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Pathogenetic Aspects of the Obese-Hyperglycemic Syndrome in Mice (Genotype obob): 
I. Function of the pancreatic B-cells* 
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Summary. The insulin secretion has been studied in 
both fed and starved obese-hyperglycemic mice (genotype 
obob) and their lean siblings. Groups of mice, 2-- 15 months 
old, were injected intravenously with either glucose or 
glucagon, and the serum levels of glucose and immune- 
reactive insulin measured. Injection of glucose, 3.75 g per 
kg body weight, caused a prompt increase of the serum 
insulin in all obob mice except for the group of 4 months 
old animals with free access to food. In contrast to the 
lean siblings the obese mice displayed an er~haneed disap- 
pearance rate of glucose from serum with increasing age. 
Administration of glucagon cffected a marked and prompt 
increase of the serum insulin concentration in all anbnals. 
l~ence the delayed and low insulin response previoulsy 
observed in human diabetics was not fotmd in mice with 
the obese-hyperglycemic syndrome. 

Aspects de [a pathog~n~se du syndrome ob~sitd-hyper- 
glycdmie chez la souris (gdnotype obob). I .  t"onctions des 
celtules B du pancrdas 

lCdsumg. La sderdtion de rinsuline a dtd 6tudide chez 
la scurfs ob~se-hyperglycdmique (gdnotype etch) nourrie 
et k jeun ainsi que chez les animaux normaux des memes 
niehdes. Des groupes de scurfs &gdes de 2 ~ 15 mois ont 
repu des injections intraveineuses de glucose ou de glucagon 
et les taux sanguins de glucose et d'insuline immunordacti- 
ve ont did mesv-r6s. L'injection de 3.75 g glueose/kg de 
polds corporel est suivie dune augmentation immddiatc 
de l'insulindmie ehez routes les souris obob, ~ 1'exception 
du groupe d'anlmaux &ggs de 4 mois nourrls ad libitum. 

A l'oppos4 de ce qui se passe chez les souris normales, le 
taux de disparition de glucose du sdrum chez la souris 
obbse augmente avec l'~ge. L'administration de gluc, agon 
entralne un accroissement prompt et marqud de 1 insu- 
lindmie chez tous les animaux. La riposte retardde et 
faible, ddcrite prdoddennnent dans le diab~te hmnain n'a 
done pas ~t4 observ6e ehez la souris ob~se-hyperglye~- 
mique. 

Zur Pathogenese des obes-hyperglykdimischen Syndroms 
der Maus ( Genotyp obob ) I .  Die Funktion der B-Zellen des 
Pankreas 

Zusamme~faseung. Die Insulinsekretion 2--15 Monate 
alter obob lYI~iuse und deren gleichaltriger normalgewieh- 
tiger Geschwister wurde naeh intraven6ser Injektion yon 
Glucose (3.75 g/kg) oder Glucagon untersueht. Mit Aus- 
nahrne der 4 Monate alten ad libitum ern~hrten Tiere stieg 
die Xnsulinkonzentration ira Serum aller obob M~uso 
sehnell an. Im Gegensatz zu den normalgewiehtigen Tie- 
ren nahm die Abbaurate der Glucose bei obob Tieren mit 
steigendem Alter zu. In allen ~'/~llen stleg nach Glucagon- 
injektion die Insulinkonzentration sofort stark an. Die 
beim diabetischen Menschen festgestellte verminderte 
uud versp~tet erfolgende Insulinsekretion ist somit im 
Fall des obes-hyperglykgmischen Syndroms tier obob 
IVf~use nieht naehzuweisen. 

Key-words: obob mice, insulin secretion in vise, serum 
glucose, serum insulin, glucose tolerance, glucagon effect, 
islet B-cell function. 

The recessively inherited obese-hyperglycemic syn- 
drome in mice (gene symbol oh) has been studied from 
various aspects during the 19 years that  have elapsed 
since it was first described [4]. The first sings of a dis- 
turbed carbohydrate metabolism have been observed 
in the homozygous animals at  the age of about 20 days, 
when they display both increased serum insulin levels 
and an increased tolerance towards exogenous insulin. 
In  somewhat older obese animals the serum glucose 
level also rises. A~ter some months the increased serum 
insulin and glucose concentrations gradually decrease 
again [i2]. A peripheral defect of the carbohydrate 
metabolism has been assumed to cause the long-term 
hyperglycemia associated with an excessive insulin 
production [9]. However, up to now there seems to be 
no data available on the insulin secretion following 
short term stimulation of the islet B-cells in the obese- 
hyperglycemic animals. Information on this point 
would further clarify the question of whether a defec- 
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rive B-cell function is of etiological significance in the 
development of the syndrome. In  the present study the 
variations in serum immunoreaetive insulin and glu- 
cose concentrations have been measured after intrave- 
nous administration of glucose and glucagon. 

Materials and Methods 

Animals. Altogether 95 male obob mice and 81 of 
their lean littermates, 2--17 months old, were used. 
The animals belonged to the colony bred at the De- 
pa~%ment of Histology, University of Uppsala, Sweden. 
They were given a commercial pelleted food fortified 
with vitamins (Preterit| Roche) and tap water ad 
libitum (of. 12). 

Glucose injections. Immediately after a blood sam- 
ple had been obtained by puncture of the orbital vein 
plexus with a thin walled Pasteur pipett glucose was 
injected into a tail vein. The vein was visualized by 
transflluminating the pigmented tail. For the glucose 
tolerance tests 3.75 g glucose per kg body weight was 
given as a 30% solution. Blood samples were then taken 
at regular intervals between 4 and 64 rain. The blood 
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was collected in dry test  tubes without anticoagulants, 
a]lowed to coagulate and centrifuged immediately 
afterwards. The serum was then removed and stored 
at  - -  18 ~ C until assayed. Serum glucose determinations 
were performed on duplicate 5 ~1 samples by  a glucose 
oxidase method as described by  t t je lm and DeVerdier 
[3]. A separate blank without added glucose oxidase 
was run for each sample. The immnnoreactive serum 
insulin was determined by  the double ant ibody radio- 

described above. In  one experiment a second injection 
of glucagon was given immediately after the 32 rain 
blood sample had been withdrawn. 

Results 

The results of the i.v. glucose tolerance tests are 
given in Figs. 1 and 2. I t  is evident tha t  in the fed mice 
(Fig. 1) the glucose disappearance changed with age 
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Fig. 1. I .  v. glucose tolerance tests in obese and lean mice of different ages and with free access to food. 1Ylean values 
obtained in 8 to 11 obese and 3 to 9 lean animals 

Lenght of vertical lines indicates S.E.M. Serum glucose in obese ($) and lean (0) mice. Serum insulin in obese (~)  
and in lean (~) mice. 

immunoassay according to Hales and Randle [2] using 
the ki t  obtained from The Radiochemical Centre, 
Amersham, England; crystalline mouse insulin (23 
IU/mg) being used as a standard. 

Glucagon injections. Each animal received an in- 
travenous injection of 0.6 mg glucagon (Lilly) per kg 
body weight dissolved in dilute tIC1, p H  2.6. A group 
of control animals were injected with dilute tIC1 only. 
Serum glucose and insulin concentrations were meas- 
ured at  regular intervals up to 128 min afterwards as 

both in the obese and the lean animals. Whereas in the 
former there was an increased glucose disappearance 
rate in the older animals, the lean li t termates rather  
showed the reverse, which is particularly evident from 
a comparison between Figs. 1 a and 1 d. 

Differences between the two types of animals were 
found also with respect to the insulin secretion pat terns 
In  the obese mice there was a marked insulin response 
to the glucose injections in all age groups except for the 
4 months old animals. At this age the pre-injection 
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insulin level was ve ry  high and  g radua l ly  decreased 
af te r  glucose admin is t ra t ion .  The lean animals  showed 
a small  or absen t  insul in response in all  age groups;  
only  a t  2.5 mon ths  of age was the  inc rement  s ta t is t i -  
cal ly  significant (P  < 0.01). 

As can be seen in Fig.  2 the  general  p a t t e r n  of the  
serum glucose curves in the  s t a rved  obese and  lean ani- 
mals  were s imilar  to  those of the  fed animals .  Hence,  in 
the  7 and  15 mon ths  old obese mice the  glucose dis- 

Admin i s t r a t ion  of glueagon to the  fed animals  
caused a m a r k e d  rise in the  serum glucose concentra-  
t ions,  which increased to  more  th~n twice the  in i t ia l  
levels (Fig. 3). Bo th  the  obese and  the  lean animals  
d i sp layed  a m a r k e d  increase of the  serum immuno-  
react ive  insul in concentra t ion.  I n  the  2.5 mon ths  old  
obese animals  (Fig. 3a)  the  insulin had  increased a t  
4 rain to a value  abou t  4 t imes  t h a t  of the  basel ine 
level and  in the  lean l i t t e rma tes  abou t  2.5 t imes.  F o r  
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Fig. 2. I.  v. glucose tolerance tests in obese and lean mice of different ages and after 18 h starvation.  Mean values 
obtained in 6 to 10 obese and 5 to 9 lean animals. Symbols as in Fig. 1. 

appea rance  ra te  appea red  increased as compared  to the  
lean animals .  As expected ,  the  pre- in jec t ion  insulin 
levels were lower in the  s t a rved  t h a n  in the  fed obese 
mice. A t  all  ages the  serum insul in levels of the  former  
an imals  increased in response to  the  glucose inject ion.  
There was a pa r t i cu l a r ly  s t rong s t imula t ion  of the  B- 
cell funct ion  in the  15 months  old mice. B y  contras t ,  
the re  was no significant increase of the  serum insulin 
concent ra t ion  in  any  of the  lean an imal  groups  af ter  
the  s t a rva t i on  period.  

the  4 months  old animals  (Fig. 3b) the  corresponding 
increases were 3.5 and  2.5 t imes  respect ively.  

W h e n  the  mice were given the  same a m o u n t  of 
glucagon af ter  18 h s ta rva t ion ,  the  re la t ive  increase of 
the  serum insul in content  in the  2.5 months  old  mice 
was similar  to t h a t  observed in the  fed animals  (Fig. 
4a).  The effect in the  4 months  old obese animals  was 
found to be s ignif icant ly  grea te r ;  the  mean  serum in- 
sulin level was in fact  increased more  t h a n  10 t imes  
(Fig. 4b) .  Admin i s t r a t i on  of HC1 alone d id  no t  affect 
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the  serum insul in level  to  a n y  considerable  ex ten t .  
W h e n  two h~travenous g lucagon in jec t ions  were given,  
the  second dose was also found  to resul t  in a s ignif icant  
increase of the  serum insul in level  in  the  obob mice 
(Fig. 5). 

Discussion 

F r o m  a previous  s~udy on the  deve lopmen t  of the  
obese-hyperg lycemic  syndrome  in mice i t  a p p e a r e d  
t h a t  in the  younger  an imals  the  increased serum insu- 

and  lean animMs should also be considered.  There  is 
recent  evidence to  suggest  tha~ ~he ex t race l lu ta r  vot- 
ume as expressed per  un i t  body  weight  m a y  be some- 
w h a t  smal ler  in the  obese an imals  [13]. The observa-  
t ion  t h a t  the  obese animals  were able to  e l iminate  the i r  
b lood glucose a t  a near  no rma l  r a t e  appears  somewha t  
puzzl ing in view of ~heir m a r k e d  insul in  res is tance [9, 
12]. 

I n  the  4 months  old obese an imals  wi th  free access 
to  food an  e x t r a  glucose load  d id  no t  appea r  to  s t im- 

500' 

o E 400 

S00 

200 8 

~ I00 
O3 

5 months old 
1000 

E 
-800 

�9 600 c 

- 400 .a_ 
E 
2 

200 
~ io0 

~ z x _ . . . z x . - -  . . . .  _ ' ~ r _ _  ~_~____-T__.. . . . . .  , _ _ _ _ ~ &  _ _  

10 30 50 70 go 110 130mm 

500 

~ ~ v, h onthsold 

10 30 

!000 

E 
800 6; 

400 c_ 
E 
2 q; 

200 ~n 

100 

50 70 90 110 130min 
o b 

Fig. 3. I.  v. glueagon tests in obese and lean mice of different ages and with free access to food. Mean values obtain- 
ed in 10 obese and 10 lean animals. Symbols as in Fig. 1. 
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u l a t e  the  panc rea t i c  B-cells to  fu r the r  insul in secret ion.  
Possible  exp lana t ions  for th is  lack  of secre tory  re- 
sponsiveness to  an  acute  glucose load  migh t  be a de- 
p le t ion  of in~racellular insulin stores, or alternatively 
an a d a p t a t i o n  to  the  preva i l ing  high levels of circulat-  
ing  serum glucose [12]. The chronic hyper insu l inemia  
of these  animMs migh t  also con t r ibu te  to  make  glucose 
a less effective s t imulus  for insul in  ou tpu t .  Admin i s t r a -  
t i on  of sub-hypog lycemic  doses of insul in to  r a t s  for up  
to  4 days  has  r ecen t ly  been found  to  inh ib i t  the  effect 

l in  levels were no t  sufficient to  normal ize  the  h igh  
blood glucose concen t ra t ion  [12]. The p resen t  resul ts  
agree well w i th  th is  conclusion in  t h a t  the  peak  serum 
glucose levels were pa r t i cu l a r l y  high in  the  2,5 and 
4 m o n t h s  old obese mice. A l t e rna t ive ly ,  i t  seems pos- 
sible t h a t  a p ro longed  b lood  c i rcula t ion  t ime  because  
of the  high fa t  s torage a t  these  ages, migh t  be of signi- 
ficance in th is  context .  A fur ther  poss ib ih ty  t h a t  ap- 
p a r e n t  differences in glucose d i sappea rance  reflect dif- 
ferences in  ex t race l lu la r  fluid volumes be tween  obese 
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of glucose on the  insulin release from pancrea t i c  slices 
[7]. 

The 4 mon ths  old fed obese-hyperglycemic  mice 
r e t a ined  the  capac i ty  to  respond  to gluoagon wi th  a 
significant increase.  I t  appears  therefore  t h a t  glu- 
cagon and  glucose affect the  insulin secret ion mecha-  
nism of the  B-cells in different  ways.  Moreover  also a 
second dose of glucagon was effective in the  4 months  
old obese-hyperglycemic  mice a l though the  resul t ing  
insulin peak  was cons iderably  smaller.  These findings 
agree well wi th  current  concepts  ind ica t ing  a d i rec t  
glucagon s t imula t ion  of the  insul in secret ion bo th  in 
vivo and  in vitro [5, 10, 11]. 
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Fig. 5. The effect of 2 successive i. v. injections at  A and 
B of glucagon (0.6 mg/kg body weight) on the serum 
insulin level of 4 months old obese-hyperglycemic mice 
with free access to food (A).  Mean values • S.E.M. based 

on observations in 6 animals 

An  increased insul in release in  mice wi th  the  obese- 
hyperg lycemic  syndrome  (except  for the  4 mon ths  old 
fed animals) ,  is in conformi ty  wi th  previous  observa-  
t ions  on bo th  pancrea t i c  slices and  i so la ted  islets from 
these animals  [6, 8]. The insulin response d i sp layed  b y  
the  homozygous  mice was genera l ly  p r o m p t  and  there  
was a fast return to the initial, or lower than initial, 
serum insulin levels. This is in marked contrast to the 
de layed  and  low insulin response to  glucose which has 
been recorded in d iabet ic  humans  and  which has been 

suggested to  be of et iological  significance for the  devel .  
o p m e n t  of the  disease [1]. 
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