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Summary. The effect of goldthioglueose (GTG) obesity 
on development  of diabetes was invest igated in geneti- 
cally diabetic (KK) and normal  (ICR and C57BL) mice. 
GTG obesi ty intensified diabetic t ra i t s  in K K  mice from 
chemical diabetes to overt  diabetes,  as was a l ready 
demonst ra ted  in obesi ty induced by  either d ie tary  or 
genetical means. GTG obesi ty caused diabetic changes 
likewise in ICR mice as manifested by  hyperglycemia,  
glucosuria, hyperinsulinemia,  and depressed insulin sen- 
si t ivi ty.  In  vi t ro glucose oxidat ion was also decreased to 
about  half of the  unt rea ted  controls and became less sen- 
sitive to added insulin in the epididymal  adipose tissue 
from GTG-obese IC1% mice. Hyper t rophy  of pancreat ic  
islets associated with degranulat ion of B cells was also 
recognized in the  obese mice. By  contrast ,  either hyper-  
glycemia or glueosuria did  not  develop in GTG-obese 
C57BL mice, al though the other diabetic changes ob- 
served in GTG-obese ICR mice were induced bu t  only in 
lesser extents.  These results indicate tha t  mice inherit  
their  own diabetic potentials  and add further experimen- 
ta l  evidence for the concept t ha t  obesi ty accelerates the 
development  of diabetes.  

Induction d'altdrations diabdtiques par l'obdsitd due d 
l'aurothioglucose chez des souris K K ,  I C R  et  C57BL 

Rdsumd. L'effet de l 'obdsit6 due ~ l 'aurobhioglucose 
(GTG) sur le ddveloppement du diab~te a 6t6 6tudi6 
ehez des souris gdn6tiquement diabdtiques (KK) et chez 
des souris normales (ICR et C57BL). L'ob6sitd due 
l 'aurothioglueose aecentuai t  les sympt6mes diabdtiques 
chez les souris K K  et t ransformai t  leur diab~te chhnique 
en diabbte manifeste, comme cela a 6t6 ddj~ d6montr6 
dans l 'ob6sit6 provoqude soit par  le r6gime, soit par  
des moyens gdn6tiques. L'ob6sitd due ~ l 'aurothio-  
glucose provoquai t  6galement chez les souris ICR des 
air@rations diabdtiques qui se manifestaient  par  l 'hyper-  
glyc@mie, la glyeosurie, l 'hyperinsulindmie et  une 
sensibilitd diminude envers l ' insuline. L 'oxyda t ion  du 
glucose in vi tro dtai t  dgalement diminude de moiti6 environ 
par  rappor t  aux animaux non traitds, et dtai t  moins sen- 
sible ~ l ' addi t ion  d' insuline dans le tissu adipeux 6pidi- 
dymaire  de souris ICR rendues obbses par  l 'aurothio-  
glucose. Une hypert rophic  des riots panerdatiques assoeide 

une ddgranulation des eellules b@ta a 6bd 6galement 

eonstatde chez les souris ob~ses. Par  centre, on n 'a  pas 
constat6 d 'hyperglycdmie ni de glycosurie chez les souris 
C57BL obbses par  l 'aurothioglucose, bien que les autres 
al tdrat ions diabgtiques observdes chez les souris ICI~ 
ob@ses par  l 'aurothioglucose aient 6t6 provoquges, mais 
seulement ~ un moindre degrd. Ces rdsultats indiquent 
que les souris hdritent de leur propre potentiel  diabdtique, 
et appor tent  des preuves expfrimentales suppldmentaires 

l ' idde que l 'obdsitd accdl~re le ddveloppement du diabbte. 

Entwicklung von diabetischen Ver~nderungen im Ver- 
laufe der Goldthioglucose-T'ettsucht bei K K ,  I C R  and 
C57 B L  M~tusen 

Zusammenfassung. Die Einwirlmng der durch Gold- 
thioglucose induzierten Fe t t such t  auf die Entwicklung 
des Diabetes wurde bei heredit/ir diabetischen (KK) und 
normalen (ICR und C57BL) M/iusen untersucht.  Die Fe t t -  
sucht, welche dutch eine Goldthioglucoseinjektion er- 
zielt wurde, versehlimmerte die diabetisehe Stoffwechsel- 
lage bei den KK-M/~usen vom latenten Diabetes zum 
,,manifesten" Diabetes, wie dies schon bei der durch di/~- 
tetische oder genetische Ver~nderungen erzeugten Fe t t -  
sucht gezeigt wurde. ICR M~use mit  Fe t t such t  dutch 
Goldthioglucose entwickelten die typisehen Symptome 
yon Diabetes mellitus, wie t Iyperglyk~mie,  Glueosurie, 
Hyperinsulin/imie, Degranulat ion der B-Zellen in den In- 
seln des Pancreas eine geringere Empfmdliehkei t  gegen- 
fiber Insulin bei der Glucoseoxidation des Fet tgewebe in  
vitro. Eine Fe t t sucht  wurde auch bei den C57BL M/~usen 
naeh Goldthioglucose Injektiom entwiekelt,  aber weder 
Hyperglyk/imie noch Glucosurie wurden erzeugt, t rotz-  
dem entwickelten sich eine schleehte Glucosetoleranz, und 
eine t typerinsulin~mie mi t  geringgradigeren histologi- 
sehen sowie biochemischen Ver/~nderungen als bei den 
K K  und ICR M/iusen. Die vorliegenden Resultate ,  die bei 
den drei Mi~usest~mmen mi t  verschiedenen genetisehen 
Anlagen zum Diabetes beobachtet  wurden, unterstfi tzen 
das Konzept ,  daft die Fe t t sucht  die Entwieklung yon 
diabetisehen Symptomen beschleunigt. 

Key words: Goldthioglucose obesity, Hyperglycemia,  
Hyperinsulinemia,  Pancreat ic  islet, K K  mice, Strain 
difference, Resistance to insulin, Epid idymal  adipose tis- 
sue, Glucose oxidation, Lipogenesis. 

Introduction 

Our previous  papers  [1, 2] have  ind i ca t ed  t h a t  K K  
mice inher i t  a charac te r  for chemical  d iabe tes  which 
develops  in to  over t  d iabe tes  following the  deve lopmen t  
of obesi ty ,  induced  nu t r i t i ona l l y  b y  feeding a high 
caloric diet ,  or genet ica l ly  b y  in t roduc t ion  of the  yel-  
low obese Ay gene. I n  cont ras t ,  I C R  mice d id  no t  devel-  
op a n y  d iabe t ic  signs as a resul t  of mode ra t e  obes i ty  
following the  same  diet .  Our  exper imen t s  using K K ,  

C57BL and  the i r  hyb r id s  wi th  or wi thou t  the  yel low 
obese gene fu r the r  sugges ted  t h a t  congeni ta l  res is tance 
was de t e rmined  b y  severa l  genes inher i t ed  in K K  mice 
and  the  inher i t ed  genes were p r imar i l y  involved  in the  
d iabe t ic  t r a i t s  t h a t  were exaggera ted  b y  deve lopmen t  
of obes i ty  [3]. 

These resul ts  emphas ized  the  impor t ance  of two 
d iabe togenic  fac tors ;  one is a p red ispos i t ion  to  d iabe tes  
genet ica l ly  inheren t  in each s t ra in  (of mice) a n d  the  
o ther  is po t e n t i a t i on  of th is  b y  obes i ty  (ei ther  nu t r i t io -  
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nal  or genetic),  bo th  factors  are unfluenced b y  a t h i rd  
fac tor  of aging. As judged  f rom the  to lerance  tes t s  wi th  
glucose and  insulin,  genet ic  po t en t i a l i t y  of the  dia-  
bet ic  t r a i t  was h ighest  in K K  mice, much  lower in I C R  
mice and  lowest  in C57BL mice. H y p o t h a l a m i c  lesion 
wi th  goldthioglucose (GTG) is known  to induce re- 
m a r k a b l e  obes i ty  due to  hyperphag ia .  I n  order  to  
ob ta in  fu r the r  knowledge on the  i n t e rp l ay  of these two 
factors,  the  present  s tudies  have  been u n d e r t a k e n  to  
examine  the  effect of GTG- induced  obes i ty  on the  
deve lopmen t  of d iabe tes  in three  s t ra ins  of mice wi th  
different  d iabet ic  potent ia l .  

tent  was analyzed by  the combined methods of Gerson 
[9] and Abell et al. [10] after saponification. Triglycerides 
were also Muted with chloroform and determined by  the 
method of Van Handel  and Zilversmit [11]. Phospholipids 
were Muted with methanol  and analyzed for phosphorus 
as described by  King [12]. 

I n  vitro studies on glucose oxidation and lipogenesis: 
Epididymal  fat  pads weighing about  100 mg were placed 
into a 15 ml flask equipped with a central well. The flask 
contained 1 ml of Krebs-Ringer bicarbonate  buffer p H  
7.4, containing 20 ~mol of glucose (0.01 ~Ci of glucose-1- 
14C) and 2 mg of gelatin with or without  insulin (0.1 or 
1 mU/ml). The flasks were gassed with 95% 0 2 - - 5 %  
CO2 mixture,  capped with rubber stoppers and then in- 
cubated for 90 rain at  37~ with continuous shaking. 

Table 1. Effect of GTG treatment on body weight, blood glucose, glucosuria and food 
intake in  K K  m~ce 

Strain Group No. of Ini t ia l  Final  Blood Gluco- Food 
mice body wt.  body wt. glucose suria intake 

g g rag/100 ml g/day 

K K  GTG-obese 11 25•  a 36~0.2  b 3084-14 b 11/11 c 5.54-0.1 b 
Control 10 26•  31=h0.8 145~= 7 0/10 4.4~=0.1 

The mice were kept  on powdered CE 2 diet for 6 weeks after the intraperi toneal  
injection of GTG. 

a M •  S.E. 
b Significant (p > 0.001) compared with control. 
c Number  of mice showing glucosuria/number of mice tested. 

Experimental Methods 

Treatment of animals: Specific pathogen-free, male 
mice of KK,  ICI% and C57BL strains were used in these 
studies. K K  mice, derived from the original stock [4] and 
C57BL mice, introduced from National  Ins t i tu te  of Gene- 
tics, Japan,  arose from the inbred colony mainta ined in 
our laboratory.  ICR mice were purchased from CLEA 
Japan, Inc. The animals were weaned at the age of 3 
weeks and fed on a stock diet, No. CE 2 (Clea Japan, Inc.) 
ad l ibi tum throughout  the experimental  periods. The diet  
contains 56% nitrogen-free extract ,  24% protein and 
3.5% fat. 

Crystalline goldthieglucose (GTG) (Shering Co.), 
suspended in seasame oil, was injected intraperitoneally 
at 4 to 6 weeks of age. The dose was approximate to the 
LDs0 for each strain of mice, namely, 0.9 or 1.2 mg/g body 
weight for KK mice, 0.7 mg/g for ICI% mice and 1.0 mg/g 
for C57BL mice. After the administration of GTG, the 
surviving mice were placed in individual metal cages at a 
room temperature of 24 q- I~ for 6 to 26 weeks. Of the 
GTG-treated mice, the animals which showed obesity 
throughout the feeding period were used as GTG-obese 
mice for the present studies. In experiment shown in 
Table I, the mice were fed on the powdered chow CE 2 in 
order to facilitate daily measurement of food intake. 

Chemical procedures: Blood samples were obtained 
from the orbital  vein plexus with capil lary glass. Blood 
glucose was measured by  the glucose oxidaso method [5]. 

Plasma insulin was est imated as immunoreactive in- 
sulin (IR) [6] by  using an immunoassay Ki t  (Radiochemi- 
cal Center, Amersham, England).  

Liver lipids were extracted b y  Folch's  method [7] and 
were then separated into major lipid classes by means of 
thin layer chromatography [8] with a solvent mixture of 
petroleum ether, diethyl ether and glacial acetic acid 
(84: 15: i, v/v). Cholesterol esters and cholesterol were 
Muted with chloroform from silica gel powder. Both chol- 
esterol fractions were combined and the cholesterol con- 

At the end of incubation, 0.4 ml of Hyamine  solution 
(Packard Ins t rument  Co.) was injected into central well 
through the rubber  stopper.  Thereafter,  0.5 ml of 1 N 
H2SO ~ was added to the incubation mixture.  Evolved 
14CO2 was t rapped in the Hyamine  solution which was 
subjected to scintillation counting for rad ioac t iv i ty  [2]. 

For  determinat ion of lipogenesis, epididymal  fat  pads 
or liver slices were incubated in the same manner as des- 
cribed above, with the following modification; to the in- 
cubation mixture,  4 ~mol of sodium acetate-l-14C (1 ~Ci) 
and 20 ~mol of non-radioactive glucose were added in 
place of labeled glucose. After  the incubation, tissues were 
transferred into 3 ml of alcoholic K O H  and saponified 
for 3 h. F a t t y  acids were extracted with petroleum ether 
in the usual way and then subjected to measurement  of 
radioact ivi ty .  The details of the experimental  procedures 
were fully described in our previous papers [2, 13]. 

Histological procedures: The aldehyde fuchsin techni- 
que [14] was used to stain B granules in the islets of pan- 
creas fixed in Bouin's  solution. 

Results 

K K  mice: K K  mice receiving GTG showed a 
m a r k e d  increase in b o d y  weight ,  which could be ac- 
coun ted  for  by  e leva ted  food in t ake  (Table 1). These 
obese K K  mice were glucosuric and  hyperg lycemic .  
His to logica l  obse rva t ion  revea led  h y p e r t r o p h y  of pan-  
creat ic  is le t  and  degranu la t ion  of B cell f rom these  
mice. On the  o ther  hand ,  cont ro l  K K  mice d id  no t  
show any  change c l in ical ly  or pa thologica l ly .  

This  evidence ind i ca t ed  t h a t  obes i ty  secondary  to  
h y p e r p h a g i a  induced  the  same d iabe t ic  changes t h a t  
were seen in genet ica l ly  obese K K  (yellow K K )  [2] or 
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nutritionally obese K K  mice, fed on high caloric diet 
[ i ] .  

C57BL  mice: GTG administration resulted in 
development of obesity in C57BL mice, demonstrated 
by  marked increases in body weight and adipose tissue 
weight (Table 2). There was observed an elevation of the 
plasma insulin level (Table 2), concomitant with hyper- 
t rophy of pancreatic islets and degranulation of B cell. 
In  spite of these changes, neither glucosuria nor hyper- 
glycemia developed in these obese mice (Table 2). In  

(acetate/glucose ratio) would possibly exclude misinter- 
pretation of adipose tissue metabolism due to changes 
in cellularity resulting from hypertrophy.  The acetate/ 
glucose ratio of obese mice was much higher than tha t  
of controls irrespective of  the presence of insulin, 
suggesting tha t  glucose metabolism and insulin sen- 
sitivity might be decreased in comparison with lip0- 
genesis from acetate in the adipose tissue from obese 
mice (Table 2). The metabolic profile was similar to 
tha t  observed in adipose tissue from yellow K K  mice 

Table 2. Effects of GTG obesity on tissue weight, liver lipid content, plasma I R I ,  
blood glucose levels and insulin sensitivityoin C 5 7 BL  mice 

Control GTG-obese pa  
No. of mice 5 5 

Body wt., g 31 =0.9 a 43• < 0.001 
Epididymal 

adipose tissue wt., nag 546 • 44 1391 • 58 < 0.001 
Liver wt., g 1.44• 2.42=]=0.16 < 0.001 
Liver triglyeeride, mg/g 5.7• 58.6• <0.01 
Liver cholesterol, mg/g 2.0• 0.2 3.3• 0.3 < 0.01 
Plasma IRI ,  [zU/ml 21.4~3.4 110• < 0.01 
Blood glucose, rag/100 ml 1484-4 184• 10 < 0.02 
Lipogenesis from acetate-14Cb 

Liver slice 21.9 =< 1.5 41.0• 6.0 < 0.02 
Epididymal adipose tissue 

Insulin concn., t~U/ml 
0 (A) 19.3• 57.5• < 0.001 

10 s (B) 77.5• 119• 13 
Insulin effect (B)--(A) 58.34-22.2 61.6• 

(B)/(A) 3.9• 2.1=L0.3 
Glucose-i4C oxidation e 

Epididymal adipose tissue 
Insulin cohen., tzU/ml 

0 (C) 165• 17 49.3=[=2.6 < 0.001 
102 283• 65.8• < 0.001 
10 a (D) 351• 130=[=8 < 0.001 

Insulin effect (D)--(C) 1864-10 80.8-~8.1 < 0.001 
(D)/(C) 2.204-0.17 f2.67• 

Acetate/glucose ratio 
Insulin cohen., tzU/ml 

0 (A)/(C) 0.12• 1.17~=0.13 < 0.001 
l0 s (B)/(D) 0.22• 0.91• < 0.001 

GTG-obese C57BL mice wore kept for 26 weeks after the intraperitoneal in- 
jection of GTG. 

a M •  S.E. 
b mtzmoles of acetate-l~0 incorporated into fatty acids/100 mg wet tissue/90 rain. 
c mtimoles of glucose-14C oxidized to CO2/100 mg wet tissue/90 rain. 
a Probability of difference between control and GTG-obese mice. 

GTG-obese mice, the liver showed enlargement (as in- 
dicated by an increase in tissue weight) accompanied 
by  elevation of its cholesterol and triglyeeride con- 
tents (Table 2). Lipogenesis from radioactive acetate 
was also increased in the liver from obese mice Ta- 
ble 2). In  the adipose tissue from obese mice, there was 
a remarkable coexistence of active lipogenesis from 
acetate and lowered glucose oxidation (Table 2); 
metabolic activities were calculated on the basis of 
tissue weight. The ratio of lipogenesis from acetate 
relative to oxidation of glucose to carbon dioxide 

in the dynamic phase of obesity [2]. However, the in- 
sulin sensitivity of glucose oxidation by  adipose tissue 
was not so impaired in obese mice when they were 
compared with controls (Table 2). 

I C R  mice: There w~s a marked increase in body 
w e i g h t  in GTG-receiving ICR mice when compared 

with controls, but  one obese mouse (No. 6 ) w a s  dis- 
tinguished from the other obese mice by  a fall in body 
weight after the 16th week (Fig. 1). Some comments on 
this mouse will be made in the discussion. Obese ICR 
mice developed marked hyperglycemia at  16th week 
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after t reatment,  differing from C57BL mice receiving 
the same treatment.  

Table 3 shows clinical and biochemical data  of 
control and obese mice sacrificed at  20th week. In  
obese mice, there were observed similar changes to 
those found in obese C57BL mice; namely hyper t rophy 
of the liver and adipose tissue, and increased hepatic 
content of cholesterol and triglyceride (Table 3). They 
also showed elevated plasma I R I  levels compatible 
with the pathological findings in the pancreas (hyper- 
t rophy of islet and degranulation of B cell). 

metabolism might be preferentially reduced irrespec- 
t ive of the presence of insulin in adipocyte of obese 
mice with hyperglycemia. These metabolic profiles 
were previously reported in yellow K K  mice with 
obesity in the static phase, in which severe hyper- 
glycemia and hyperinsulinemia were established [2]. 

D i s c u s s i o n  

There are many  papers describing the development 
of obesity after experimental injury to the hypothala- 

Table 3. Effects of GTG obesity on tissue weight, liver lipid content, plasma I R I ,  
blood glucose levels and insulin sensitivity in ICJ~ mice 

Control GTG-obese 
No. of mice 4 3 

Body wt., g 45• 1.3 a 654-3.5 < 0.01 d 
Epididymal 
adipose tissue wt., mg 8034-103 22734-243 < 0.01 

Liver wt., g 2.4~0.1 4.8~:0.3 < 0.001 
Liver triglyceride, mg/g 7.7 -4- 0.9 73.3 4-16.7 < 0.01 
Liver cholesterol, mg/g 3.2 4- 0.4 11.8 ~: 2.2 < 0.01 
Liver phospholipid, mg/g 10.4 -4-1.0 10.8 4-1.6 
Plasma IRI ,  ~U/ml 37.04-4.1 280~=22 < 0.001 
Blood glucose, rag/100 ml 1334-4 354~= 73 < 0.02 
Lipogenesis from acetate-laC b 

Liver slice 32.5 • 3.8 40.9 ~ 4.1 
Epididymal adipose tissue 

Insulin concn., ~U/ml 
0 (A) 34.7q-4.1 29.1~2.9 

10 a (B) 2254- I0 175=L 11 < 0.05 
Insulin effect (B)-- (A) 191 4-14 146=[= 9 < 0.05 

(B)/(A) 6.8• 1.2 6.0=t=0.2 
Glucose-laC oxidation c 

Epididymal adipose tissue 
Insulin conch., ~U/ml 

0 (C) 72.74-8.6 35.9~:4.3 < 0.02 
102 1974-20 46.7~4.6 < 0.01 
108 (D) 2584-11 69.2={=12.2 <0.001 

Insulin effect (D)--(C) 1864-11 33.24-9.6 < 0.001 
(D)/(C) 3.644-0.35 1.924-0.25 < 0.02 

Acetate/glucose ratio 
Insulin conch., ~U/ml 

0 (A)/(C) 0.48-{-0.00 0.82=}=0.04 < 0.001 
102 (B)/(D) 0.88• 2.684-0.44 < 0.01 

GTG-obese mice were kept for 20 weeks after the 
GTG. 

intraperitoneal injection of 

a M__< S.E.  
b m~moles of acetate-ltC incorporated into fat ty acids/100 mg wet tissue/90 min. 

1 4  " ' e m~moles of glucose- C oxidized to CO2/100 mg wet tissue/90 rain. 
d Numbers in parentheses indicate probability of difference between control and 

GTG-obese mice. 

Lipogenesis from acetate was not elevated in either 
liver or adipose tissue from obese mice (Table 3). The 
insulin sensitivity of adipose tissue from the obese mice 
did not show the same degree of impairment  in lipo- 
genesis from acetate as in glucose oxidation (Table 3). 

The acetate/glucose ratio was much higher and 
more sensitive to the addition of insulin in the obese 
mice than  in controls. This suggested tha t  glucose 

mus [15--20]. I t  is now well established tha t  a single 
injection of goldthioglueose into normal mice causes 
lesions in the ventromedial hypothalamus,  often re- 
sulting in obesity secondary to hyperphagia. In  spite 
of the close association between obesity and diabetes 
mellitus seen in clinical practice and in genetically 
diabetic animals, there have been few papers re- 
porting the occurrence of diabetes in laboratory ani- 
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male with experimental hypothalamic lesions. Specifi- 
cally concerning GTG-obese mice, we have been able to 
find only one report previously published. Katsuki et 
al. [19] have demonstrated that  five of forty-four mice 
(ddN strain) receiving GTG exhibited impaired glu- 
cose tolerance, insulin resistance and obesity. Four 
of these showed transient hyperglycemia and glucos- 
uria under some specific condition such as cold stress 
or following the administration of cortisone. 

8 0 -  

GTG-obese* ./ . . . .  ~-~ .__~ 
~6o- (t)_~.../ ..-IE ..... ~ "--, 

~.-"~-'-u GTG-obese 
y: / /  /,~--- ~ (3) 

"~ L0 - ~.~'Y ~ .-I 800 
~ z ~ - -  Control (4) - .  ~ =  ,2 D45oo o 

200 o ~ E 

0 4 8 12 15 20 
Weeks afteE GTG-injection 

Fig. 1. Weight gains and development of hyperglycemia 
in GTG-obese ICR mice. Curves : Body weight. Columns 
= Blood glucose (I I: Control, V/7777]: GTG-obese). I 
Standard error of the mean. ( ) =  Number of animals. 

* = Data of a GTG-obese mouse (No. 6) 

obesity. The present findings on ICR mice may be the 
first indication that  a diabetic state can be produced in 
association with GTG obesity in a common laboratory 
m o u s e .  

Our previous studies showed that  ICI~ mice were 
metabolically quite normal although they were less 
tolerant to glucose than C57BL mice, but more toler- 
ant than K K  mice. Upon feeding high caloric diets, 
ICR mice manifested obesity but did not develop any 
diabetic signs except deterioration in glucose tolerance 
[1]. GTG obesity, when compared with nutritional 
obesity, was sufficient to induce hyperglycemia. 

In  GTG-obese C57BL mice, typical effects of obes- 
i ty  were seen (impairment of glucose tolerance and ele- 
vation of the plasma IRI  level). Many investigators 
[3, 22--26] have recorded that  the C57BL mouse is one 
of the normal strains so for examined. We also found 
this strain to be the least diabetic strain in our labor- 
atory [3]. 

Assuming that in tolerance to glucose indicates the 
diabetic potential of mice, the order of mice potential 
for diabetes can be ranked as K K > I C R >  C57BL. 
Table 4 indicates a relationship between diabetic po- 
tential and response to obesity. I t  is clear that  obesity 
accelerates or potentiates the age-dependent develop- 
ment of diabetes, the severity of which depends on the 
diabetic potential. Table 4 also shows that  GTG treat- 
ment that  caused more marked obesity, induced more 

Table 4. Effect of obesity on diabetic state 

Mice Genetical diabetic 
potential 

KK AY Diabetic + obese 
KK Diabetic 
ICR Normal a 
C57BL Normal 

in  mice with different diabetic potential 

Diabetic state 
Regular High caloric diet GTG 
chow moderate obesity obesity 

Overt Overt 
Chemical Overt Overt 
Normal Normal Overt 
Normal Normal Chemical 

a GTT. less tolerance. 

Our previous studies have demonstrated that  there 
is chemical diabetes in non-obese K K  mice [21] and 
overt diabetes, manifested by hyperglycemia, in obese 
K K  mice fed a high calorie diets [1, 13] or carried Ay 
gene (yellow obese) [2]. These observations suggest 
that  obesity either facilitates the development of gene- 
tic diabetes or increases penetration of diabetic genes 
inherited by this strain. This hypothesis was supported 
by our other experiments, in which the Ay gene failed 
to induce diabetes in hybrid mice (C57BL • KK) 
which should carry half of the diabetic genes of K K  
strain [3]. 

The present studies showed that  hyperglycemia 
developed not only in K K  mice but  also in ICR mice 
with persistent obesity induced by the injection of 
GTG. l~esults on K K  mice are not surprising but  ex- 
pected, because X K  mice are already known to develop 
overt diabetes following induction of nutritional 

profound and intense diabetic changes than simple 
dietary induction of obesity. 

The effect of obesity upon sensitivity to insulin 
appears to cause diabetic change leading to hyper- 
glycemia, because Salans e t a l .  [27] clearly demons- 
t rated impairment of glucose tolerance and insulin 
sensitivity of adipocytes La obese human subjects. In 
the present studies, GTG obesity induced hypertrophy 
of fat  pads and hyperinsulinemia in both ICI~ and 
C57BL mice. These observations may indicate depend- 
ence of obesity upon lipogenesis activated by insulin. 
Increased lipogenesis from acetate was confirmed with 
fat pads and liver from C57BL mice but  not with these 
from obese ICR mice, indicating that  obese ICI~ mice 
were in the static phase of obesity, during which lipo- 
genesis might return to the normal level at the time of 
sacrifice. Lowered effectiveness of insulin action was 
present in obese ICR and C57BL mice, since the in- 
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sulinogenie index was increased in both obese mice. I t  
is very interesting tha t  impairment  of insulin sensiti- 
v i ty  was remarkable only in fat  pads from obese ICR 
mice with hyperglycemia. Therefore, our experimental 
results support  the hypothesis proposed by  Bierman 
and Porte [28] and Cahilt et al. [29] tha t  coexistence 
of "well-in~ulinized liver" and "diabetic periphery" is 
important  for development of obesity or diabetes ac- 
companying obesity. 

When diabetes is assumed to be elevation of blood 
glucose due to lowered effectiveness of insulin, its 
onset may  depend on the severity of obesity and con- 
genitally determined hormone sensitivity. Previously, 
we confirmed in K K  mice tha t  the genetically impaired 
sensitivity to insulin was important  in the develop- 
ment  of diabetes induced by  obesity [13]. Similar 
mechanism can be proposed for the difference in the 
response to GTG obesity of the two commercial mice, 
ICR and C57BL. 

Observations on a mouse (No. 6) in GTG-obese 
ICR mice are noteworthy. The mouse showed more 
advanced signs of diabetes. I t  reached a maximum 
weight of 73 g 12 weeks after the administration of 
GTG and the weight declined to 55 g a t  the t ime of 
sacrifice. Blood glucose level was extremely high 
(712 rag/100 ml), but  plasma insulin level low (45 vU] 
ml) when sacrificed. Pancreatic islets displayed degen- 
erative changes as manifested by  reduction in both 
islet size and number  of B cells. These points indicate 
tha t  hyperglycemia resulted from insulin deficiency in 
this mouse. Hypoinsulinism could explain other 
changes observed in the mouse, such as reduction of 
body weight and adipose tissue weight (630 mg), and 
lowered lipogenesis by liver and adipose tissue (2.8 and 
2.0 m~mol of aeetate-l-14C incorporated into fa t ty  
acids/100 mg wet tissue/90 rain, respectively). From 
these findings, it is postulated tha t  this mouse might 
have been endowed with an exceptionally tow potential 
of the pancreatic B cell to survive against some ex- 
haustive condition. Usually the pancreas synthesizes 
and secretes a large amount  of insulin to compensate 
for lowered insulin sensitivity in the periphery second- 
ary to the effect of obesity, demonstrated in the other 
obese ICR mice cited in Table 3. This pat tern resemb- 
les the more advanced lesions observed in human dia- 
betes mellitus. 

Acknowledgements. The authors thank Dr. Z. Suzuoki 
and Dr. H. Iwatsuka for their continuing support and 
invaluable adviees. The excellent help of Mr. K. Furuno 
and Mr. K. Shimakawa with the animal care is gratefully 
acknowledged. 

The authors would like to thank the editors of I)ia- 
betologia for editing their manuscript. 

References 

1. Matuso, T., Shino, A., Iwatsuka, H., Suzuoki, Z.: 
Induction of overt diabetes in K K  mice by dietary 
means. Endoer. jap. 17, 477--488 (1970). 

2. Iwatsuka, H., Shino, A., Suzuoki, Z. : General survey 

of diabetic features of yellow K K  mice. Endocr. jap, 
17, 23--35 (1970). 

3. Matsuo, T., Shino, A., Iwatsuka, H., Suzuoki, Z.: 
Studies on diabetogenlc action of obesity in mice: 
Congenital insulin resistance of K K  mice. Endocr. jap. 
17, 535--540 (1970). 

4. Kondo, K., Nozawa, K., Tomida, T., Ezaki, K.: In- 
bred strains resulting from Japanese mice. Bull. exp. 
Animals 6, 107--112 (1957). 

5. I-Iuggett, A.St.G., l~ixon, I).A.: Use of glucose oxi- 
dase, peroxidase and o-dianisidine in determination of 
blood and urinary glucose. Lancet 1957 II, 368--370. 

6. Hales, C.TN., Randle, P.J . :  Immunoassay of insulin 
with insulin antibody precipitate. Biochem. J. 88, 
127-- 146 (1963). 

7. Folch, J., Lees, M., Sloane Stanley, G.H.: A simple 
method for the isolation and purification of total 
lipides from animal tissues. J. biol. Chem. 226, 497-- 
509 (1957). 

8. Vogel, W.C., I)oizaki, W.M., Zieve, L.: Rapid thin- 
layer chromatographic separation of phospholipids 
and neutral lipids of serum. J. Lipid 1%es. 3, 138-- 140 
(1962). 

9. Gerson, T.: The determination of cholesterol and 
coprostanol in faecal lipids. Biochem. J. 77, 446--448 
(1960). 

10. Abell, L.L., Levy, B.B., Brodie, B.B., Kendall, F. E. : 
A simplified method for the estimation of total chol- 
esterol in serum and demonstration of its specificity. 
J. biol. Chem. 195, 357--366 (1952). 

11. Van I-Iandel, E., Zilversmit, I).B.: Micromethod for 
the direct determination of serum triglycerides. J. 
Lab. clin. Med. 50, 152--157 (1957). 

12. King, E.J .  : The colorimetrie determination of phos- 
phorus. Biochem. J. 26, 292--297 (1932). 

13. Matsuo, T., Iwatsuka, H., Suzuoki, Z.: Metabolic 
disturbance of K K  mice in overt diabetes. Endocr. 
jap. 18, 501--506 (1971). 

14. Gomori, G. : A new stain for elastic tissue. Amer. J. 
clin. Path. 20, 665 (1950). 

15. Marshall, N.B., Barrnett, R.I~., Mayer, J. : Hypotha- 
lamic lesions in goldthioglucose injected mice. Proc. 
Soe. exp. Biol. 90, 240--244 (1955). 

16. Liebelt, 1%.A., Perry, J .H. :  ttypothalamic lesions 
associated with goldthioglucose-injeeted obesity. 
Proc. Soc. exp. Biol. 95, 774--777 (1957). 

17. Liebelt, 1%. A., Perry, J. }t., Sekiba, K., Liebelt, A. G. : 
Genetic susceptibility to goldthioglucose-induced 
obesity in mice. Proc. Soc. exp. Biol. 104, 689--692 
(1960). 

18. I-Iales, C.N., Kennedy, G.C.: Plasma glucose, non- 
esterified fatty acid and insulin concentrations in 
hypothalamic-hyperphagic rats. Biochem. J. 90, 
620--625 (1964). 

19. Katsuki, S., Hirata, Y., }torino, M., Ito, M., Ishimoto, 
M., Makino, N., Hososako, A.: Obesity and hyper- 
glycemia induced in mice by goldthioglucose. Dia- 
betes 11,209--215 (1962). 

20. Malaisse, W.J.,  Malaisse-Lagae, F., Coleman, D.L.: 
Insulin secretion in experimental obesity. Metabolism 
17, 802--807 (1968). 

21. Iwatsuka, H., Matsu0, T., Shino, A., Suzuoki, Z.: 
Metabolic disturbance of K K  mice in chemical dia- 
betes. J. Takeda Res. Lab. 29, 685--692 (1970). 

22. Fenton, P.F., Carr, C.J. : The nutrition of the mouse. 
XI.  Response of four strains to diets differing in fat 
content. J. Nutr. 45, 225--233 (1951). 

23. Fenton, P.F., Carr, C.J.: I)owling, M.T.: Studies on 



Vol. 8, No. 6, 1972 T. Matsuo and A. Shino: Induct ion of Diabetic Alterations 397 

obesity. I. :Nutritional obesity in mice. J. /qutr. 49, 
319--331 (1953). 

24. Adams, J .T. ,  Tiros, P.A.,  Weir, J .A.  : Metabolism of 
glucose by C57BL/6 mice. Alner. J. Physiol. 213, 
231--234 (1967). 

25. Nakamura, M., Yamada, K. : Studies on diabetic (KK) 
strain of the mouse. Diabetologia 3, 212--221 (1967). 

26. Lavine, R.L.,  Chick, W.L.,  Like, A.A.: Glucose 
tolerance and insul in  secretion in neonatal  and adult  
mice. Diabetes 20, 134-- 137 (1971). 

27. Salans, L.B., Knit t le,  J .L. ,  Hirsch, J . :  The role of 
adipose cell size and adipose tissue insulin sensitivity 
in the carbohydrate intolerance of human obesity. J. 
clin. Invest.  47, 153--165 (1968). 

28. Bierman, E.L.,  Porte, D., Jr. : Carbohydrate intoler- 
ance and lipemia. Ann. intern. Med. 68, 926--933 
(1968). 

29. Cahfll, G.F.,  Jr., Jones, E.E. ,  Lauris, V., Steinke, J., 
Soeldner, J.S. : Studies on experimental diabetes in 
the Wellesley hybrid mouse. II .  Serum insulin levels 
and response of peripneral tissue. Diabetologia 3, 
171--174 (1967). 

T. Matsuo 
Biological Research Laboratories 
Central Research Division 
Takeda Chemical Industries, Ltd. 
Juso, Higashiyodogawa-ku, Osaka, 
Japan 


