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Induct ion  of Al loxan  Diabetes  in O b e s e - H y p e r g l y c e m i c  Mice (Genotype  obob)  1. 

In  1962 SOLOMON and MAYER repor ted  t h a t  admin is t ra -  
t ion  of a t toxan to  obese-hyperg lycemic  mice failed to  
cause visible damage  t o  the  pancrea t ic  B-cells; the  only  
recorded effects of th is  t r e a t m e n t  was a decreased blood 
sugar level. So far i t  has  no t  been  conclusively shown 

�9 t h a t  obese-hyperglycemic  mice are sensi t ive to  t h e d i a b e t o -  
genie act ion of alloxan. By contras t ,  ano the r  B-cy to tox ic  
subs tance ,  s t reptozotocin ,  has  been found  to  cause serious 
in jury  to  the  B-cells of these  animals  2,s. In  t he  p resen t  
s t u d y  we wish to  repor t  t h a t  a l loxan also is eff icient  as a 
d iabetogenie  agent  in obese-hyperg lycemic  mice and  t h a t  
its ac t ion is med i a t ed  by  a des t ruc t ion  of the  pancrea t ic  
B-cells. 

Methods.  Altoge the r  16 male  obese-hyperg lycemic  mice, 
abou t  6 m o n t h s  old, were used. The animals  were s t a rved  
over -n ight  before t he  exper iment .  Al loxan (Eas tman  
Organic Chemicals,  Rochester ,  New York, USA) was 
given as a 5% (w/v) solut ion in physiological  saline t h rou g h  
a tai l  ve in  in a dose of 150 mg/kg  b o d y  weight .  Care was 
t aken  no t  to dissolve the  al loxan unt i l  j u s t  before  t he  
injection.  Control  animals  received a cor responding  
vo lume of saline. I m m e d i a t e l y  before and  at  in tervals  
af ter  the  injections,  blood samples  were ob ta ined  b y  
punc tu r e  of the  orbi ta l  vein  plexus  wi th  a th in-wal led  
Pas t eu r  p ipe t te .  Serum glucose de t e rmina t ions  were 
pe r fo rmed  as descr ibed by HJELM and  DE VERDI~R 4, 
and serum immuno- reac t ive  insulin levels as according to  
HALES and  RANDLE 5 using crysta l l ine  mouse  insulin as a 
s tandard .  All surv iv ing  animals  were killed by  decapi ta-  
t ion  48 h af ter  inject ions.  The presence  of sugar and  ke tone  
bodies  in the  urine was t e s t ed  wi th  the  aid of Clinistix| 
and  Ketostix|  Histological  examina t ion  of t he  pancreas  
was pe r fo rmed  af ter  f ixa t ion  of the  excised gland in 
Zenker- formal  solut ion and  s ta in ing  of 4 Fm or 7 ~xm 
t h i c k  sect ions in c h r o m e - h e m a t o x y l i n  ponceau  fuchsin~ 
or a ldehyde- fuchs in  ponceau  fuchs inL 

1000 
E 

& 

500 

~"  400 

300 

= 200 

-o 100 g 

0 

(81 
I-] Control animals 
m AIIoxan animals ~i 

0 1 2da' 

I-]Cont rol animals 

~Alioxan animals (4) 

0 1 2day 

Fig. 1. Levels of glucose and immunoreaetive insulin (means 
standard error of the means) in blood from controls and alloxan 
injected animals. Blood samples on day 0 were taken before the 
injections. The number of animals in each group is given in paren- 
theses. 

Fig. 2. Chrome-hematoxylin ponceau fuchsin stained section from 
an alloxali-treated animal. There is a total necrosis of the B-cells in 
the islet, x 500. 

Results .  Out  of 12 al loxanized animals,  6 d ied wi th in  
48 h af ter  c o m m e n c e m e n t  of the  exper iment .  Glucosuria 
was p re sen t  wi th in  24 h in all t he  t r e a t ed  animals  and  
ke tonur ia  occurred in abou t  hal f  of them.  As can be seen 
in Figure  1, the  blood sugar  level was s t rong ly  e levated  on 
the  second day  af ter  t r e a t m e n t ,  whereas  the  insulin level 
was lower t h a n  in the  contro l  animals.  In  t he  la t t e r  
animals  the  b lood insulin level rap id ly  increased when  t h e y  
were allowed free access to  food (WESTMAN s). E x a m i n a t i o n  
of t he  pancrea t i c  h is to logy showed a severe in ju ry  to  the  
islets of Langerhans in the alloxan treated animals. 
There was an almost total necrosis of the cells in many 
islets with a thin rim of apparently surviving cells at the 
periphery (Figure 2). In some of the islets only focal 
areas were necrotic; the remaining cells having a normal 
appearance .  

Discuss ion .  The p resen t  d a t a  show conclusively  t h a t  
obese-hyperg lycemic  mice are no t  r es i s t an t  to  t he  
d iabetogenic  act ion of a l loxan and  t h a t  the  mild, non-  
ke to t ic  d iabetes  associa ted wi th  th is  s y n d ro me  9 can be 
changed  by  al loxan t r e a t m e n t  in to  a severe d iabet ic  
s tate.  The fu lminan t  disease occurred despi te  the  presence  
of a considerable  c i rculat ing insulin level, which  fu r the r  
demons t r a t e s  t he  marked  insulin res is tance  of these  
animals.  However ,  as co mp a red  to t he  controls,  the  mean  
insulin level of the  al loxan d iabet ic  mice was low at  t he  
t ime  of dea th ,  ind ica t ing  t h a t  t he  la t t e r  animals  had  a 
d imin i shed  insulinogenic reserve.  This  conformed  wi th  
t he  f ind ing  of degenera t ive  and  necrot ic  islets in t h e  
pancreas  cor responding  to  the  classical signs of a l loxan 
act ion previous ly  descr ibed in b o t h  normal  mice and a 
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n u m b e r  of o the r  species (FRERICHS a n d  CREUTZFELDT 10). 
A m e l i o r a t i o n  of t he  d iabe t i c  s t a t e  or of t he  insu l in  resis t -  
ance, l ike t h a t  r epo r t ed  b y  SOLOMON a n d  MAYER 11 a n d  
MAHLER a n d  SZABO 12, WaS no t  observed .  

The  obv ious  d i sc repances  be t w een  our  resu l t s  a n d  those  
of SOLOMON a n d  MAYER 11 m a y  bes t  be  exp l a ined  b y  t h e  
differences  be tween  t he  two  inves t i ga t i ons  w i t h  r ega rd  to 
t h e  rou t e  of d rug  a d m i n i s t r a t i o n  a n d  t h e  a l loxan  doses 
employed.  The  fo rmer  a u t h o r s  gave  a l loxan  in t r ape r i -  
t onea l l y  as c o m p a r e d  to  t h e  i n t r a v e n o u s  in jec t ions  g iven  in 
t h e  p r e s e n t  s tudy .  Also, t h e  doses used b y  SOLOMON a n d  
MAYER 11 were  based  on  lean  b 0 d y  mass,  w h i c h  m e a n s  
t h a t  t he  a m o u n t  of a l loxan  g iven  in t h e i r  s t u d y  was a b o u t  
hal f  t h a t  p r e s e n t l y  used. A g a i n s t  th i s  b a c k g r o u n d  i t  is 
conc luded  t h a t  a l loxan  is d i abe togen ic  in  obese -hyper -  
g lycemic  mice a n d  t h a t  i t  ac t s  b y  a m e c h a n i s m  s imi la r  to  
t h a t  in  o t h e r  species. Since B-cells c o n s t i t u t e  more  t h a n  
90% of t he  islets  of obese -hyperg lycemic  mice,  i so la ted  
i n t a c t  islets  oi such  an i m a l s  should  b e  a n  exce l len t  
p r e p a r a t i o n  for  f u r t h e r  s tud ies  of t h e  m e c h a n i s m  for t h e  
select ive d e s t r u c t i o n  of B-cells  b y  a ! loxan  (HELLERSrR6M 
a n d  GUNNARSSON 13). 

Zusammen/assung. Nachweis ,  dass  fe t ts i icht ige ,  hype r -  
g lyk~mische  MS, use n a c h  A l l o x a n - I n j e k t i o n  e inen  e rh6h-  
t en  B lu tzuckersp iege l  u n d  h e r a b g e s e t z t e  I n su l i nkonzen -  
t r a t i o n e n  i m  Vergle ich  m i t  den  u n b e h a n d e l t e n  Kon t ro l l -  
t i e r en  zeigen. 13-Zellen de r  L a n g e r h a n s s c h e n  Inse ln  
zeigen n a c h  Al loxan  nek ro t i s che  Ver / inderungen .  
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Chromosomal Accumulation of 3H-Estradiol in Dividing Ovarial Granulosa Cells and Ovarial 
Squash Preparations 

The  biological  :mechanism of ac t ion  of m a n y  s te ro id  
h o r m o n e s  has  been  a t t r i b t l t e d  to  a n  i n t e r a c t i o n  w i t h  
genet ic  i n f o r m a t i o n  in t a r g e t  cell nuc le i  1-~. S te ro id  
h o r m o n e s  can, v i a  such  a m e c h a n i s m ,  exe r t  a n  i m p o r t a n t  
in f luence  on  t he  t r a n s p o r t  f r om t h e  nuc leus  a n d  accu-  
m u l a t i o n  in  t h e  c y t o p I a s m  of R N A  a n d  r ibonuc leo-  
p r o t e i n  pa r t i c les  5. 

I n  t a r g e t  cells m o s t  s te ro ids  are  c o m b i n e d  w i t h  a 
specific p r o t e i n  r ecep to r  in  t h e  c y t o p l a s m  a n d  t r a n s p o r t e d  
i n to  t he  cell nucle i  s, 7. I n  t he  nucle i  such  s te ro ids  can  be  
found  assoc ia ted  w i t h  c h r o m a t i n  s,9. A b i n d i n g  to  non-  
c h r o m o s o m a l  p ro t e in s  may ,  however ,  also ex i s t  10. 

The  p r e s e n t  i n v e s t i g a t i o n  has  been  pe r fo rmed  to  see if 
i t  is poss ib le  b y  a u t o r a d i o g r a p h i c a l  m e t h o d s  to  d e m o n -  
s t r a t e  a n  a c c u m u l a t i o n  of a s t e ro id  in t h e  c h r o m o s o m e s  
of a d iv id ing  cell of a t a r g e t  t issue.  E s t r a d i o l  was  chosen  
as t h e  s te ro id  a n d  t h e  g r anu losa  cell  l ayer  of t h e  o v a r y  
was chosen  as t h e  t a r g e t  t i s s u e .  E s t r a d i o I  h a s  b e e n  
s h o w n  to be  s t rong ly  a c c u m u l a t e d  in t he  nucle i  of t he  
g r anu losa  cell l aye r  of t he  follicle, w h i c h  suppo r t s  t he  
idea  t h a t  i t  is a t a r g e t  for e s t rad io l  1~, 1~. Th i s  t i ssue  was 
chosen  because  t he  n u m b e r  of mi toses  is eas i ly  s t i m u l a t e d  
a n d  because  t he  ceils are large a n d  the re fore  su i t ab le  to  
s t u d y  u n d e r  t h e  microscope.  

I n  2 female  a lb ino  N M R I - m i c e ,  we igh ing  20 g each,  t he  
follicle g r o w t h  was s t i m u l a t e d  b y  a s.c. i n j ec t ion  of 50 I U  
p r e g n a n t  m a r e ' s  s e rum (PMS, o b t a i n e d  f rom At3 Fer r ing ,  
Sweden) ;  24 h l a t e r  t h i s  t r e a t m e n t  was  r epea ted .  The  
mice  were a t  t h i s  t i m e  also in j ec t ed  s.c. w i t h  1 mCi  
aH-es t rad io l  (2, 4, 6, 7-~H-estradiol-17fl,  spec. act .  110 
C i /mM,  New E n g l a n d  Nuc lea r ;  dose pe r  a n i m a l :  2,5 ~zg) 
d issolved in 0.1 ml  d i m e t h y l  sul foxide  (DMSO). 1 h later ,  
t h e  mice  were in jec ted  i.v. w i t h  2.5 m g / k g  colchicine,  
(S igma Chemica l  Co., USA) ,  wh ich  a r res t s  t he  m i t o t i c  
d iv i s ion  in m e t a p h a s e .  T he  mice  were ki l led 3 h a f t e r  t h i s  
in jec t ion .  One o v a r y  in each  mouse  was  t a k e n  a n d  cu t  
in to  5 pieces a n d  f ixed  in L e v a n s  f i xa t i ve  (60 ml  glacial  
acet ic  acid, 10 ml  i N hydroch lo r i c  acid a n d  30 ml  
d is t i l led  water )  for 20 rain.  T he  pieces were t h e n  s t a i ned  
w i t h  a few drops  of orcein  (2 g orcein,  60 ml  glacial  acet ic  
ac id  a n d  40 m l  d i s t i l l ed  water ) .  T h e r e a f t e r  each  piece was  

p laced  b e t w e e n  2 sl ides a n d  squashed .  The  squash-  
p r e p a r a t i o n s  were t h e n  s u b j e c t e d  to c o n v e n t i o n a l  s t r ip-  
p ing  f i lm a u t o r a d i o g r a p h y  1. b y  wh ich  s t r i pp ing  f i lm 
( K o d a k  A R  10) is s t r e t c h e d  on  w a t e r  a n d  f loa ted  on to t he  
p repa ra t ions .  Pieces  of ovar ies  f rom con t ro l  mice,  no t  
i n j ec t ed  w i t h  ~H-estradiol ,  were  also t a k e n  a n d  t r e a t e d  as 
descr ibed  above .  The  o t h e r  2 ovar ies  t r o m  the  3H- 
e s t r a d i o M n j e c t e d  mice  were cu t  in to  smal l  pieces a n d  
p u t  in  a cold isotonic  so lu t ion  of 1% o s m i u m t e t r o x i d e  
buf fe red  to p H  7.4 a n d  f ixed for  2 h. Af te r  d e h y d r a t i o n  in 
e t h a n o l  t he  t i ssue  pieces were e m b e d d e d  in Epon .  Sect ions,  
i [zm th ick ,  were cu t  on  a n  L K B  U l t r o t o m e  and  p u t  on  
glass-slides. A u t o r a d i o g r a p h y  was t h e n  pe r fo rmed  as 
descr ibed  for t h e  s q u a s h - p r e p a r a t i o n s .  The  au to rad io -  
g r ams  were exposed  a t  - -15 ~ t he  exposu re - t ime  be ing  
3-6  m o n t h s .  Since s te ro id  h o r m o n e s  are k n o w n  to be  
dif fusible  d u r i n g  t h e  va r ious  s teps  of t h e  his to logic  a n d  
a u t o r a d i o g r a p h i c  p rocess ing  14, con t ro l  e x p e r i m e n t s  were 
u n d e r t a k e n  to  e s t i m a t e  t he  loss of r a d i o a c t i v i t y  in  t he  
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