l emen t  o b t e n u e s  
avec  les c o n c e n t r a t i o n s  en ac ry l amide  de 5 et  7%.  

L a  qual i t6  des s @ a r a t i o n s  et  le d 6 n o m b r e m e n t  des 
f rac t ions  d @ e n d e n t  de la c o n c e n t r a t i o n  f inale  en  pro- 

t6ines  et  de la longueur  de m i g r a t i o n  - d 'ot l  la n6cessit6 
d ' 6 tud i e r  une  souche bac t6 r i enne  en  fa i san t  va r i e r  ces 
d i f f6rents  pa rambt r e s .  Dans  les cond i t ions  hab i tue l l e -  
n l e n t  nti l is6es la c o n c e n t r a t i o n  f ina le  en  pro t6 ines  a 6t6 
de 2 m g / m l  e t  la l ongueur  de m i g r a t i o n  du  noir  amide  
de 10 12 cm. 

A p H  8,7 la p l u p a r t  des p ro t6 ines  bac t6 r i ennes  se 
d i r igen t  vers  l ' anode ,  mais  ce r ta ines  d ' en t r ' e l l e s  m i g r e n t  
vers  la ca thode .  Une  t r e n t a i n e  de f rac t ions  p e u v e n t  6Ire 
ainsi dis t ingu6es.  La  mobi l i t6  re la t ive  de chaque  f r ac t ion  
p e u t  s ' e x p r i m e r  pa r  r a p p o r t  X la d i s t ance  p a r c o u r u e  p a r  
le noi r  amide.  La  mobil i t6,  le h o m b r e  et  la r @ a r t i t i o n  
des f rac t ions  d i f fe ren t  selon l 'espSce bac t6 r i enne  6tudi6e. 
I ,a  F igure  2 m o n t r e  ~ t i t r e  d ' exemple ,  le f r a c t i o n n e m e n t  
o b t e n u  avec  d ivers  bacil les G r a m  n6gatifs .  On r e m a r q u e  
n o t a m m e n t  que  l ' 61ec t rophor6gramme d'Alcaligenes deni- 
lri/icans pr6sen te  5 f rac t ions  m i g r a n t  vers  le p61e n~gatif .  

Des v a r i a t i o n s  s ' o b s e r v e n t  6ga lemen t  selon la p h a s e  
de croissance consid6r6e. Les F igures  3 et  4 p e r m e t t e n t  
de c o m p a r e r  les d i s t r i bu t i ons  61ectrophor6t iques  o b t e n u e s  
avec  la m6me  souche de Proteus vulgaris en p h a s e  expo-  
nent ie l le  e t  en d 6 b u t  de phase  s t a t ionna i r e .  La  F igure  3 
m o n t r e  les diff6rences observ6es  dans  les cond i t ions  hab i -  
tuel les  d '61ectrophor~se.  La  F igure  4 co r respond  ~ une  
dur6e d '~ lec t rophorSse  de 40 ra in ;  on  r6vble ainsi  l 'exis-  
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