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Summary. Mice wi th  the  recessively inheri ted,  obese- 
hyperg lycaemie  syndrome were s tudied  a t  different stages 
of their  deve lopment .  Homozygous  carriers of the  syn- 
drome a l ready  exhib i ted  an  excessive accumula t ion  of 
fa t  resul t ing in overweight  at  an  age of 26 days.  A few 
days la ter  the  concent ra t ion  of serum immunoreae t ive  
insulin was raised and t h e n  cont inuously  increased un- 
ti l  abou t  6 mon ths  of age. Subsequen t ly  there  was a 
gradual  decline to t he  levels observed in the  lean l i t ter  
mates .  Serum glucose values  above  those of the  lean con- 
trols  were first observed  a t  abou t  1 m o n t h  of age. There  
was a subsequent  increase of the  b lood sugar va lues  unt i l  
the  mice were 3 months  old, when  the  m e a n  va lue  was 
above  300 mg  per  100 ml. The  level  t hen  decreased unt i l  
in 7 m o n t h s  oId obese mice it  did no t  differ f rom t h a t  in 
t he  lean l i t te r  mates .  The  concent ra t ion  of serum free 
f a t t y  acids of the  obese mice was no t  significantly different 
f rom t h a t  of the i r  lean l i t ter  ma te s ;  a decrease wi th  age 
being observed for bo th  types.  I n  the  old obese mice there  
was a fall also in the  body  weight  to approx ima te ly  normal  
levels. - -  Admin i s t r a t ion  of insulin to the  genet ical ly  
future-obese mice displayed a h igher  insulin to lerance as 
reflected in a slower decrease of the  b lood sugar level  a t  
an  age of 27 days.  The  abi l i ty  of these  mice to resist  in- 
sul in- induced convulsions was t r ied  as a m e t h o d  for an  
ear ly  ident i f icat ion of ind iv idual  future-obese mice. I t  
was, however ,  no t  possible to classify t he  mice comple te ly  
into two genet ica l ly  different  groups a t  23- -25  days of 
age, a l though this  tes t  t u rned  out  to be fair ly reliable. 
Glucose tolerance tes ts  a t  the  same ear ly  age were also 
found to be less useful. Only in 4 mon ths  old, obese- 
hyperg lyeaemie  mice did an  in t raper i tonea l  glucose load 
resul t  in a slower re tu rn  of the  b lood sugar level  to the  
pre- in jeet ion value.  --  The  present  findings indicate  a 
t r iphasie  deve lopment  of the  obese-hyperglyeaemie  syn- 
drome.  Af te r  an  init ial  a symptoma t i e  per iod las t ing for 
the  first 23- -26  days of life, the  var ious  mani fes ta t ions  
of the  syndrome appear  in the  course of a few days.  The 
subsequent  per iod is character ized by  increasing serum 
glucose and  insulin concent ra t ions  and coincides approxi-  
m a t e l y  wi th  t he  t ime  of rapid  gain in body  weight .  Af te r  
the  body  growth  ceases the  abnormal i t ies  associated wi th  
the  syndrome gradua l ly  disappear .  The  pa t t e rn  of deve- 
lopment  of the  syndrome is compat ib le  wi th  the  v iew 
t h a t  d iabetogenic  factors  are ac t ive  dur ing a l imi ted per iod 
ear ly  in t he  life of the  homozygous  mice.  

D~veloppement du syndrome ob~se-hyperglycdmique chez 
des souris 

Rgsumd. Des souris prdsentant  le syndrome obese- 
hyperg lycdmique  t ransmis  rdeessivement,  ont  dtd dtudides 

diffdrent s tade  de leur ddveloppement .  Les por teurs  
homozygotes  du syndrome mon t r a i en t  ddjN une accumu-  
la t ion excessive de graisse about i ssant  k l ' embonpoin t  
l 'gge de 26 jours.  Quelques jours plus t a rd  la concentra-  
t ion d ' insul ine immunorgae t ive  du sdrum dtai t  61evde et  
eont inua i t  k augmen te r  jusqu '~  l 'gge de 6 mois  environ.  Pa r  
la suite il se produisa i t  une baisse progressive j u s q u ' a u x  
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taux observds ehez les animaux non-obgses des m6mes 
portdes. Des valeurs du glucose sdrique supdrieures k 
celles des t@moins non-ob~ses, ont @td d'abord observdes 

l'g~ge de I mois environ. Il y avait ensuite une augmen- 
tation des valeurs du sucre sanguin, jusqu'~ ee que les 
souris aient 3 tools, alors la valeur moyenne d@passait 
300 mg pour I00 ml. Puis le taux diminuait jusqu'k ce que, 
ehez les souris obbses de 7 mois  il ne diff6re plus de eelui 
des souris non-ob~ses de re@rues portdes. La  concent ra t ion  
d 'aeides gras libres du s@rum chez les souris ob6ses n'@tait 
pas s ignif ica t ivement  diff6rente de celle des souris non- 
ob@ses de mgmes portdes;  pour  les deux  groupes on ob- 
servai t  une d iminut ion  avee l '~ge. Chez les souris obbses 
~g6es il y ava i t  6galement  une chute  de poids a t t e ig~an t  
a p p r o x i m a t i v e m e n t  les n iveaux  normaux .  --  L ' admin i -  
s t ra t ion d ' insul ine aux  souris g6n@tiquement destindes 
deveni r  ob~ses a r@v616 une  plus grande tol6ranee k Fin- 
saline, eomme l ' ind iqua i t  la d iminu t ion  plus lente  du 
t a u x  du sucre sanguin ~ l 'gge de 27 jours.  La  eapaeitd de 
ces souris ~ r6sister aux  convulsions provoqu6es  par  
l ' insuline a dtd essayde eomme mdthode  d ' ident i f iea t ion  
prdcoce des souris futures ob~ses. I1 n 'd ta i t  eependan t  pas 
possible de elasser compl~tement  les souris en deux 
groupes g6ndt iquement  diff6rents ~ l 'gge de 23- -25  jours,  
b ien que ce tes t  se soit  rdvdlg assez stir. Les tes ts  de 
tol@ranee au glucose effeetu6s au  re@me age pr6eoee se sont  
6galement  rdvdl6s moins utiles. Ce n ' es t  que ehez les 
souris ob@ses hyperg lyedmiques  s de 4 mois  qu 'une  
charge intrap6ri tondale de glucose about issai t  k un  re tour  
plus lent  du t a u x  du sucre sanguin ~ la va leur  a v a n t  
l ' in jeet ion.  --  Les rgsul ta ts  prdsents ind iquen t  un ddve- 
loppement  t r iphas ique  du syndrome obbse-hyperglyc6- 
mique.  Aprbs une pdriode init iale a s y m p t o m a t i q u e  qui  dure 
pendan t  les 23- -26  premiers  jours,  les diff6rentes mani-  
festat ions du syndrome appara issent  au  bou t  de quelques 
jours.  La  p6riode su ivante  est earaetdris6e par  une aug- 
men ta t i on  des concent ra t ions  de glucose et d ' insul ine du 
s6rum, et  coincide a p p r o x i m a t i v e m e n t  avee  le t emps  de 
gain rapide  en poids. Quand  la eroissance s 'arr6te,  les 
anomalies  assoeides au  syndrome disparaissent  p e u k  peu. 
Le seh6ma de ddve loppement  du syndrome est compat ib le  
avee l 'opinion selon laquelle  les faeteurs diabdtog6nes sont  
aetifs pendan t  une p6riode limit6e, dans la premi6re 
par t ie  de la vie  des souris homozygotes .  

Entwicklung des hyperglyki~mischen Fettsuchtsyndroms 
bei Mi~usen 

Zusammenfassung. M/~use mi t  resessiv v e r e r b t e m  
Fe t t such t - t t ype rg lyk~miesynd rom wurden  in verschiede-  
hen  Entwick lungss tad ien  untersueht .  H o m o z y g o t e  Merk- 
mals t rgger  zeigten b..ereits a m  26. Lebens tag  eine s tarke 
Fe t t anh~ufung  mi t  Ubergewicht .  Einige  Tage sparer  war  
die Konzen t r a t i on  des immunoreak t i ven  Seruminsulins 
gesteigert  und  erh6hte  sich wei ter  bis e twa zum 6. Lebens-  
monat .  Danach  erfolgte ein schri t tweiser  Abfal l  bis auf  die 
bei mageren  Wurfgeschwis tern  beobaeh te ten  Konzen t ra -  
t ionen.  Nach  dem ersten Lebensmona t  wurden  ers tmals  
h6here Blutzuckerspiegel  als bei  den  mageren  Wurfge-  
schwistern beobachte t .  D a r a n  schlo[~ sich bis e twa zum 
Alter  yon  3 Monarch ein Blu tzuckerans t ieg  bis auf  ca 
300 mg  % an. Die Blu tzuckerwer te  flelen dann bis zum 
7. Lebensmona t  wieder  auf die bei  mageren  Wurfge-  
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schwistern beobachteten Blutzuckerspiegel ab. Zwischen 
fettsiichtigen und mageren Wurfgeschwistern fanden sich 
keine signifikanten Unterschiede in den Konzentrationen 
der freien Fetts/~uren im Serum, doch sanken diese mit 
zunehmendem Alter. Auch das Gewicht der fettsiichtigen 
M~use ging im Alter auf etwa norma]e Werte zuriick. -- 
l~ach Insulinverabreichung land sich bei genctisch deter- 
minierten fetten M/iusen im Alter yon 7 und 20 Tagcn eine 
gesteigerte Insulintoleranz mit verlangsamtem Blut- 
zuckerabfall. Zur Frfiherkennung einzelner sparer iiber- 
gewichtiger M/~use wurde untersucht, ob solche auf In- 
sulinverabreichung weniger mit Kr/~mpfen reagierten. Ob- 
wohl sich dieser Test als recht zuverl~ssig erwics, gelang 
es dadurch nicht, 23 bis 25 Tage alte M~use vollst~ndig 
in zwei genetisch verschiedene Gruppen aufzuteilen. Auch 
Glucosetoleranzteste stellten sich in diesem frfihen Alter 
als weniger ergiebig heraus. Erst bei 4 Monate alten fetten 
und hyperglyk/~mischen M/iusen ffihrtc die intraperi- 
toneale Glucoseverabreichung zu einem vcrzSgerten Ab- 
fall des Blutzuckers auf die Werte vor der Injektion. -- 

Die vorliegendcn Befunde deuten auf eine dreiphasische 
Entwicklung des Fettsucht-Hyperglyk~mie-Syndroms. 
Nach einer asymptomatischen Vorperiode wi~hrend der 
ersten 23 bis 26 Lebenstage treten die vcrschicdenen Sym- 
ptome des Syndroms im Laufe weniger Tage auf. -- Die 
folgende Phase ist gekennzeichnet durch einen Anstieg 
der ]31utzucker- und Insulinkonzentration und f~llt etwa 
mit der Periode sehneller Gewichtszunahme zusammen. 
Mit dem Abschlu/] des Wachstums verschwinden die bei 
dem Syndrom beobachteten St5rungen allm~ihlich. Die 
Art der Entwicklung des Syndroms 1/iBt sich mit der An- 
sicht vereinbaren, dal3 die diabetogenen Faktoren wi~h- 
rend einer begrenzten und friihen Lebensperiode bei 
homozygoten Miiusen wirksam werden. 

Key-words : Obese mice, Genotype : ob/ob, obese hyper- 
glycaemic syndrome, body weight, serum glucose, serum 
insulin, serum free fatty acids, insulin tolerance, glucose 
tolerance. 

The recessively inherited, obese-hyperglyeaemic 
syndrome in mice was first described in 1950 [18]. All 
mice homozygous for the gene ob/ob develop the mani- 
fest syndrome, the most distinguishing feature of which 
is an excessive and abnormal deposition of fat [21]. In  
addition to the increased body weight, these mice are 
characterized by a moderate hyperglyeaemia [23] to- 
gether with high levels of circulating insulin [27] and 
greatly enlarged, functionally hyperactive islets of 
Langerhans, of which about 90 per cent are B-cells 
[9, 13, 14]. An indication of the altered fat metabolism 
is a fa t ty  infiltration of the liver [15] and increased 
levels of serum cholesterol [22]. In  addition, adult 
obese-hyperglycaemic mice have been reported to 
tolerate very high doses of insulin [20, 26]. Despite all 
the information available, there is still a lack of knowl- 
edge about the ultimate mechanisms responsible for 
the syndrome. I t  seemed therefore worth while to 
analyse in more detail certain aspects of the metabolic 
disturbances of these animals with particular reference 
to the development of the syndrome. This problem was 
approached by studying the body weight, the serum 
concentration of glucose, immunoreaetive insulin and 
free fa t ty  acids, as well as glucose and insulin tolerance 
tests at different ages. On the basis of these tests, an 
at tempt was made to diagnose the homozygous 
carriers earlier than they could be distinguished by 
their body weights. 

Material and Methods 

Altogether about 1000 obese-hyperglycaemic and 
lean mice between 14 days and 21 months of age were 
used in this study. The animals belonged to the colony, 
bred at the Department of Histology, University of 
Uppsala, Sweden. The strain originated from the 
R.B. Jackson Memorial Laboratory, Bar Harbor, 
Maine, U.S.A., where the obese-hyperglycaemie syn- 
drome was discovered [18]. Because of the infertility of 
the homozygous females and the low fertility of the 
males, heterozygous carriers of the gene for obesity and 

hyperglycaemia had to be used for breeding purposes. 
The litters were weaned at about 21 days of age, and 
separated according to their sex between 30--42 days 
of age, at which time the homozygous animals also 
could be distinguished by their obesity. The animals 
were housed in temperature-regulated (24:[:2~ 
rooms, which were illuminated artificially between 
8 a.m. and 7 p.m. Five obese and five lean litter mates 
were kept together in plastic pens (floor area 28 • 19 cm) 
with wood shavings. Unless otherwise stated, they 
were allowed free access to food and tap water. The 
food, in pellet form, which was manufactured by AB 
Ewos, SSdert~lje, Sweden, had the following compo- 
sition (per cent) : whey powder 5 ; expanded cereals 72 ; 
soybean oil meal 9; fish meal, defatted 8 ; soybean oil 2 ; 
yeast 2; limestone 1; vitamin concentrate 1; trace 
elements 1. Average analysis of dry matter:  crude 
protein 20; crude fat 5 ; ash 5, (Ca 0.8 ; P 0.6 ; NaC10.6) ; 
fibre 3 ; nitrogen-free, extractable substances 67. Water 
content 8. Trace elements added (per cent) : Fe 0.0017 ; 
Cu 0.00017; Co 0.000017; Mn 0.0017; I 0.00006; 
Zn 0.0125. Vitamins added (per 100 g): Vitamin A 
360 IU;  vitamin D 3 40 IU;  vitamin E 4.2 rag; vita- 
rain B 1 0.15 rag; vitamin B2 0.30 mg; Ca-pantothenate 
0.50 rag. Every second week the mice were given extra 
vitamins, Protovit| Roche, Basel, Switzerland. 

The groups of mice younger than 30 days comprised 
both males and females. Above 30 days male animals 
were used throughout, except for the determination of 
body weights, which were recorded for both sexes. 
Between 14 and 30 days of age, i.e. before the sex or 
obesity could be recognized with certainty, observa- 
tions and experiments were made on the same mice. 
Above this age, groups of mice were taken from the 
stock. Since it was not possible to distinguish the homo- 
zygous carriers in the youngest age groups, the animals 
were marked in the ears, and later identified as obese 
or lean. All procedures involving handling of the ani- 
mals were started in the morning. 

The body weights were measured on a balance with 
a sensitivity of =k 0.1 g. 
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The blood samples were obtained by  puncture of the 
orbital vein plexus with a thin walled Pasteur pipett  
(cf. 24) under light ether anaesthesia. The blood was 
then collected in dry test  tubes, which did not contain 
an anticoagulant. When used for determinations of 
serum insulin content, the samples were left at room 
temperature  for 2 h and then centrifuged. When used 
for other analyses they were centrifuged immediately 
after coagulation, and the supernatant  serum was 
removed. All samples were frozen and stored at - -  18~ 
until assayed. 

Serum glucose determinations were performed on 
duplicate samples (5--10 ~l) by  a glucose oxidase 
method described by HJEL~ and DEV~lcDIn~ [17]. A 
separate blank determination without glucose oxidase 
was run for each sample. The error for a double 
determination was • 3 %. To investigate the frequency 
of spontaneous morning glucosuria, groups of 10 obese 
mice of ages varying between 1.5--8 months were used. 
The urine was tested with glucose oxidase reagent strips 
(Clinistix| Ames Comp. Slough, Bucks. England). 

Serum insulin levels were determined by  the double 
ant ibody radioimmunoassay technique described by  
HAL~S and RA~DLE [12], using crystalline mouse 
insulin (biological and immunological activity approxi- 
mately  23 U per rag) as a standard (Fig. 1). Insulin anti- 
bodies and l~SI-insulin were supplied by  The Radio- 
chemical Centre, Amersham, England. Duplicate assays 
were carried out on each sample; the error for a 
double determination being d= 12%. For satisfactory 
determination of insulin a minimal concentration of 0.3 
m~g per ml was required. 
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Eig.  1. E f f e c t  o f  u n i a b e l l e d  m o u s e  ( � 9  - - . )  a n d  ox  ( O 
-- --) insulin on the recovery of 125I-labelled ox-insulin 

in the insulin-antibody precipitate 

Serum free fatty acids were measured in 100 ~1 
samples with the modification of DOLE'S [7] method 
described by  T~O~T et al. [28], using Nile blue instead 
of thymol blue as an indicator [11] and with palmitic 
acid as standard. The error for a single determination 
was • 3%. 

Glucose tolerance tests were performed on non-fasting 
2--13 m o n t h s  old mice. After a preliminary blood 
sample had been taken, 2.5 g glucose per kg body 

weight as a 10% glucose solution was injected intra- 
peritoncally and the mouse was returned to the cage. 
Blood sampling was repeated at intervals between 20 
and 240 rain. Since serial blood samples could not be 
obtained in young mice, a single sample was taken 
after 30 rain in the 22--23 days old mice. In  addition, 
the occurrence of glucosuria was tested for after 1 h. 
In  other experiments designed to evaluate the oral 
glucose tolerance, the drinking water was replaced 
with a 50% glucose solution to groups of mice 23 days 
to 9 months of age. Serum glucose levels were deter- 
mined after 18--72 h when the occurrence of glueo- 
suria was also checked. 

The effect on the serum glucose level of handling 
and anaesthetizing the mice was studied separately. 
Groups of obese and lean mice, injected intraperitone- 
ally with 25 ml 0.9 per cent sodium chloride per kg 
body weight and anaesthetized with ether during the 
collection of blood, were compared with unanaestheti- 
zed, non-injected controls. Injection and narcosis did 
not result in significant changes of the serum glucose 
level in either the obese or the lean group (Fig. 2). 
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Fig. 2. The effect on serum glucose concentration of ether 
anaesthesia and saline injection in groups of 3 months old 
animals compared with unanaesthetized and non-injected 
controls. Mean values d= S.E.M. based on observations 
in 5 animals. �9 -- -- = obese unanaesthetized mice, 
�9 - -  obese anaesthetized mice, [] -- lean 
unanaesthetized and �9 - = lean anaesthetized mice 

The effect of insulin administration ("insulin toler- 
ance") was evaluated in mice at different ages by  intra- 
peritoneal injections of crystalline zinc insulin (Insulin 
Novo| Novo, Copenhagen, Denmark). The mice were 
allowed only water for 18 h prior to, and during, the 
experiment, and the insulin effect was evaluated by 
recording the number of mice exhibiting convulsions 
during a 5 h observation period at room temperature.  
In  the obese mice the serum glucose level was deter- 
mined 5 h after administration of 600 U insulin per kg 
body weight. To s tudy further the effect of exogenous 
insulin on serum glucose concentration, 5 - -6  months 
old obese and lean mice, fasted for 18 h, were given 5 U 
insulin per kg body weight. Another group of obese 
litter mates received 400 U per kg body weight. Blood 
samples were obtained before the injection and at 
regular intervals between 1 and 7 h afterwards. To 
evaluate the development of the high insulin tolerance 
intraperitoneal injections of 5 U insulin per kg body 

i i*  
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weight were given to groups of fed mice, some of which 
had  not  ye t  reached the age when they  could be classi- 
fied as lean or obese. Serum glucose levels were deter- 
mined  immedia te ly  before and  1 hour  after the injec- 
t ion  of insul in.  

Results 
The general  s tate  of heal th  among the mice was 

good, and  no epidemics or wide spread infections have 
been observed since the colony was established 8 years 
ago. Young breeding couples usua l ly  produced about  
9 siblings in  each l i t ter .  There was no not iceable 
difference in  this respect between the  proven hetero- 
zygous carriers of the syndrome and  those which appar- 
en t ly  lacked this gene. I n  the younger  age groups the 
spontaneous  death ra te  was low. Compared wi th  their  
lean l i t ter  mates,  the obese mice usual ly  had  & life span 
a few months  shorter, most  of t hem dying between 
20 and  24 mon ths  of age. 
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Age (months) 
Fig. 3. The body weights for obese and lean mice of dif- 
ferent ages. Mean values :E S.E.M. based on observations 
on between 8 and 88 animals. In  eases where the S.E.M. 
is not  indicated, it was smaller than  ~he symbol used to 
indicate the mean. �9 -- genetically future-obese 
males and females, �9 = obese males, �9 . . . . .  
obese females, A -- -- = lean males and females, O -- -- 

= lean males and [] . . . . .  lean females 

The body weights for the  obese and  lean mice of 
different ages are given in  Fig. 3. The m e a n  weights for 
the  obese mice were no t  different from those of the  b a n  
l i t ter  mates  un t i l  the mice were 26 days old (t = 3.00; 
P < 0.01). Some of the genet ical ly obese mice could 
al ready be dis t inguished by  subcutaneous  deposi t ion 
of fat  a t  this  early stage of the syndrome.  At  the  age 
of abou t  5 - - 6  mon ths  the m a x i m u m  body weight was 
reached for the obese mice and  then  remained  stable 
un t i l  t hey  were 13--17 months  old. At  this age there 
was a conspicuous decrease of the body  weight, so 
tha t  a t  abou t  20 mon ths  of age the ind iv idua l  obese and  
lean mice could no longer be dis t inguished according 
to weight. No reduc t ion  of the  body  weight  wi th  age 
was no ted  for the lean mice. Al though the obese mice 
displayed no weight differences between the two sexes, 
the male lean mice were heavier  t h a n  the female ones 

after the  body  weights had  reached the p la teau  values 
a t  abou t  3 - - 4  mon ths  of age (t = 4.28; P < 0.001 at  
4 months) .  

Serum glucose level; the mean  values for the serum 
glucose levels de te rmined  a t  abou t  8 &.m. bo th  in  fed 
mice, and  in  mice s tarved for 18 h, are given in  Fig. 4. 
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Fig. 4. Morning serum glucose levels in obese and lean 
mice of different ages with free access to food or after 18h 
starvation. Mean values -4- S.E.M. based on observations 
on between 6 and 41 mice. In  cases where the S.E.M. is 
not indicated, it was smaller than the symbol used to 
indicate the mean. Fed mice: �9 - = gene~ically fu- 
ture-obese males and females, �9 -- obese males, 
A -- -- = lean males and females, O -- -- = lean males. 
Starved mice: �9 . . . .  obese males and females, 
�9 . . . .  obese males, V . . . . .  lean males and 

females, [] . . . . .  lean males 
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Fig. 5. lmmunoreact ive serum insulin (m Fg mouse insu- 
lin per ml) in obese (@ ) and lean (O -- --) mice 
of different ages. Mean values 4- S.E.M. based on ob- 
servations on between 6 and 12 animals. I n  cases where 
the S.E.M. is not  indicated, it was smaller than  the 

symbol used to indicate the mean 

There was a greater var iab i l i ty  for the values obta ined  
in the obese mice, as is indica ted  by  the larger s tandard  
errors a nd  larger coefficients of var ia t ion.  Not  un t i l  the 
mice had  reached the age of 1 m o n t h  was the mean  
level of serum glucose higher in the  obese mice t h a n  in  
the lean l i t ter  mates  (t = 3.13; P < 0.001). Their  
hyperglycaemia  subsequent ly  increased, and  the hig h- 
est mean  value in the obese mice was ob ta ined  iD the 
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3 mon ths  old group.  Af te r  this  age the i r  hypcrg ly -  
caemia  decreased.  B y  the  t ime  the  mice were 7 mon ths  
old, the  difference be tween  obese and  lean animals  had  
d isappeared .  Previous  s t a rva t i on  of the  mice resu l ted  
in a lower serum glucose level  for bo th  the  obese and  
the  lean  animals .  Only  a t  2 and  3 mon ths  of age d id  
the  obese mice show higher  va lues  t h a n  the i r  lean 
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Fig. 6. Serum free fatty acids (m tzM per ml) in obese ( � 9  
- - - )  and lean ( 0  -- --) mice of different ages. Mean 
values -I- S.E.M. based on observations on between 5 

and I0 animals 

mean  va lue  was 5.3 =k 1.0 m Fg p e r m l  ( !  S.E.M) for 
6 gene t ica l ly  obese mice,  the  va lue  for 6 lean animals  
being below 0.6 m ~g per  ml.  

The serum insul in level of the  obese mice increased 
fur ther  up  to  6 mon ths  of age, when the  mean  va lue  
was no less t h a n  851 :k 149 m ~zg per  ml.  A t  the  age of 
8 months ,  when the  hype rg lyeaemia  h a d  d i sappeared ,  
the  serum insul in values  ob ta ined  were somewha t  
lower, b u t  st i l l  ve ry  high compared  wi th  the  lean con. 
trols .  I n  the  21 mon ths  old obese mice, the  insul in 
level had,  however ,  decreased cons iderab ly  to only  
17 4- 5 m ~g per  ml. 

Free fatty acids: no signif icant  differences in the  
mean  levels of serum free f a t t y  acids  were found  
be tween obese and  b a n  l i t t e r  ma tes  in a n y  age group.  
F o r  bo th  t ypes  of mice the  level  decreased progress ive ly  
a t  h igher  ages (Fig. 6). 

Glucose tolerance tests af ter  i n t r ape r i t onea l  admin-  
i s t r a t ion  are shown in Fig.  7. I n  p re l imina ry  tes t s  the  
peak  values  occurred be tween  10 and 20 min af ter  the  
injection�9 The curves ob ta ined  in the  different  age 
groups were, on the  whole, of s imi lar  shape for bo th  
types  of mice. I n  the  4 mon ths  old  obese mice there  
seemed, however ,  to  be a s l ight  i m p a i r m e n t  of the  glu- 
cose to lerance  as shown b y  the  slower in i t ia l  decrease 
of the  serum glucose level.  The  glucose to le rance  of 

60o t 600- 
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Fig. 7. Glucose tolerance tests (2.5 g per kg) in obese and lean mice of different 
ages. Mean values -4- S.]3.M. The number  of animals in each group is given 
below within brackets.  Obese mice: aged 2 months = y --  --  (8), 4 months = 
�9 . . . .  (8), 6 m o n t h s  = � 9  (7) and 13 months = � 9  �9 --  (7). Lean 
mice : aged  2 m o n t h s  = V --  --  (8), 4 m o n t h s  = O . . . .  (8), 6 months 

= [ ] ~ ( 7 )  and 13 months = A - -  �9 --  (3) 

controls  (t = 3.40; P < 0.01 respec t ive ly  t = 4.63; 
P < 0.001). 

The groups of 10 obese mice 1.5, 2, 4, 6, 8 mon ths  old  
respect ive ly ,  which were used in the  sys t emat i c  tes t  for 
the  presence of glucosuria ,  all showed nega t ive  reac- 
t ions.  Occasional ly,  however ,  some other  obese mice 
f rom the  colony showed pos i t ive  reac t ions  for gluco- 
suria.  

Serum immunoreactive insulin was de t e rmined  in 
fed obese and  lean mice a t  var ious  ages as is shown in 
Fig�9 5. The  obese mice a l r e a d y  showed an  increased 
serum insul in level  when 1 m o n t h  old. A t  th is  age the  

24 days  old mice, as eva lua t ed  f rom a single blood 
sample  ob ta ined  30 rain af ter  the  inject ion,  showed no 
significant difference in the  serum glucose levels of the  
obese and  the  lean l i t t e r  ma te s  (93 ~ 7 mg per  100 ml  
and  113 ~ 14 m g  per  100 ml  respect ive ly) .  The 
f requency  of glucosuria  was 5 out  of 5 in obese and  6 out  
of 10 in lean mice. 

Af te r  oral  glucose admin i s t r a t i on  a larger  propor-  
t ion  of the  obese mice in all age groups  showed glueo- 
suria (Table 1). I n  bo th  t ypes  of mice the  serum glucose 
level af ter  t r e a t m e n t  was a p p r o x i m a t e I y  the  same as in 
u n t r e a t e d  mice. 
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The "insulin tolerance", in  t e rms  of res is tance  
aga ins t  convulsions,  was much  more  p ronounced  in the  
5 m o n t h s  old  obese mice t h a n  in  the i r  lean  controls .  
A m o n g  the  l a t t e r  the  i n t r ape r i t onea l  in jec t ion  of 5 U 

Table  2 shows the  effect of insul in in lowering the  
blood sugar  in fed mice of different  ages. W h e n  5 U pe r  
kg  was given to bo th  obese and  lean  mice,  19 days  old, 
the  decrease in serum glucose was the  same. A t  27 days  

Table 1. Serum glucose levels (rag per 100 ml) and glucosuria in obese and lean mice of different ages when 50 per cent 
glucose was substituted for drinking water for varying periods. The frequency of glucosuria is presented as the number of 
animals showing a positive reaction in relation to the total number of each group. Serum glucose mean values 4- S . E . M .  

Initial values indicated with x are not those of the treated group but are taken from other animals 

Age 50 per cent Serum glucose (mg per 1O0 ml) Glueosuria 

glucose Before After 
supplied 
(hours) obese lean obese lean obese lean 

18--23 days 18 
25--28 days 18 
42 -- 43 days  18 
1 month 24 
3 months 24 
9 months 24 
2--  2.5 months 72 
6--  6.5 months 72 

98 4- 3 x 104 4- 11 x 124 4- 19 101 4- 4 6/10 8/33 
142 4- 11 x 141 4- 4 x 141 4- 11 131 4- 6 5/10 8/35 
162 :t: 11 x 142 4- 4 x 92 4- 16 74 4- 3 3/10 7/35 
160 4- 4 135 ~: 6 166 4- 32 122 4- 7 9/9 9/10 
318 4- 18 162 4- 10 352 4- 30 160 ~ 13 10/10 6/10 
170 ~: 25 160 4- 20 516 :~ 223 150 4- 8 9/9 6/10 
251 :k 16 x 151 4- 6 x 188 4- 38 77 :k 8 9/9 i ' 5/9 
233 ~ 16 x 133 4- 4 x 260 4- 34 153 4- 7 7/9 3/9 

c rys ta l l ine  zinc insul in  pe r  kg  b o d y  weight  resu l ted  
1 - - 4  h l a t e r  in convuls ions  in 67 per  cent  (6 an imals  
ou t  of 9), a n d  75 per  cent  (15 out  of 20) convulsed  when 
g iven  10 U per  kg.  I n  con t ras t ,  the re  were no convul-  
sions no ted  in t he  obese mice un t i l  t h e y  were g iven  
400 U per  kg (1 an imal  ou t  of 10). Af te r  a d m i n i s t r a t i o n  
of no t  less t h a n  600 U per  kg,  21 per  cent  of t he  obese 
mice (3 ou t  of 14) h a d  convuls ive  seizures beginning  
af te r  4 - - 5  h. The mean  se rum glucose level  5 h af te r  
th is  in jec t ion  was 27 • 6 rag per  100 ml. A t  th is  age 
b o t h  t y p e s  of mice recovered  wi thou t  supp ly  of exo- 
genous glucose. 

-2 150~~ 

1 2 3 4 5 6 7 Hours 
Fig. 8. Blood sugar lowering effect ot~ insulin in 5 - -6  
months old obese and lean mice. Mean values 4- S.E.M. 
based on observations on 9--10 mice in each group. 
Obese mice given 400 U per kg ( I  ) or 5 U per kg 
(@ --  - - )  and lean mice given 5 U per kg (O . . . .  ) 

As is a p p a r e n t  f rom Fig.  8, the  admin i s t r a t i on  of 
5 U insul in  pe r  kg b o d y  weight  was accompan ied  b y  
a fal l  of the  se rum glucose level  in the  obese mice also. 
W h e n  the  one hour  b lood sample  was t aken ,  3 of the  
lean mice showed convulsions.  A t  the  h igher  doses the  
obese mice d i sp l ayed  the  lowest  serum glucose values  
5 - - 7  h af te r  the  inject ions.  

Table 2. Serum glucose levels (rag per 100 ml) before and 
after administration of 5 U crystalline insulin per leg to 
obese and lean mice of different ages. The number of animals 
in each group is indicated within braclcets. Mean values 4- 

S . E . M .  

Age Animals Serum glucose 
(days) (mg per 100 ml) 

Before After  

19 ~: 1 o b e s e ( 6 )  98 4- 3 20 4- 4 
lean (14) 104 4- 11 20 4- 3 

27 4- 2 obese (12) 142 4- 11 68 4- 8 
lean (41) 141 4- 4 32 4- 2 

60 4- 3 obese (10) 262 4- 26 169 4- 13 
lean (10) 137 4- 6 76 4- 4 

of age, when the  level of serum glucose before in jec t ion  
was the  same in bo th  groups,  the  decrease was signif- 
i c a n t l y  g rea te r  for the  controls  (t = 5.5l  ; P < 0.001). 
I n  a group of 60 days  old mice, in which the  obese ani- 
mals  showed higher  in i t ia l  levels of serum glucose, the  
p o s t - t r e a t m e n t  va lue  was again  higher  for the  obese 
mice. The  decrease  was abou t  35 per  cent,  correspond-  
ing to  93 -4- 20 mg per  100 ml  for the  obese group,  
con t ras t ing  wi th  a p p r o x i m a t e l y  45 per  cent  and  61 
6 mg  per  100 ml for the  lean group.  The  abso lu te  fal l  in 
se rum glucose, when expressed  in mg per  100 ml, was 
thus  no t  different  for the  two t y p e s  of mice (t = 1.54; 
P > 0.05). 

The differences in insul in response be tween  the  
obese and lean  mice refer red  to  above,  a p p e a r e d  to  be 
a possible  w a y  to classify the  homozygous  animals  
before the  appea rance  of obesi ty .  The  mice could no t  
be sa t i s fac tor i ly  t e s t ed  before weaning age, as t h e y  
canno t  be i so la ted  f rom the i r  mothe r s  dur ing  a s tar-  
v a t i o n  period.  A group of 50 mice,  24 ~= 1 days  old, 
were s t a rve d  for 18 h and  in jec ted  in t r ape r i toneMly  
wi th  20 U crys ta l l ine  insul in  per  kg  b o d y  weight .  A t  
th is  ea r ly  age those  mice which convulsed  d id  no t  
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survive without intraperitoneal administration of extra 
glucose. Seven of the tested mice showed no convulsions 
and six of them turned out to be obese. One mouse, 
which convulsed during the test, later became obese. 
I t  should be emphasized tha t  it was only occasionally 
possible to identify a homozygous mouse at  the age of 
25 days by mere inspection and/or weighing. 

Discussion 

The development of the obese-hyperglycaemic syn- 
drome in the present colony differed in several respects 
from tha t  observed in other breeding stocks of this 
strain. Thus the increased mean body weight of the 
genetically obese mice was already apparent  when the 
animals were about  4 weeks old [cf. 23] ; also the max- 
imal body weight .was at tained at  an earlier age than 
described previously, although it did not reach such 
high values [19]. Furthermore,  a reduction of the body 
weight of older obese mice has so far not been reported 
for this particular strain. In  several other strains of 
genetically obese mice a corresponding decrease has 
been reported in old animals [3, 4, 6]. The variabili ty 
in the manifestations of the obcse-hyperglycaemic 
syndrome between different animai colonies may  be 
related to the diet [ef. 10]. This factor seems to be of 
particular importance for both the life span and the 
development of the body weight in obese-hypergly- 
caemic mice [19]. In  fact, maintenance of the body 
weights of obese mice at the same level as tha t  of lean 
controls has been reported to increase the life span of 
the homozygous animals considerably [19]. 

A comparison between the blood sugar level and 
the body weight at  different ages shows tha t  the 
occurrence of hyperglycaemia coincided approximately 
with the period of rapid weight gain, whereas a marked 
drop of the blood sugar occurred when the body weight 
had reached a constant level. A mean blood sugar level of 
above 300 mg per 100 ml at  the age of 3 months clearly 
demonstrates the disturbed carbohydrate metabolism 
in young mice. I t  must  be noted, tha t  despite marked 
hyperglyeaemia, spontaneous glucosuria was very rare 
under the present breeding conditions. Diabetic blood 
sugar levels have been observed repeatedly in this 
strain of mice, although the decrease at higher ages has 
not been reported previously [23]; on the other hand 
C~gIsToP~w [2] described a marked elevation of the 
blood sugar concentration in old obese mice. In  the 
present study, obese mice 7 months of age and over, 
had blood sugar levels similar to or lower than those 
of their lean controls. The normal fasting values of 
serum glucose observed in the obese mice after 5 months 
of age are in agreement with previous reports, indi- 
cating a marked dependence of the blood sugar level 
on the availability of food [23]. 

The increased levels of serum immnnoreaetive insu- 
lin early in the development of the syndrome were 
obviously insufficient for maintainanee of the blood 
sugar level within a normal range. The high serum 
insulin levels agree well with the finding of a consider- 

able hyperplasia of the islet B-cells in adult obese 
mice [13]. I t  is noteworthy, however, tha t  after 
7 months of age the persistent increase of serum 
immunoreactive insulin seemed to control effectively 
the blood sugar level. Furthermore,  when 21 months 
old, the obese mice displayed not only normal blood 
sugar values, but  also serum levels of immunoreactive 
insulin and body weights within the normal range. A 
decreased serum insulin-like activity was found in old 
animals by  C~RISTOPEE et al. [2]; but  these authors 
suggested tha t  this might signify an exhaustion of 
the B-cells, since they also observed a more severe 
hyperglycaemia. This hypothesis was not supported by 
the present study, in which a higher age seemed to be 
associated with an amelioration of the diabetic syn- 
drome. 

The extreme insulin tolerance displayed by the 
obese mice is a characteristic trai t  of the syndrome 
described repeatedly in the past  [23, 26]. I t  was found 
in the present study, however, tha t  even with relati~ ely 
low doses of insulin, 5 U per kg body weight, there was 
a decreased blood sugar level in the obese mice [cf. 26]. 
I t  has been discussed previously whether the excessive 
accumulation of fat  contributes to the marked insulin 
tolerance. Against this background it may  be noted 
tha t  the insulin insensitivity appeared at approxima- 
tely the same t ime as the overweight. This natural ly 
does not exclude the possibility tha t  an increased rate 
of fat  deposition in fact precedes the insulin tolerance. 
In  other studies homozygous mice, maintained at  a 
normal body weight by  a restricted food intake, showed 
a normal blood sugar response after administration of 
insulin Ill .  A recent observation of a high degree of 
insulin-degrading activi ty in  vitro by epididymal adi- 
pose tissue of obese mice may  also be of significance in 
this context [29]. 

A possible mechanism, affecting the changed insulin 
sensitivity of the obese mice, might also be an increased 
release of fa t ty  acids from the adipose tissue, which 
would be reflected in a high level of serum free fa t ty  
acids [cf. 25]. No support  for this view was found, 
however, in the present investigation; the level of free 
fa t ty  acids being approximately the same in the obese 
animals as in the controls. In  fact, studies in  vitro have 
shown tha t  incubated epididymal adipose tissue of 
adult obese mice has a decreased rate of fa t ty  acid 
mobilization [16, 30]. 

I t  emerged from the intraperitoneal glucose toler- 
ance tests that ,  at  least at 4 months of age, the obese 
mice displayed a tendency to impaired handling of an 
exogenous glucose load. The intraperitoneal route of 
administration was preferred to the oral in order to 
minimize individual differences in absorption. Previous 
studies in New Zealand obese and control mice showed, 
however, tha t  oral glucose feeding overnight resulted 
in more marked differences between the animal groups 
than  did intravenous tests [4]. Therefore it seemed 
reasonable to t ry  also this approach. In  this case the 
blood sugar levels provided no evidence for a disturbed 
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carbohydrate metabolism of the obese mice, although 
there was a higher percentage of glueosuria among 
these animals. This conforms well with the present 
observation of a somewhat increased frequency of 
glucosuria in 24 days old obese mice after intraperi- 
toneal glucose loading. Not even in the latter experi- 
ment was there, however, any marked difference in the 
blood sugar level between homozygous animals and 
their lean controls, despite an interval of only 30 rain 
between the glucose administration and the takinp, of 
the blood sample. Against this background, glucose 
tolerance tests seemed less feasible for the identification 
of young, but non-suckling, homozygous animals. DA- 
~IELSSOX et al. [5] have recently suggested, however, 
that  in suckling homozygous mice there was such a 
high frequency of glucosuria after intraperitoneal glu- 
cose loading that  it could be used for the diagnosis of 
the animals. 

I n  the search for an easy and reliable method to 
identify the individual homozygous mouse before the 
appearance of overweight, it seemed reasonable to 
evaluate whether their insulin tolerance could be used. 
Although in these experiments it was not possible to 
identify with absolute certainty the two types of mice, 
this test turned out to be fairly reliable at 23--25 days 
of age. This is, however, only about 3--4  days before 
it becomes possible to recognize obesity, and therefore 
is not of great usefulness. In  an approach to this 
problem FI~IED e t  a]. [8] suggested that  a different 
oxygen uptake of the obese and lean litter mates might 
be used as an indicator of the homozygous carriers of 
the syndrome. Despite a lower mean oxygen con- 
sumption between 14 and 28 days of age by those 
animals which later became obese, these differences 
were not sufficiently specific to allow classification of 
all the individual animals according to genetic trait. 

The first signs of the obese-hyperglycaemie syn- 
drome observed in the present animal colony were 
excessive accumulation of fat resulting in overweight, 
and high insulin tolerance. Some days later the serum 
insulin levels as well as the serum glucose values ap- 
peared significantly raised. Thus, after an initial appar- 
ently asymptomatie period coinciding approximately 
with the period of suckling, the various manifestations 
of the syndrome developed over a period of a few days. 
After body growth had ceased the abnormalities asso- 
ciated with the syndrome gradually disappeared. This 
triphasie development of the syndrome is compatible 
with the viewthat  diabetogenie factors are active mainly 
during a limited period early in the life of the obese 
mice. Furthermore, the findings stress, that  when these 
mice are used as models in experimental diabetes 
research, the age rather than the body weight should 
be used as an indicator of the stage of the syndrome. 
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