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Diabetes in the KK Mouse 
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Summary. Glucose tolerance was abnormal in many 
male K K  mice studied although fasting blood sugars were 
generally n o r m a l  Glucosuria of K K  mice was intermit tent  
and nonfasting blood sugar was elevated in some. Plasma 
insulin of nonfasted K K  mice was 10--100 times that  of 
nondiabetic mice and pancreatic insulin was 50% higher 
than that  of control mice. The diaphragm and fat pads of 
K K  mice were insensitive to insulin in vitro. The baseline 
glucose uptake by diaphragm muscles of K K  mice was 
normal, whereas baseline glucose oxidation by adipose 
tissue was significantly lower in tissue from K K  mice. 
Limited diet lowers plasma insulin and body weight and 
restores the adipose tissue sensitivity to insulin. I t  is pos- 
tulated that  diabetes in the K K  mouse is due to decreased 
sensitivity of fat and muscle to endogenous insulin and to 
increased food intake which results in an increased demand 
for insulin. The pancreas responds to this demand by 
increased insulin secretion and elevated plasma insulin, 
and as this condition continues, islet hypertrophy results. 
Continued inbreeding of K K  mice produced animals with 
fewer abnormalities. Fourth to seventh generation ani- 
mals derived from inbreeding offspring from I~:K • C57 
BL/6J mice exhibited relatively large numbers of abnor- 
mal animals. 

Le diab~te de la scurfs K K  
Rgsumg. La tol6rance au glucose est anormale ehez 

beaueoup de scurfs males K K  bien que le taux du sucre 
sanguin ~ jeun soft g4n6ralement normal. La glueosurie 
des scurfs K K  est intermit tente et le sucre sanguin des 
scurfs non soumises au jefine est 41ev4 chez certaines 
d'entre elles. Le taux d'insuline plasmatique des scurfs 
K K  non soumises au jefme est i0 k 100 fois plus 61ev6 
que ce]ui des scurfs non-diab6tiques et l ' insuline pan- 
cr4atique est 50% plus 41evde que eelle des scurfs t4- 
moins. Le diaphragme et le tissu adipeux des scurfs K K  
sont insensibles ~ l ' insuline in vitro, la captation de base 
du glucose par le muscle diaphragmatique des scurfs K K  
est normale tandis que l 'oxydation de base du glucose par 
le tissu adipeux est significativement plus basse darts le 
tissu obtenu des scurfs KK.  Un  r4gime ealorique limit4 
abaisse le taux d'insuline plasmatique et le poids cor- 
porel; de m6me qu'il  r4tablit une sensibilit4 normale du 
tissu adipeux ~ l'insuline. I1 est postul4 que le diab@te des 

scurfs K K  est dfi ~ une diminution de la sensibilit4 du 
tissu adipeux et du muscle ~ l ' insuline endog@ne et ~ une 
augmentation de la prise alimentaire qui a pour r4sultat 
une augmentation de la demande en insuline. Le pan- 
cr6as r@ond k eette demande par une augmentation de la 
s4er4tion d'insuline et par des taux insuliniques glev4s et, 
pour autant  qne ees conditions persistent, une hyper- 
throphie des riots de Langerhans en r4sulte. La repro- 
duetion consanguine des scurfs K K  a produit des animaux 
pr4sentant seulement quelques anomalies. Les animaux de 
la 4e jusqu'~ la 7e g4n4ration d4riv4s de souche consan- 
guine I~:K • C57 BL/6J pr6sentent un nomhre relative- 
ment grand d 'animaux anormaux. 

Diabetes beider KK-Maus  
Zusammenfassung. Trotz gegeniSber der Norm um 

50% erhShtem Pankreasinsulingehalt and  10--100-fach 
erhShter Plasmainsulinkonzentration zeigten die KK-  
l~I~use der untersuehten Population intermittierende Gly- 
kosurie. Bei zahlreichen Tieren war die Glueosetoleranz 
trotz normaler Niichternblutzuekerwerte vermindert.  In  
vitro sprachen weder das Zwerchfell noeh das epididymale 
Fettgewebe der KK-~C[~use auf Insulin an. In  Abwesen- 
heft yon Insulin war die Glueoseaufnahme der Zwerch- 
fellmuskeln normal, wogegen die Glucoseoxidation im 
Fettgewebe yon KK-M/iusen gegeniiber der Norm deut- 
lich erniedrigt war. Kalorienrestriktion hatte ein Ab- 
sinken der Plasmainsulin-Konzentrationen und des K6r- 
pergewiehts zur Folge und stellte die Insulinempfindlich- 
keit des Fettgewebes wieder her. Die Autoren nehmen an, 
dal~ der ]Diabetes der KK-Maus auf eine Verminderung 
der peripheren Insulinempfindlichkeit sowie flbermal~ige 
CMorienaufnahme zuriiekzufiihren sei. Die Hyperinsuli- 
nemie und die Hypertrophie der Langerhans'schen Inseln 
des Pankreas werden als Konsequenzen des erh5hten In- 
sulinbedarfs aufgefal~t. Kontinuierliche Inzucht  yon KK-  
M~usen vermindert die H~uiigkeit yon Stoffweehselano- 
mMien, dagegen wurde sie durch Kreuzung yon KK-M~u- 
sen mit  einem Stature yon normalen Tieren ab der 4. Ge- 
neration deutlieh gesteigert. 

Key-words: Spontaneous diabetes, t~K mice, insulin, 
resistance to insulin, diet and sensitivity to insulin. 

Introduction 

The K K  strain of mouse was one of a series devel- 
oped by  Kondo  [4] and  some of the characteristics of 
diabetes in  this s t ra in  have been described by  Naka- 
mura  [7, 6, 8]. I t  was concluded b y  N a k a m u r a  [8] t ha t  
the inher i tance of diabetes in  this mouse was probably  
polygenie. However,  But ler  [i] has postula ted tha t  
diabetes in  the K K  mouse is the result  of a single 
dominan t  gone with reduced penetrance which may  be 
a result  of a recessive modifier gene. I t  should be 
emphasized the genetics of diabetes in  the K K  mouse 
is no t  completely understood.  Due to the possible corn- 

plexi ty  of the mode of inher i tance and  var ia t ion  in  
degree of homozygosi ty of genetic factors responsible 
for the abnormali t ies  in  this s t ra in of mouse, one finds 
considerable var ia t ion  in  body weights, plasma insu- 
lins, blood sugars and  other endpoints  characteristi-  
cally used in  defining the diabetic syndrome. Because 
of this wide variat ion,  we have arbi t rar i ly  chosen those 
K K  mice for s tudy  which were obese (body weight 
of greater t h a n  40 g) and  which had plasma insulins 
of a t  least twice normal.  

This paper  describes studies on a var ie ty  of phys- 
iological and  biochemical parameters  of the K K  mouse 
and  the effects of l imit ing diet. 
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Methods 

All K K  mice used in these studies were m~les raised 
from the Upjohn colony of the K K  mouse derived 
from the breeding stock obtained from the Central 
Laboratories for Experimental Animals in Japan. Sev- 
eral types of nondiabetic animals have been used for 
comparison and these include Upjohn Rockland, C57 
BL/6J and CBAJ. These nondiabetic animals have 
shown similar results except some (CBAJ) had slightly 
higher body weights and plasma insulins. The C57 
BL/6J 's  and CBAJ's were obtained from the Jackson 
Laboratories in Bar l~arbor, Maine. In  all cases non- 
diabetic animals were matched with K K  mice so that  
they were of comparable age and sex. Food in all cases 
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were also obtained from the orbital sinus [9] at 30, 60 
and 120 min following injection of glucose. In  others, 
blood sugars and plasma insulins were measured 2 h 
following a 2 g/kg intraperitoneal glucose load. Blood 
sugars in all eases were measured by the micro Auto- 
Analyzer method. Plasma insulins were determined by 
a double antibody method [5] as described previously 
[2] and pancreatic insulin was measured on several 
dilutions of an acid alcohol extract of the pancreas by 
the double antibody procedure. Food intake was meas- 
ured by an inexact method and no attempts were made 
to collect wasted food since it was assumed that  the ani- 
mals would waste an equivalent percentage of food. 
Food was measured on the individual animals which 
had been placed separately in small compartments 
produced by stainless steel dividers in plastic cages. 
Food was measured at intervals of 4--5 days by differ- 
ences in initial and final weight. 

Adipose tissue response to insulin was studied by 
described methods [3] in which glucose-l-z4C oxidation 
by epididymal adipose tissue was studied in vitro over 
a 90-min period. Glucose uptake by cut diaphragm 
muscle was measured in vitro following incubation for 
90 rain [10]. Insulin response of diaphragm was deter- 
mined by incubating whole diaphragms in the presence 

Table 1. Food intake of C57BL/6J  and K K  mice. Age at 
start of study 6-- 8 too. Duration of measurements ~ mo 

GLUCOSE NO. Type mouse Average daily food intake 

3'0 6b do (g) 
TIME - MINUTES 13 C57BL/6J 2.4=[=0.01 

Fig. 1. Glucose tolerance of KK and Upjohn mice follow- 12 KK 3.4=]=0.01 a 
ing 2 g/kg of glucose intraperitoneally 

I = Standard error of mean; ( ) = Number of animals, a = p < 0.01. 

Table 2. Pancreatic insulin of K K  mice and Upjohn Rockland mice a 

No. Type Blood sugar Plasma insulin Pancreatic insulin 
(rag ~o ) (~U/ml) (U/g tissue) 

5 Rockland 168~: 19 181• 26 2.904-0.1 
5 KK 171 ~: 13 4884-203 b 4.37-4-0.5 b 

a Age -- 3 ~ months. 
b P < 0.01. 

was Purina Breeder Chow. Some of the mice used in 
these studies were obtained from inbred offspring de- 
rived from K K  and C57 BL/6J 's  crossed in Dr. L. But- 
ler's laboratory, University of Toronto. His mice were 
made avaiable to our laboratories and inbreeding was 
continued through the 7th generation. Throughout 
these studies these animals are referred to as Toronto 
mice and they are defined as those of a specific genera- 
tion. 

Glucose tolerance tests were done in animals which 
were fasted overnight (about 18 h) and then injected 
with glucose at a dose of 2 g/kg intraperitoneally im- 
mediately following a zero hour blood sample. Bloods 

and absence of insulin. In  the limited diet study, ani- 
mals were either given food ad libitum or were placed 
on a limited diet of 2.5 g of food per day. In  studies on 
limited diet one food pellet of 2.5 g was given to each 
animal during a 24-h period. The limited diet was con- 
tinned for 3 months and at the end of this regime glu- 
cose oxidation by adipose tissue, blood sugars and 
plasma insulins were measured. Blood sugar, plasma 
insulin and body weights were measured on some To- 
ronto F 4 generation mice at 3, 4 and 9 months of age. 
Animals from the 6th and 7 th inbred generations de- 
rived from the above cross were obtained in the 
Upjohn Laboratories by continued inbreeding and 
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b lood  sugars  and  p l a sma  insulins were measured  on 
these animals  a t  2 - - 5  mon ths  of age. 

Results 

Glucose to lerance  of K K  mice was genera l ly  de- 
creased a l though  K K  mice m a y  exh ib i t  no rma l  tol- 
erance to  a glucose load. A l though  in these s tudies  

6 - - 8  months  of age a t  the  in i t i a t ion  of the  l imi ted  die t  
regime and  10- -12  mon ths  of age a t  the  t e rmina t ion  
(Table 1). 

Panc rea t i c  insul in and  p l a sma  insul in were signifi- 
c an t l y  e l eva ted  in  m a n y  b u t  no t  all  K K  mice (Tables 2 
and  6). I t  should  be no ted  t h a t  non~asted blood sugars 
a l though  no t  cons is ten t ly  e l eva ted  (Tables 2, 3, 4, 7, 8, 
10 a n d  11) were e leva ted  in some animals  (Tables 5, 

Table 3. Plasma insulin and blood sugar of fed and fasted K K  and C57 BL/6J  mice 

No. Type Body Blood sugar Plasma insulin 
animal weight 4- S.E. 4- S.E. 

fasted a fed b fasted fed 

26 C57BL/6J  27:[:0.6 874-3 174~3 c 16:[:2 52:[: 3 c 
17 K K  474-1.4 a 104:[:4 160~=5 c 52:[:8 2i94-43 c 

a Age --  6- -7  months.  
b Age --  5 - -7  months.  
c p <  0.01 compared to fasted. 
a p < 0.01 compared to C57B1/6J. 

Table 4. Blood sugars and plasma insulins of K K  and C57 BL/6J  mice when fed or 
during 2-h I .P .  glucose (2 g/kg) tolerance test ( G T T )  

No. Type Body weight Fed  2-h GTT 
animal  Fas ted  Fed Blood Insulin Blood Insulin 

sugar sugar 

Young animals (2 ]/2 -- 31/2 months) 
12 C57BL/6J  23:[:0.3 29:[:0.5 166•  31:[: 2 124:[:-5 38~-4 
11 K K  294-1.1 a 364-1.7 a 1 5 3 i 8  42:[: 6 132:[:5 46:[:5 

Older animals (> 5 months) 
8 C57BL/6J -- 30:[:1.1 158:[:6 48:[: 4 155:[:9 11:[:5 

17 K K  -- 47-4-1.4 a 160:[:5 219-4-43 a 191-4-9 b 71~8  a 

a p < 0.01 compared to C57BL/6J.  
b p < 0.025 compared to C57BL/6J.  

Table 5. Blood sugar, plasma insulin and response of adipose tissue to insulin in vitrod 

Type No. Blood sugar Plasma insulin 
mouse (rag%) (~zU/ml) 

Glucose- 1-14C oxidation 
(CPM/100 mg tissue) 
No insulin Insulin 

(250 ~V/ml) 

C57BL/6J  12 167:[:4.8 14.74- 1.7 10284-85 a 2562=J= 401a, b 
and CBAJ 
K K  10 1824-4.4 c 147 4-36.9 c 440:[:51 5724- 57 

P < 0.01 compared to KK.  
b p < 0.0i compared to no insulin. 
e p < 0.0i compared to C57BL/6J and CBAJ. 
d 7--  11 months of age. 

fas t ing blood sugars  were only  s l i gh t ly  e leva ted  in the  
K K  mice wi th  the  a b n o r m a l  tolerance,  the  glucose 
levels r ema ined  e leva ted  for a t  leas t  2 h following the  
I . P .  in jec t ion  of glucose (Fig. 1). 

F o o d  in t ake  of K K  mice was e l eva ted  s ignif icant ly  
when measured  over  a 4 -month  period.  The K K  mice 
a te  an  average  of 3.4 g / d a y  as compared  to  2.4 g / d a y  
for the  C 57 BL/6J ' s .  The animals  in th is  s t u d y  were 

6 and  10). Panc rea t i c  insul in was grea te r  t h a n  4 Uni t s /g  
wet  weight  of t issue in the  K K  mice as compared  to  
2.9 Uni t s /g  in the  U p j o h n  Rock land  mice. Blood sugar  
in  these animals  was essent ia l ly  normal ,  whereas  plas- 
m a  insulin was a p p r o x i m a t e l y  2.5 t imes  higher  t h a n  
no rma l  (Table 2). P l a s m a  insulins v a r y  cons iderably  in 
the  K K  mice a l though  in m a n y  i t  is > 2000 ~Uni t s /ml  
of p l a sma  (Tables 2,5 and  10). P l a sma  insulin was 
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higher  in  fed K K  or C 57 B L / 6 J  mice t h a n  in fas ted  
an imals  of the  same s t ra in .  F a s t e d  p l a sma  insul in  of 
K K  mice was higher  t h a n  those  of the  no rma l  mice 
(Table 2). Young  K K  mice f r equen t ly  have  only  a 
s l ight  increase in p l a sma  insul in (Tables 4 and  6) al- 
t hough  no t  a lways  (Table 10). Two hours  fol lowing a 
glucose load  the  p l a sma  insulins of older  K K  and  non- 
d iabe t ic  mice were s imilar  to  levels observed  in fas ted  

sugars  and  p l a sma  insulins were s ignif icant ly  e l eva t ed  
(Table 5). I n  an  effort to  find the  age a t  which insensi t iv-  
i t y  of insul in occurs, adipose t issue response to  insul in 
was carr ied  ou t  on t issues f rom 30-day and  6-week o ld  
K K  mice. I n  animals  of these ages, the  basel ine glu- 
cose ox ida t ion  a l though  higher  t h a n  t h a t  of the  t issues 
f rom older  an imals  was s ignif icant ly  decreased com- 
pa red  to  basel ine glucose ox ida t ion  b y  adipose t issue 

Table 6. Response of adipose tissue from nonfasted 30 day old K K  and C57 mice to 
insulin in vitro 

Type No. Blood Plasma Body Glucose-l-14C oxidation 
mouse sugar insulin weight (CPM • 10a/100 mg tissue) 

(rag%) (~U/ml) (g) No insulin Insulin (250 [,U/ml) 

C57 6 1404- 8 10.34-1 154-0.3 54~:12.7 184~36.8 c 
K K  6 174•  a 20.2+2b 224-0.5b 8.6 -t- 0.7 a 294- 6.0 c 

a = P < 0 . 0 5  
b = P < 0 . 0 1  
c = P < 0 . 0 1  

between C57 and K K .  
between C 57 and KK.  
between insulin effect on tissues of K K  and C 57 mice. 

Table 7. Response of adipose tissue to insulin, body weights, blood sugar and plasma 
insulin of 6 weelc old K K  and C57 B L / 6 J  mice 

No. Type Blood Body Plasma Glucose- 1-14C oxidation 
sugar weights Insulin (CPM/100 mg tissue • 10 ~) 
(mg~o) (g) (~xU/ml) 

0 insulin 250 txU insulin 
6 C57 157~c3 184-t-0.8 184-1 17.7=t=3.5 51.9~=9.5a,d 
6 K K  1634-8 264-0.7c 244-3 5 . 7 = ] = 0 . 9  13.7~= 1.2b,d 

a = p < 0.01 between 0 and 250 ~U insulin. 
b = p < 0.001 between 0 and 250 ~U insulin. 
c = p < 0.001 between C57 and K K .  
a = p < 0.01 between insulin effect on tissue of K K  and C57 mice. 

Table 8. F F A  of fed and fasted K K  and C57 B L  mice a 

No. Type Blood Plasma Nutr i t ional  Plasma 
sugar b insulinb state F F A  

for FFA (~Eq/ml) 

C57 1664-10 524-5 Fed  
C57 1594-9 484-5 Fas ted  
K K  176• 4994-213 Fed  
K K  171• 4314-136 Fas ted  

a Age 6- -8  months.  
b Measured in fed state 2 weeks before F F A  study.  
c p < 0.01 compared to fed levels. 
a P < 0 . 0 1  comparing fed K K  and C57. 

13314-106 
3123• c 
1823~=78a 
3090• c 

an imals  b u t  less t h a n  insul in levels of fed mice. I n  the  
younger  mice p l a s m a  insul in  levels 2 h af te r  glucose 
load  were s imilar  to  levels observed  in fed animals  
(Tables 3, 4). 

Basel ine glucose ox ida t ion  b y  e p i d i d y m a l  adipose  
t issue in  vitro was signif icant ly decreased  in t issues of 
K K  mice of 7 - -11  mou ths  of age and  the  add i t i on  of 
250 ~Uni ts  of insul in /ml  of buffer d id  no t  s ignif icant ly  
increase the  glucose u t i l i za t ion  b y  adipose  t issue of 
these animals .  I n  these pa r t i cu l a r  an imals  the  b lood  

f rom C 57 B L / 6 J  animals .  Adipose  t issues f rom bo th  
4 and  6-week old K K  mice exh ib i t ed  a signif icant  re- 
sponse to  insul in a l though  less t h a n  t h a t  of the  t issues 
f rom no rma l  animals .  P l a sma  insulins were considerab-  
ly  lower in the  4 and  6-week old an imals  t h a n  those  of 
older  an imals  a l though  in the  younger  an imals  the  
insulins were h igher  t h a n  those  f rom C57 B L / 6 J  con- 
t ro l  an imals  (Tables 5, 6 and  7). 

P l a s m a  free f a t t y  acids  of fed and  fas ted  K K  mice 
were measured  to  de te rmine  ff the  e l eva ted  insul in  of 
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K K  mice was effective on adipose tissue in vivo. Non- 
fasting plasma insulins in these K K  mice when meas- 
ured l week prior to the free fat ty acid study were 
found to be increased about 10-fold over normal. Un- 
fortunately, no fasted insulins could be obtained in 
these animals at the time the free fat ty acid measure- 
ments were carried out since all the blood plasma ob- 
tained was required for free fa t ty  acid determinations. 
Based on data from other animals, fasted plasma in- 
sulins would be expected to be reduced considerably as 
compared to levels in fed animals (Table 4). Plasma 
FFA of fasted K K  and C57 BL/6J mice were similar. 
However, the FFA of fed KK mice were not reduced as 
much as those of the control mice. 

Diaphragm muscles of K K  mice were studied for 
baseline glucose utilization as well as the response to 
insulin. In these studies baseline glucose uptake by 
diaphragms of K K  mice was essentially equivalent to 
baseline uptake by tissues from control animals. The 
response to insulin, however, was significantly reduced 
in tissues from K K  mice (Table 9). 

Table 9. Response of diaphragm muscle of K K  and 
C57 BL/6J  mice to insulin in vitro. Animals 4--10 months 

of age 

No. Type Glucose uptake by diaphragm 
(rag%/10 mg dry weight) 
0 Insulin 2500 ~U Insulin 

10 C57BL/6J 39.04-1.3 49.54-2.8 ~ 
9 KK 39.24-1.6 42.34-3.0 

~ P < 0.01 between 0 and 2500 ~U insulin. 

Examination of data from several generations of 
inbred KK mice derived from stock originally obtained 
from the Central Laboratories for Experimental Ani- 
mals in Japan showed that  as inbreeding was con- 
tinued plasma insulin and blood sugar values returned 
towards normal in successive generations (Table 11). 
For example, examination of the F 2 generation data 
shows that  18 of 39 animals exhibited blood sugars 
greater than 200 mg~o and 19 of the 39 animals (all 
that  were measured) exhibited extremely high plasma 
insulins. In contrast of a total of eighty Fs, 9 and 10 ani- 
mals, none showed blood sugars higher than 200 rag% 
and only 2 animals exhibited plasma insulins greater 
than 100 ~Units/ml. Therefore, as inbreeding was con- 
tinued, the number of animals which could be con- 
sidered abnormal decreased. Of considerable interest 
was the observation that  the blood sugars of Toronto 
F 4 mice derived from inbreeding offspring from K K  • 
C57 BL/6J animals were elevated by 4 months and 
continued to remain elevated over a 9-month period 
(Fig. 2). Body weights of the Toronto F 4 mice were 
also significantly elevated by 3 months and reached a 
maximum at 4 months and remained at this elevated 
level throughout the 9-month period of study (Fig. 3). 
Plasma insulins of the Toronto F 4 mice were elevated 
at 3 months and continued to increase throughout the 
9-months period to an average of over 1600 ~Units/ml 
at 9 months of age (Fig. 4). Animals obtained from 
continued inbreeding of the F4 Toronto mice to the 
6th and 7th generations show that  the elevated blood 
sugars and plasma insulins were maintained at least 
through 3 additional generations (Table 12). These 

Table 10. Effect of 3 months of limited diet on plasma insulin, blood sugar and glucose-1-14C oxidation by adipose 
tissue of K K  and C57 BL/6J  mice ~ 

No. Type Body weight Blood sugar (fed) 
mouse Initial Final Initial Final 

Insulin (fed) Glucose oxidation 
Initial Final CPM • 10~/g fat 

0 insulin + insulin c 

Ad lib diet b 
5 C57BL/6J 30.14-0.4 31.74-0.6 1634- 6 1654- 4 
6 KK 50.34-1.1 47.8• 1624- 8 1814- 5 

Limited diet (2.5 g/day) 
6 C57BL/6J 30.24-0.5 27.44-0.6 1724- 8 1664-12 
6 KK 50.74-1 32.44-1 d 1534-15 1534- 5 

42=~ 6 474- 8 4.54-1 18.1j=3 f 
3074- i90 1724-[=44 1.74-0.2 2.64-0.3 

424- 5 374- 6 9.24-0.4 40.0-t-3~ 
4564-{-221 594-15 e 6.04-0.9 20.94-5g 

5--9 Months old at beginning -- each KK matched with C57 of same age. 
b C57BL/6J ate average 2.6 gin/day and KK ate average 3.6 g/day. 
c Insulin 250 ~U/ml of buffer. 
a p < 0.01 compared to initial. 
e p =  0.01-- 0.025 compared to initial. 

P <  0.01 compared to 0 insulin. 
g P=0.01--0.025 compared to 0 insulin. 

Adipose tissue from K K  mice on a limited diet for 
3 months responded to insulin in an essentially normal 
manner (Table 10). Tissue from ad libitum fed controls 
did not respond to insulin. Plasma insulins and body 
weights were reduced to near normal levels in the ani- 
mals maintained on limited diet (Table 10). 

data would suggest that  if animals with high blood 
sugars and elevated plasma insulins are required, then 
one may lose these traits with continued inbreeding 
and therefore outcrossing with C57 BL/6J 's  may be 
necessary to maintain the required abnormalities in 
this strain of animals. 



322 W.E .  Dulin and B.M. Wyse:  Diabetes in K K  Mice Diabctologia 

Discussion 

Metabol ic  changes in the  K K  mouse were no t  
usua l ly  p resen t  un t i l  af ter  2 .5 - -3 .5  mon ths  of age al- 
t hough  some increase in b o d y  weight ,  a s l ight  increase 

Table 11. Blood sugar and plasma insulin in K K  mice of 
successive generations. Original stock were received from 
Japan. ~F 1 are offspring from the original mice. Age 

> 3 months 

Generation No. No. with Plasma insulin, 
tested blood sugar ~U/ml 

greater than  ( ) = No. 
200 mg% 

_F 1 22 6 --  
F2 39 18 1000--2000 (4) 

500-- ~000 (5) 
250--500 (10) 
20 not measured 

F~ 11 2 250--500 (2) 
100--200 (6) 
< lOO (3) 

F~ 19 1 > 150 (1) 
< 100 (18) 

F~ 75 0 > 1O00 (2) 
200--600 (5) 
1 0 0 - 2 0 0  ( lo)  
< 100 (58) 

.F 7 47 4 200--400 (4) 
1 0 0 - 2 0 0  (2) 
< 100 (41) 

F s 37 0 100--200 (2) 
< 100 (35) 

/P9 and F]o 43 0 < 100 (43) 
C57BL/6 59 0 > 100 (1) 

< 100 (58) 

Table 12. Blood sugars and plasma insulin of 6th and 7th 
generation of Toronto mice which were derived from K K  

• C57BL/6J  

Age Number  Number  with Plasma insulin 
(weeks) blood sugar ~U/ml 

> 200 rag% (No. mice) 

6th Generation 
8--  10 22 4 < 100 

I00--1000 
1000--2000 

28 11 7 < 100 
100--1000 
1000--2000 

33 8 5 < 100 
100--1000 
1000--2000 

7th generaHon 
8--10 69 4 < 100 

100--1000 
1000--2000 

(14) 
(6) 
(2) 
(0) 
(4) 
(7) 
(0) 
(2) 
(6) 

(34) 
(33) 

(2) 

in p l a s m a  insul in a n d  decreased glucose u t i l i za t ion  b y  
adipose  t issue has  been observed  in  the  younger  ani- 
mals.  Changes in K K  mice are  p r i m a r i l y  charac te r ized  
b y  increased  p l a s m a  insulin,  increased  b o d y  weight ,  
obesi ty ,  increased  q u a n t i t y  of panc rea t i c  insul in  and  

the  loss of response of adipose t issue (as ev idenced  b y  
decreased glucose ox ida t ion  and  decrease of p l a sma  
free f a t t y  acids  in fed mice) and  muscle  to  insulin.  K K  
mice exh ib i t  only  a mi ld  and  incons is ten t  hyperg ly -  
cemia in the  popu la t ion  of an imals  s tudied.  "D iabe t e s "  
p r o b a b l y  begins in th is  an ima l  s t ra in  wi th  increased 
food in t ake  which resul ts  in increased fa t  deposi t ion,  
decreased sens i t iv i ty  of adipose  t issue and  muscle to  
insul in  and  decreased to le rance  to glucose. Suppo r t  of 
th is  hypothes is  is :  1. young  K K  mice even though  only  

5 0  

' 4 0  

~ 3o 

~ 2 0  

. . . .  ~ .  
/ 

. ~ J " ~ " ~  C57BL/6J (4) 

I I 
4 9 

AGE- MONTHS 
Fig. 2. Comparison of nonfasted blood sugars of C 57 BL/ 

6J and Toronto F t  mice from K K  • C 57 BL/6J  cross 
I = Standard  error of the  mean;  ( ) = No. mice; * = 

P < 0.05. 

300 

,,r 

2oo 
t - ,  

r  

T 
F4 TORONTO (KK • C57) (3) ,.J, 

C57 {41 

IO0 I I I 
5 4 9 

AGE - MONTHS 

Fig'. 3. Body weights of C57BL/6J  and F~ Toronto mice 
from K K  • C57BL/6J  cross 

I = S tandard  error of the mean;  * = P < 0.001; ** = 
P < 0.05; ( ) = No. mice. 

s l igh t ly  heavier  t h a n  no rma l  do n o t  exhib i t  much  in- 
creased insul in levels b u t  adipose  t issue is less respon- 
sive to  insul in;  2. when b o d y  weight  increases suffi- 
c ient ly ,  p l a s m a  insul in  increases and  a m a r k e d  insen- 
s i t i v i t y  of adipose t issue to  insul in develops,  and  3. if 
b o d y  weight  is res to red  to  no rma l  in  older  K K  mice, 
insu l in  levels are  reduced  and  response of adipose 
t i ssue  to  insul in  is res tored.  The reason t h a t  b lood sug- 
gar  is  essent ia l ly  no rma l  in K K  mice even t hough  
pe r iphera l  t issues are  no t  capable  of using glucose a t  a 
n o r m a l  r a t e  migh t  be exp la ined  if gluconeogenic enzy- 
mes of the  l ivers of K K  mice were under  the  control  of 
the  c i rcula t ing  insul in;  however ,  sufficient d a t a  are  no t  
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avai lable on this  point .  The pancreas of the K K  mouse 
apparen t ly  adapts  to increased demands  placed upon 
i t  and  secretes sufficient insul in  to m a i n t a i n  relat ively 
normal  control of blood sugar dur ing periods when in- 
creased insul in  is demanded.  Support ing this hypo- 
thesis are observat ions t h a t  islet hyper t rophy  with in- 
creased pancreat ic  insul in  have been reported by  Naka- 
mura  [2] and  confirmed in  the present  studies. 

1600 L 
I000 

~ 800  

~ 600 

400  

2OO 

1645 pU 

F 4 TORONTO (KK x C57) (31 / '''~'" 

j ~ . s  

I 

J 
/ 

/ 
/ 

/ 

C57BL/6J (4) = 

5 4 9 
AGE - MONTHS 

Fig. 4. Plasma insulins of C57BL/6J a n d / ~  Toronto mice 
from C57BL/6J • K K  cross 

I = Standard error of the mean;  ( ) = No. mice; * = 
P < 0.001; ** = P < 0.05. 

I t  is of interest  t ha t  in  successive inbred  generat ions 
of K K  mice there was a decreased n u m b e r  of animals  
with elevated blood sugars and  plasma insulins. These 
observat ions would t end  to support  the hypothesis 
t ha t  dur ing  inbreeding of the K K  mice in  the Upjohn  
colony there was inadve r t en t  selection against  the 
genes or genetic condit ions responsible for the mani-  
festations of abnormali t ies .  I nb red  mice from a cross 
between K K ' s  and  C57 BL/6J ' s  a t  the  Univers i ty  of 
Toronto  laboratories exhibi ted increased numbers  of 
mice with elevated blood sugars and  plasma insulins. 

Analysis of data  from animals  bred from F 4 Toronto  
hybrids  show a high n u m b e r  with elevated insulins, 
more t h a n  20% of these animals  show blood sugars 
greater t h a n  200 mg % and  greater t h a n  50 % with ele- 
va ted  p lasma insulins.  The reason for this res torat ion 
of abnormal i t ies  seen in the original K K  mouse by  
outbreeding with the C57 BL/6J ' s  is no t  clear a t  the 
present  t ime and  fur ther  studies are being carried out  
in the Univers i ty  of Toronto and  Up john  laboratories 
in an effort to unde r s t and  the metabolic  abnormal i t ies  
of this s t ra in of mouse. 
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