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Summary. Diabetes in Chinese hamster was initially 
detected by quali tat ive tests for urine ~lucose. The dis- 
ease was ct~aracterized by quanti tat ing urine glucose, glu- 
cose tolerance tests and measurement of fasting and non- 
fasting blood sugar, blood ketones, plasma free fa t ty  acids 
(FFA), plasma insulin, pancreatic insulin and fasting 
levels of liver glycogen. In  addition, basal levels of glucose 
utilization by diaphragms and epididymal adipose tissue 
and the response of these tissues to insulin was measured. 
Those animals requiring insulin received their last injec- 
t ion 24 hours prior to study. Glucosuria varied from 51 to 
1600 mg/24 hours. Diabetics had significantly decreased 
tolerance to a 250 mg/kg glucose load. The response varied 
considerably in diabetics but  was uniform in the non- 
diabetics. Diabetics had mean fasting liver glycogen levels 
of 3.1 :~ 1.0 compared with 0.4 -- 0.7 percent of fresh liver 
weight for nondiabetics. Severely ketotic, diabetic Chinese 
hamsters had significantly elevated F F A  and ketone levels 
and significantly lower plasma and pancreatic insulin 
levels but  mild diabetics did not differ from controls with 
respect to these parameters. Alt Chinese hamsters had high 
plasma F F A  levels (nondiabeties 1800 teE/l, severe dia- 
betics 2800 teE/l). Fasting and nonfasting F F A  levels did 
not differ in mild diabetic and nondiabetie animals. Muscle 
and adipose tissues from diabetic hamsters had basal rates 
similar to nondiabetics and had similar responses to insulin. 
Hamsters  maintained on insulin had greatly elevated 
immunoreaetive insulin levels in their plasma, which 
persisted for 26 days. -- The data  suggest tha t  severely 
diabetic hamsters may have a decreased ability of the 
pancreas to secrete insulin in response to a glucose stimu- 
lus. The observations that  plasma insulin levels are normal 
in mild diabetics but  that  these animals have glucosuria, 
hyperglycemia and abnormal glucose tolerance suggest 
that  mild diabetes in the Chinese hamster may involve 
interference with insulin action and/or increased hepatic 
glucose output. 

Caract~risation du diab~te du hamster chino@. 

Rdsumd. Nous avons d6pist6 le diab6te chez le hamster 
chinois par des dosages quMitatifs de la glucosurie. Nous 
avons ensuite caractdris6 chaque cas par la mesure quanti- 
ta t ive  du glucose urinaire, par des surcharges au glucose 
et par le dosage de la glycgmie ~ jeun et non k jeun, des 
corps cdtoniques, des acides gras libres (AGL) plasma- 
tiques, de l'insuline plasmatique et pancr6atique, et des 
taux h6patiques de glycog6ne. En  outre, nous avons 
mesur6 l 'utilisation du glucose par le diaphragme et le 
tissu adipeux 6pididymaire, avec et sans stimulation par 
l'insuline. Les animaux n6cessitant l 'administration d'in- 
sulinc ont re9u leur dernigre injection au moins 24 heures 
avant  chaque 6tude. Les taux de glucose dans l 'urine ont 
vari6 entre 51 et 1600 mg par 24 heures. Le test de sur- 
charge au glucose s'est rdv616 net tement  anormal ehez les 
animaux diab@tiques, la surcharge 6tant de 250 mg de 
glucose par kg de poids. Chez les diab@tiques, la glycdmie 
aprgs surcharge est fortement variable, contrairement 
l 'uniformit6 de la r@onse observ6e chez les non-diabd- 
tiques. Le glyeog6ne hdpatique k jeun est de 3, I :~ 1,0% 
pour les diab6tiques, et de 0,4 =: 0,7~o de poids frais d'or- 
ganes pour les non-diab6tiques. Les taux plasmatiques 
des AGL et des corps c6toniques sont manifestement 
@lev6s chez les hamsters chinois diabdtiques et cdtosiques 
alors que le contenu en insuline du plasma et du pancrgas 

est abaiss6 de fagon marqude. Ceci n 'a  pas 6t6 observ6 
ehez les diabdtiques moins sgvgres qui se rapprochent des 
non-diabdtiques. Les AGL plasmatiques sont 61evds chez 
tous l e s  hamsters chinois (moyenne pour les non-diabd- 
tiques 1800 teE~l, pour les diabdtiques sdvgres 2800 teE/l) 
Les taux d 'AGL sont les m@mes ~ jean et non k jeun 
chez les animaux non-diabdtiques on souffrant d 'un dia- 
b6te ldger. L'utilisation du glucose par le muscle et le tissu 
adipeux du hamster diabgtique ne diff6re pas significati- 
vement  de celle des tissus non-diab6tiques et leur stimu- 
lation par l 'insuline est semblable. L'insuline immunord- 
active des hamsters traitds k l'insuline reste 61evde dans 
le plasma pendant plus de 26 jours apr6s la dernigre in- 
jection. -- Ces observations semblent indiquer que le pan- 
crgas des hamsters chinois diabdtiques sdcr6te plus diffi- 
cilement de l 'insuline en r@onse ~ une stimulation par le 
glucose. Les taux normaux d'insuline plasmatique chez 
les hamsters avec un diab6te ldger, mais pr6sentant pour- 
rant  une net te  glucosurie, une hyperglycdmie et une rdpon- 
se anormale k la surcharge en glucose, sugggrent l 'existence 
d'une interf6rence avec Faction normMe de l 'insuline et 
pcut-~tre une augmentation de la production de glucose 
par le foie. 

Besehreibung des Diabetes mellitus beim chinesischen 
Hamster. 

Zusammenfassung. Beim chinesischen Hamster  wurde 
der Diabetes durch qualitative Urinuntersuchungen auf 
Glucose aufgesport. Es wurde darm jeder Fall  n/~her cha- 
rakterisiert dutch quant i ta t ive Uringlucosebestimmun- 
gen, Glucosebelastungsproben und Messungen yon Niich- 
tern- und Nichtniichternwerten fiir Blutzucker, Blut- 
ketonk6rper, freie Fetts~uren (FFS) und Insulin im Plas- 
ma, yon Insulin im Pankreas, und yon Niichternwerten 
fiir Leberglykogen. Aul3erdem wurdc der Glucoscver- 
braueh des Zwerchfells und des epididymalen Fettgewebes 
sowie mit, als auch ohne Insulin gemessen. Diejenigen 
Tiere, die Insulin erforderten, erhielten ihre letzte Injek- 
tion 24 Stunden vor dem Versueh. Glueosurie schwankte 
zwischen 51 und 1600 mg/24  Std. Bei einer Belastung 
yon 250 mg/kg wiesen die diabetischen Tiere eine wesent- 
lich verminderte Glucosetoleranz auf. Sic sprachen sehr 
nnterschiedlich auf die Glucosebelastung an, wghrend 
die nichtdiabetischen Tiere in ih re r  l~eaktion einheitlieh 
waren. -- Im  Vergleich zu den nichtdiabetisehen Ham- 
stern, wo die Mittelwerte fOr Niichternleberglykogen bei 
0.4 • 0.7 Prozent des Frischlebergewichtes lagen, hat ten 
die diabetischen Tiere einen Glykogengehalt der  Lcber von 
3.1 • 1.0 Prozent. -- Chinesische Hamster  mit  schwerem 
Diabetes haben deutlich erh6hte FFS-Werte  und Keton- 
k6rper, sowie einen wesentlich niedrigercn Plasma- und 
Pankreasinsulinspiegel. Bei Tieren mit  leichter Diabetes 
hingegen sind diese Untersuchungen, im Vergleich zu den 
Kontrolltieren, unver/indert. Alle ehinesischen Hamster  
haben hohe Plasma-FFS-Werte  (niehtdiabetische 1800 
#E/L,  schwer diabetische 2800 teE/L). Niichtern- and 
Nichtniichternwerte for FSS sind beim leicht diabeti- 
schen oder gesunden Tier etwa gleich both.  Der Glucose- 
abbau dutch Muskel- und Fettgewebe des diabetischen 
und niehtdiabetischen Hamsters unterscheidet sich nicht 
sehr, und beide Gruppen sprechen ungef~hr gleich stark 
auf Insulinstimulierung an. Das im Plasma der insulin- 
bchandelten Tiere vorkommende immunreaktive Insulin 
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ist noch 26 Tage nach der letzten Injektion nachweisbar. 
- -  Diese Ergebnisse lessen vermuten, dal~ dcr Pankreas 
des diabetischen Hamsters nur schwerlich in der Late ist, 
naeh ether Glucosestimulierung Insulin auszuschiitten. 
Die Beobachtung, dal~ der Plasma-Insulinspiegel im leith- 
ten Diabetes normal ist, diese Tiere jedoch Glucosurie, 
Hyperglyk~mie and abnormale Glucosetoleranz aufwei- 
sen, fiihrt zu der Annahme, dal3 ein leichter Diabetes beim 

chinesisehen Hamster eine Beeintr~ichtigung der Insulin- 
wirkung mit sich bringen, und Ursache einer vermehrten 
Glucoseproduktion durch die Leber sein kalm. 

Key-words: Spontaneous diabetes, Chinese Hamster, 
Cricetulus griseus, Insulin in Plasma, Insulin in pancreas, 
Pancreas, Free fatty acids, Detection of diabetes, Muscle 
metabolism, Adipose tissue metabolism, Liver glycogen. 

I t  has become increasingly evident that  glucosuria 
and hyperglycemia are late rather than initial mani- 
festations of diabetes mellitus [9, 29, 7, 47, 51]. Since 
human diabetes is inherited [45, 46], the unknown 
basic defect of diabetes might be expected to occur at 
conception if the proper genotype is present. 

Although considerable effort has been expended in 
attempts to define the initial lesions of prediabetes 
[6, 15], studies of prediabetes in man is difficult. 
Consequently, a laboratory animal with the same 
characteristics of diabetes in man is needed for the 
study of prediabetes. The Chinese hamster was consider- 
ed because it satisfied many of these needs: 1. it 
becomes diabetic as defined by classical definition [34] ; 
2. the disease is inherited [35]; 3. selective breeding 
is possible; 4. variations in severity of onset and drug 
responses are similar to variations occurring in man 
[20] ; 5. environment can be controlled and 6. terminal 
studies can be done as needed. 

Although considerable information on diabetes in 
Chinese hamsters is available [60], it was important 
to confirm and extend these earlier observations. The 
purposes of this investigation were to evaluate various 
biochemical and physiological parameters of the dia- 
betic and nondiabetie hamster in order to define 
diabetes in this animal and to compare the lesions of 
frank chemical diabetes of the Chinese hamster with 
those occurring in spontaneous or induced diabetes in 
other animals and diabetes in man. Comparisons of 
this nature may indicate which laboratory animal 
has diabetes similar to that  of man and therefore 
which is the best tool to use for extensive studies 
designed to define the basic lesions of diabetes. I t  was 
reasoned that  if abnormalities were not measurable in 
the frankly diabetic hamster it would be unlikely that  
they could be detected in prediabetics. If  changes 
could be found in prediabetic Chinese hamster, then 
these findings could be used as guide lines for future 
studies in prediabetic man. 

Methods 
Animals. Animals were selected for study from 

the Upjohn colony of Chinese hamsters, which has 
been described previously by GER~ITSE~ and DFLI~ 
[20]. Diabetic animals were selected on the basis of a 
consistent Tes-Tape ~ value of 4-~. This initial qualita- 
tive test for urine glucose was done by expressing the 
urine from the animal directly onto the Tes-Tape ~. All 
diabetic animals were matched with a nondiabetic 
control of the same age and sex. If  possible, the diabe- 

tics were also matched with a nondiabetic sibling of 
the same sex. All blood samples used for analysis 
reported in this study were obtained from the orbital 
sinus [43]. 

Control of diabetes. The majority of diabetics 
received no therapy and were allowed food (Purina 
Mouse Breeder Chow) and water ad libitum. In some 
early studies, ketonuria of diabetics was controlled 
by limiting food and/or administration of NPH insulin 
with no at tempt to control giucosuria. These animals 
are referred to as controlled ketotie diabetics. Limi- 
tation of diet was accomplished by cup feeding 2 ml 
of liquid diet (MILLER and KI~AKE [37]) in the morning 
and 3 ml in the afternoom. This feeding regime was 
based on maximum consumption of nondiabetic 
control hamsters. The liquid diet preparation contained 
1.4 calories per m]. The dose of insulin required to 
control ketosis varied from 0.25 to 2.0 units b.i.d. In  
all cases, the last dose of insulin was given 24 hours 
before blood analysis or removal of tissues for studies 
in vitro. When liquid diet and/or insulin was given to 
the diabetic, appropriate nondiabetic control animals 
were treated similarly. 

Blood and urine glucose determinations. Glucose 
concentrations were analyzed on 0.05 ml of blood by 
the AutoAnalyzer mieroglucose procedure, which uses 
a modification [19] of the method described by HOF~- 
MA~ [28]. Urinary glucose excretion was measured on 
urine collected while the animals were housed in 
stainless steel metabolism cages. Five consecutive 
24-hour. urine collections were made after at least a 
week of acclimatization to the metabolism cages. Urine 
glucose concentrations were determined by the Auto- 
Analyzer. 

Glucose tolerance test. Those animals which were 
injected with insulin received their last dose 24 hours 
before the glucose tolerance was started. All hamsters 
were fasted overnight (16 hours) and a zero-hour blood 
sample was obtained. Immediately after the zero hour 
sampling, they were injected intraperitoneally with 
250 mg/kg of glucose (0.1 ml/10 g body weight of 2.5% 
glucose in sterile physiological saline). The animals 
were bled again at 30, 60 and 120 minutes after glucose 
injection. Blood sugar was determined as described 
above. 

Plasma free fatty acids (FFA) and blood ketone 
determinations. Plasma FFA were determined on 0.1 
or 0.2 ml samples by the method of DOLE [11] as 
modified by TaocT [49]. Blood ketones were deter- 
mined on 0.1 ml of whole blood by the procedure of 
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LYoN and BLoo~ [32] which measures acetoacetate 
and acetone. Aeetoacetate is decomposed to acetone 
by  acid and heat in a modified Thunberg tube and the 
total  acetone is distilled into furfural. A reddish violet 
color is developed by addition of a strong acid to the 
difurfurylidene-acetone complex and the color intensity 
measured on a Beckman Model B. Spectrophotometer.  

Liver glycogen. Liver glycogen was determined on 
samples of fresh tissue using the Anthrone method 
(SEIFTER et al. [44]) following digestion of tissue in 
30% hot KOH.  

Plasma and pancreatic insulin. Plasma insulin was 
determined on 0.1 or 0.2 ml of plasma. Blood was 
collected in a heparinized tube, and the plasma separa- 
ted and kept  frozen until assayed. The pancreatic 
tissue was removed following exsanguination and 
decapitation, and kept  frozen until extraction. Extract-  
ion of pancreatic insulin was carried out by  grinding 
individual pancreata in 1 ml of acid alcohol (750 ml 
of absolute ethyl alcohol, 15 ml concentrated ttC1 and 
235 ml of distilled water) using the micro a t tachment  
on a Serva]l 0mnimixer.  The mixer was rinsed with 
two 1 ml portions of acid alcohol which were combined 
with the original material  a n d t h e  slurry left at room 
temperature  overnight and centrifuged. The precipita- 
te was resuspended in 2 ml of acid alcohol, allowed to 
stand for 2 hours and recentrifuged. This procedure 
was repeated twice and the supernatants  were pooled. 
The acid-alcohol extract  was adjusted to p H  8.0 with 
ammonium hydroxide, and assayed at  various dilutions 
made with 1% BSA in borate buffer (pH 7.4). All 
insulin assays were done by  a slight modification of a 
double ant ibody system described by  MORGAN and 
LAZAROW [39, 40, 41]. The differences between the 
published procedure and the procedure used in these 
studies were tha t  13~I-insulln I with a specific act ivi ty 
greater than  100 mierocuries/mg was used, and 4 
/~units of laI-insulin was used or approximately  0.04 
mierocuries of ~aI per tube. The guinea pig anti-insulin 
serum was prepared as described by  Mo~GA~ and 
LAzA~ow [39]. Bovine insulin (preparation PJ46092) 
was used as a standard throughout these studies. 

Several studies were done to determine the influen- 
ce of insulin on plasma immunoreactive insulin levels. 
These were done after it was observed tha t  the nondi- 
abetics and diabetics which had received insulin had 
very high levels of plasma immunoreaetive insulin 24 
hours after the last insulin injection. In  one s tudy 
(Table 13), normal male hamsters were injected b.i .d.  
with 0.25 units of N P H  insulin for 2 weeks. Plasma 
insulin was determined at various intervals after the 
last insulin injection. In  a second experiment (Table 
14), nondiabetie female hamsters were injected with 
0.25 units of N P H  insulin for one day (at 8.00 A.M. 

1 Abbott, List No. 7791 porcine glucagon-free insulin. 
Kindly supplied by Dr. MA~Y t~OOT, ELI LILLY and 

Company. This insulin preparation contained less than 
0.0003% glucagon and assayed 23.8 units/mg. 

and 4.00 P.M.) and plasma insulin was determined 
on blood obtained 18 hours after the second injection. 

Glucose oxidation and incorporation of glucose carbon 
into glycerol and fatty acids by epididymal fat pads in 
vitro. The procedure used for hamster  fat  pads was tha t  
described previously for studies using ra t  epididymal 
fat  by  GE~ITSEX and DIrLI~ [19, 21]. Insulin-treated 
animals received their last injection 24 hours prior to 
removal of tissues. Hamsters  were sacrificed by  ex- 
sanguination and decapitation, and epididymal fat  
pads removed. One pad was placed in Krebs-Ringer 
bicarbonate buffer, p H  7.4, and the other in buffer 
containing 250 ,uunits of insulin per ml. All flasks 
contained 3 ml of buffer with 0.5 microcuries of 
glucose-l-14C. The experiment was designed so tha t  
one-half of the left pads and one-half of the right pads 
were treated. The CO~. released was collected and 
counted by  liquid scintillation counter (Packard 
Series 3000). The fat  tissue was extracted by  the proce- 
dure described by  FoLc~ [17]. Extracted lipids were 
saponified and dried, and the dried material  was 
acidified and re-extracted by  the Folch procedure. 
Aliquots of the lower chloroform phase containing 
fa t ty  acids and the upper aqueous layer containing 
glycerol were counted by  scintillation techniques. An 
external s tandard was used to determine the degree of 
quenching. Blood sugar was determined at  the t ime 
tissues were taken. 

Glucose uptake by diaphragm muscle in vitro. The 
procedure used was a modification of tha t  described 
by VALLA?CCE- OWE~ and HURLOCK [50]. Insulin-treated 
animals received their last insulin injection 24 hours 
before exsangnination and decapitation. The whole 
diaphragm was removed and placed in cool, balanced 
salt solution for 10--15 minutes. They were transferred 
to a salt solution containing 300 mg~/o of glucose and  
aerated for 5 minutes with 5% C02 and 95% oxygen. 
Incubat ion was carried out in a Warburg for 90 minu- 
tes and the glucose remaining in the medium was 
measured by  an Auto-Analyzer procedure. This 
procedure measures glucose with sufficient accuracy 
to detect changes as small as 1 rag%. Blood sugar was 
determined at  the t ime tissues were taken. 

Results 

Glucose tolerance test. Blood sugar of nondiabetic 
Chinese hamster  rose from a fasting level of 110 rag% 
to a peak of 175 mg~o th i r ty  minutes after a glucose 
10ad of 250 mg/kg (Fig. 1). Thereafter blood sugar fell 
slowly to 130 rag% at  2 hours which was still signi- 
ficantly elevated above the initial fasting level. 

Glucose tolerance curves for the two groups of con- 
trol animals [nondiabetie nonrelated (NDNR) and non- 
diabetic siblings] were not different. Since these non- 
diabetic animals have identical glucose tolerance 
curves and were indistinguishable by  all other measure- 
ments, the data from these were pooled and reported 
in this paper  as nondiabetic controls. 
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The b lood sugar  of the  d iabet ics  rose f rom a fas t ing 
level of 250 m g %  to a m a x i m u m  of 325 r a g %  a t  30 
minu tes  a f te r  the  glucose load  and  then  slowly decl ined 
to  280 mg~o dur ing  the  nex t  90 minutes .  The va r i a t ion  
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Fig.  1. Glucose tolerance curves  of  Chinese hams te r s  

the  glucose load  was 65 mg~o for nondiabe t ics  and  
75 mg~o for diabet ics .  Blood sugar  decl ined 45 r a g %  
in bo th  groups  f rom 30 to 120 minutes  af ter  the  glucose 
load. 

Blood sugar. Fa s t i ng  and  nonfas t ing  blood sugar  
levels of d iabet ics  were s ignif icant ly  h igher  t h a n  those  
of the  app rop r i a t e  controls  (Table 1). The nonfas t ing  
blood sugar  levels of d iabet ics  were s ignif icant ly  higher  
t h a n  the  fas t ing levels. I n  contras t ,  there  was no differ- 
ence be tween  fas t ing a n d  nonfas t ing  b lood sugar  of 
nond iabe t i c  hamste r .  F a s t i n g  b lood sugar  of ke to t i c  
d iabet ics  was s ignif icant ly  higher  t h a n  the  fas t ing 
blood sugar  of the  nonke to t i c  d iabet ics .  Blood sugar  of 
d iabet ic  and  nond iabc t i c  hams te r s  was no t  influenced 
b y  sex, age, du ra t i on  of diabetes ,  a g e  of onset  of 
diabetes ,  d ie t  (Table 3) or insul in  t h e r a p y  3 (Table 1). 

Urine glucose excretion. Glucosur ia  in  the  dia-  
bet ic  Chinese ha ms t e r  fed ad lib• varies  f rom 
51 to 3000 nag of glucose per  24 hours  whereas  glueo- 
surfs in the  nond iabe t i c  is insignificant .  The glucosur ia  

Table 1. Blood sugar levels of diabetic and nondiabetic Chinese hamsters 

Diabet ic  I%ndiabe t i e  

Type  Blood sugar  ( m g % )  ~= S.E.  1 Blood sugar  ( m g % )  • S.E.* 

Fas t ed  :Non fas ted  Fas t ed  Nonfas ted  

]~etotie 2 300 • 19s, 4 (7) 441 -F 453 (6) 
(uncontrolled) 
Ketot ie  326 • 244 (10) - -  

(controlled) 
Nonketot ie  219 • 193, ~ (16) 371 • 33 ~ (16) 
(uncontrolled) 

, S tandard  error of the mean. 
s Ketosis defined as consistent positive Ketostix |  test  on urine. 
a FBS vs. NFBS,  P < 0.01. 

Ketot ies  vs. mild, P < 0.01. 
0 = Number  of animals. 

1 1 2 •  (11) 1 1 2 •  (11) 

136 • 5 (14) --  

108 • 3 (24) 125 :~ 5 (24) 

Table 2. Urinary glucose excretion of diabetic and nondiabetic Chinese hamsters 

Diabet ic  ~ondiabe t ic  

T y p e  Urine  glucose (rag/24 hr) =k S.]L* Urine glucose 

In i t ia l  § 4 mon ths  (rag/24 hr) :t: S .E.  1 

Ketot ie  2 9 3 9 •  853 (6) 1342•  598, a (7) 
(uncontrolled) 
]~etotic 673 • 111 (10) --  
(controlled) 
2ffonketotie 657 • 168 (5) 766 • 214 ~ (5) 
(uncontrolled) 

* S tandard  error of the mean. 
s Ketosis defined as consistent positive Ketostix |  test  on urine. 
a p < 0.05. 
P < 0.05. 

() ~ Number  of animals. 

1.9 ~ 0.1 (9) 

2.4 • 0.2 (14) 

1.7 • 0.1 (J0) 

of the  b lood sugar  of these  d iabet ics  dur ing  the  glucose 
to lerance  was eond ide rab ly  g rea te r  t h a n  t h a t  of the  
controls  as ev idenced  b y  the  large s t a n d a r d  error. 
However ,  the  s h a p e  of the  mean  glucose to lerance  
curves for the  d iabet ics  and  controls  were r e m a r k a b l y  
similar .  The m a x i m u m  increase  in  b lood  sugar  a f te r  

of uncont ro l led  ke to t i c  d iabet ics  fed ad lib• increas- 
ed s ignif icant ly  f rom 939 to 1342 mg/24 hours  dur ing  
a four -month  per iod  (Table 2). No change in glucosuria  

s Last  injection of insulin was 24 hours prior to bleed- 
ing. 
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was observed in nonketot ic  diabetics during the same 
interval.  I n  some ketot ic  diabetics, glucosuria was 
qnant i ta ted  while ketonur ia  was controlled by  insulin 
adminis t ra t ion and/or  l imitat ion of diet  (ketotic, 
controlled group, Table  2). A dose of insulin just  sufficient 
to  control ke tonur ia  decreased glucosuria (uncontrolled 
939 rag/24 hours, controlled 672 rag/24 hours, Table 
2). When  three diabetic hamsters  t ha t  had  been 
mainta ined on a l imited diet (liquid diet, 2 ml in the  
A.M. and 3 ml in the P.M.) were switched to  Pur ina  

ketot ic  diabetics was ten times greater than tha t  of the 
controls. The difference between the liver glycogen 
levels of the  ketot ic  and  mild diabetics is no t  signi- 
ficant. No correlation was found between fasting blood 
sugar and  fasting liver glycogen levels (linear regressi- 
on correlation coeficient of ~-0.5). 

The effect of sex, age, durat ion of diabetes, age at  
onset of diabetes, insulin and/or  diet  on liver glycogen 
could no t  be established due to an insufficient number  
of observations.  

Table 3. Effect of restricted diet on blood sugar and glueosuria of Chinese hamsters 

Type  570. F a s t e d  

l~estr icted diet  1 Ad l ib i tum diet  

Blood suga r  ( rag%)  • S . E 2  Ur ine  glucose Blood sugar  ( rag%)  • S . E P  Urine  glucose 
(rag/24 hr)  • S .E .  ~ (rag/24 hr)  • S .E .  = 

Nonfas ted  (4/22/66) Tas t ed  :~onfasted (5/5/66 

Diabetic 3 2684-76 4344-54 776•  3174-28 4924-67 11184-843 . 
Nondiabetic 7 1204-4 1304-6 2.04-0.3 1034-3 1144-94 1.84-0.1 

1 l~estricted for diabetics only, since quanti ty of diet given was amount maximally consumed by nondiabetics. 
3 Standard error of the mean. 
a p > 0.05. 

Mean of 6 values. 

Table 4. Liver glycogen levels of .fasting diabetic and non- 
diabetic Chinese hamsters 

Diabet ic  Nondiabet ic  

Type  L ive r  Glycogen L ive r  Glycogen 
(% fresh wt)  •  1 (% fl 'esh w t ) •  S .E .  1 

I~etotie 2.5 4- 0.93 (6) 0.4 4- 0.073 (10) 
(controlled) 
Nonketotie 4.2 4- 1.03 (6) 0.4 4- 0.063 (8) 
(uncontrolled) 

i Standard error of the mean. 
3 p < 0.001, compared with nondiabetic controls. 
() = Number of animals. 

Plasma free fatty acids (FFA) .  The fast ing F F A  
level of controlled ketot ic  hamsters  24 hours after  last 
insulin injection was significantly greater  t h a n  those 
of the nondiabetic controls (3300 vs. i800, Table 5). 
The nonfast ing F F A  o f  the uncontrol led ketotics is 
significantly higher than  the controls (3i00 vs. 1900), 
but the fasting FFA levels of these animals were not 
different (2100 vs. 1500). This lack of difference may 
be due to the small number of observations and large 
variation. The FFA of mild diabetics were not signi- 
ficantly different from the FFA of their nondiabetic 
controls. 

Table 5. Plasma free fatty acids (FFA ) of diabetic and nondiabetie Chinese hamsters 

Type  

Diabe t ic  l~ondiabetic 

F F A  (/~E/1) • S .E .  1 F F A  (gE/1)  :t: S .E .  1 

T a s t e d  l~onfasted Tas t ed  I~onfasted 

Ketotic 
(uncontrolled) 
Ketotic 
(controlled) 
Nonketotie 2100 4-130 (14) 
(uncontrolled) 

1 Standard error of the mean. 
3 p < 0.05 compared with control. 
3 p < 0.001 compared with control. 
0 = Number of animals. 

2100 4- 221 (4) 3100 4- 4793 (4) 

3300• (10) -- 

2700 4- 392 (5) 

1 5 0 0 i  175 (9) 1900•  156s(9) 

18004- i008 (19) -- 

18004-111 (21) 19004-415(8) 

Mouse Breeder Chow ad libitum, glucosuria increased 
significantly f rom 776 to 1118 rag/24 hours (Table 3). 

There was a t endency  toward  a positive c9rrelation 
between urine glucose excretion and nonfast ing blood 
sugar levels in diabetic" hamsters  (linear correlation 
regression coefficient of ~-0.73). 

Liver glycogen. Fasted,  controlled, ketot ic  diabetics 
had six times as much  liver glycogen as the nondiabet ic  
controls (Table 4). Liver  glycogen level of fasted non- 

The average fasting F F A  level was not  higher than  
the nonfast ing level in either diabetic or nondiabet ic  
hamsters.  F F A  of diabetic and  nondiabet ic  hamsters  
were no t  influenced by  sex, age, dura t ion of diabetes, 
age at  onset of diabetes or insulin the rapy  (last in- 
jection of insulin was 24 hours prior to bleeding). 

Blood ketones. Fast ing levels of blood ketones were 
significantly higher in ketot ie  diabetic Chinese hamst-  
ers than  in nondiabet ic  controls (Table 6). Blood 
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ke tones  of nonke to t i c  d iabe t ics  were s imilar  to  those 
found  in the i r  nond iabe t i c  controls.  There  was no 
signif icant  difference be tween  b lood ke tones  of the  
uncont ro l l ed  ke to t i c  d iabe t ics  compared  wi th  con- 
t ro l led  ke to t i c  d iabet ics  24 hours  a f te r  the  las t  insul in 
in ject ion.  The  average  fas t ing b lood ke tones  d id  no t  
increase in  e i ther  d iabet ics  or nondiabe t i cs  compared  
wi th  nonfas t ing  levels.  No corre la t ion  was found  be- 
tween  p l a s m a  free f a t t y  acids  and  b lood ke tone  levels. 

Blood  ke tones  were no t  inf luenced b y  sex, age, 
du ra t i on  of diabetes ,  age a t  onset  of d iabe tes  or insul in 

t r e a t e d  controls.  Glucose u t i l i za t ion  b y  d i aph ragms  
from nonfas ted  d iabet ics  (ketot ics  t h a t  h a d  no t  receiv- 
ed insul in or nonke to t i c  diabet ics)  also d id  no t  differ 
f rom glucose u p t a k e  b y  d i aphragms  of nonfas ted  non- 
d iabet ic  an imals  (Table 8). A l though  no t  shown, there  
was no difference due to  sex, diet ,  du ra t i on  of diabetes ,  
age of onset  of d iabe tes  or age of an imal  a t  the  t ime  
of th is  s tudy .  

Glucose oxidation and synthesis of fatty acids and 
glycerol by epididymal fat pad tissue in vitro. The epidi- 
d y m a l  fa t  pads  f rom fas ted  or nonfas ted  nondiabe t i c  

Type 

Table 6. Blood ketone levels of diabetic and nondiabetie Chinese )~amsters 

Diabetic Nondiabetie 

Ketone (mg%) • S.E. ~ Ketone (mg%) • S.:E. ~ 

Fasted Nonfasted Fasted Nonfasted 

Ketot ic  14.34-4.33 (6) 11.04-4.6 (6) 6.24-0.63 (14) 5 . 0 •  (14) 
(uncontrolled) 
Keto t ic  9.3 4- 3.53 (10) --  4.2 4- 0.62 (19) --  
(controlled) 
~onke to t ie  4.0 4- 0.8 (16) 5.9 4- 1.2 (12) 3.7 4- 0.5 (23) 3.8 4- 0.3 (16) 
(uncontrolled) 

1 S tandard  error of the mean. 
/)  < 0.01, compared with nondiabetic controls. 

() ---- Number  of animals. 

Table 7. Glucose uptalce by isolated diaphragm from fasted Table 8. Glucose uptake by diaphragm muscle from non- 
nondiabetic and diabetic Chinese hamsters fasted normal and diabetic Chinese hamsters 

Insulin Glucose uptake Fasted blood ~or~fasting blood Glucose uptake (rag%/10 
Type animal treatment No. (mg%/10 mg dry sugar (mg%) Type animal No. sugar (rag%) rag dry weight) • S.E. ~ 

weight) • S.]L 3 • S.]L ~ • S.E. 1 

Nondiabetic 0 26 18.6 q- 0.5 136 4- 9 Ketotic 
Nondiabet ic  4-1 4 18.5 4- 2.3 124 4- 7 Nondiabet ie  4 109 4- 3.6 27.6 4- 2.6 

Diabetic 6 437 4- 61 28.4 4- 5.0 
Diabetic  0 13 19.0 4- 3.4 304 j :  18 Nonlcetotic 
Diabetic 4-~ 5 20.6 • 1.5 312 • 24 Nondiabetic 15 126 4- 4.7 23.2 4- 1.1 

Diabetic 11 371 4- 21.7 19.7 4- 1.1 
1 IqPH insulin-dose 0.25--0.5 u. b . i .d .  Last  dose 24 

hours before sacrifice. 
2 IqPH insulin-dose 0.25--1.75 u. b . i .d .  Last  dose 24 

hours before sacrifice. 
s S tandard  error of the mean. 

1 S tandard  error of the mean. 

Table 9. Oxidation of glueose-l AtC to 1~C03 by epididymal fat pads from fasted 
nondiabetic and diabetic Chinese hamsters 

Type animal 1~o. 
14CO,-CPM/mg wet weight of fat  tissue • S.E.~ Fasted 

blood sugar 
Without insulin Insulin (250 ttU/ml) (mg % ) • S. E. 1 

Nondiabet ic  21 11.8 • 1.10 23.9 • 2.12 133 • 3 
Diabetic 11 10.5 -4- 0.83 21.1 • 2.65 288 4- 28 

1 S tandard  error of the mean. 

t h e r a p y  (last in jec t ion  of insu l i a  was 24 hours  pr ior  to  
bleeding) .  

Glucose uptake by diaphragm muscle in vitro. Glucose 
u p t a k e  b y  d i aph ragms  of fas t ing  non-d iabe t i c  and  
d iabe t ic  hams te r s  was essent ia l ly  ident ica l  (Table 7). 
Glucose u p t a k e  b y  the  d i aph ragms  of the  insulin- 
t r e a t e d  d iabet ics  (when las t  dose was 24 hours  before 
removing  tissues) d id  no t  differ f rom t h a t  of s imi lar ly  

and  d iabe t ic  hams te r s  conver t ed  glucose-l-14C to 
14C09 a t  the  same ra te  (Table 9 a n d  10). The response 
of these fa t  pads  to  insul in was also s imilar  measu red  
b y  14C02 p roduc t ion  f rom glucose-lAdC. The ep id idy-  
mM fa t  t issue f rom fas ted  d iabet ics  conver ted  carbon  
1 of glucose 1-1aC to  14C- labe l led  f a t t y  acids  and  
glycerol  a t  the  same ra t e  as t issues ob t a ined  f rom non- 
d iabe t ic  an imals  (Table 11). 

Diabetologia, Vol. 3 6 
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Pancreatic insulin content. The insul in  con ten t  of 
the  pancreas  of  d iabe t ics  no t  t r e a t e d  wi th  insul in  
was s ignif icant ly  lower (2.03 vs. 0.56 uni ts /g)  t h a n  in  
the  pancreas  of the  non-d iabe t i c s  (Table  12). Diabe t ics  
t h a t  h a d  rece ived  insul in  to  cont ro l  the i r  ketos is  also 
h a d  lower panc rea t i c  insul in  t h a n  insu l in - in jec ted  
non-d iabe t ics .  The  panc rea t i c  insul in  of non-d iabe t i c s  
in jec ted  wi th  insul in was no t  s ignif icant ly  lower t h a n  
t h a t  of the  n o n t r e a t e d  non-d iabe t ics .  I n  cont ras t ,  
d iabet ics  t h a t  had  received insul in  h a d  lower panc rea t i c  
insul in t h a n  d i abe t i c s  no t  in jec ted  wi th  the  ho rmone  

I n  cont ras t ,  the  p l a s m a  insul in  of ke to t i c  d iabet ics  
d id  no t  change af te r  feeding.  There  was no difference 
in  p l a s m a  insul in level  due to  sex, onset  of d iabetes ,  
age, or  d u r a t i o n  of d iabetes ,  consequent ly  d a t a  were 
pooled  when  t a k e n  f rom animals  of different  ages, sex, 
a n d  d u r a t i o n  of d iabetes .  

P l a s m a  i m m u n o r e a c t i v e  insul in  of an imals  t h a t  
h a d  been  t r e a t e d  wi th  insul in  was cons iderab ly  increas-  
ed c o m p a r e d  wi th  t h a t  of an imals  which  h a d  never  
rece ived  insulin,  a n d  this  increase  was g rea te r  in  the  
nond iabe t i e  an imals  t h a n  in  d iabe t ic  an imals  (Table 

Table 10. Glucose-l-laG oxidation by epididymal fat pads of nonfasted nondia- 
betic and diabetic Chinese hamsters and response of fat pads to insulin 

Type  an ima l  No. 
Nonfas t ed  
Blood suga r  
( r ag%)  • S .E .  ~ 

14CO~-CPM/mg t issue • S .E .  ~ 

No insul in W i t h  insulin 

Diabetic  3 324 4- 12.6 9.1 :J: 2.6 16.0 ~: 5.2 
~ondiabe t ic  4 132 4- 4.7 19.1 4- 5.4 37.5 • 5.1 

i S tandard  error of the mean. 

Table 11. Conversion of carbon 1 of glucosc.lJdC to 1~C glycerol and l~C fatty 
acids by epididymal fat pads from fasted nondiabetic and diabetic Chinese 

hamsters 

Type  an ima l  Iqo. 
F a s t e d  

blood suga r  
( m g % )  • S .E .  I 

CPM/mg t issue wet  weight  • S :E .  1 

14C Glycerol I~C F a t t y  acids 

Nondiabet ic  19 134 4- 4.6 42.6 4- 5.2 4.5 4- 0.5 
Diabetic  11 277 :[: 28 33.8 4- 4.03 5.0 • 1.4 s 

1 S tandard  error of the  mean. 
P < 0.2 between diabetic and  nondiabctic.  

Table 12. Pancreatic insulin of fasted diabetic and nondiabetie Chinese hamsters 
with and without insulin treatment 

Panc rea t i c  insul in F a s t e d  
Type  an imal  No. Insu l in  1 (uni ts /g  wet  weight)  blood sugar  

: • S . E 3  ( m g % )  • S.]] .  ~ 

Nondiabet ic  18 0 2.03 J: 0.29 125 4- 3 
Nondiabet ic  5 + 1.52 4- 0.9 125 4- 2.4 

Diabetic  4 0 0.56 4- 0.19 s 238 ~ 42 
Diabetic 9 + 0.16 + 0.06 ~ 311 • 18.5 

1 N P K  insulin injected to control ketosis. Las t  dose given 24 hours before 
sacrifice. 

S tandard  error of the  mean. 
a p < 0.01 compared with nondiabetics not  t rea ted  with insulin. 
4 p < 0.01 compared with diabetics not  t rea ted  with insulin or nondiabetics 

t rea ted  with insulin. 

(0.56 vs. 0.16 uni ts /g) .  There  was no signif icant  differen- 
ce in the  insul in  con ten t  due to  sex, age,  onset  of 
d iabe tes  or  d u r a t i o n  of d iabetes .  Consequent ly ,  the  
d a t a  f rom an imals  of different  sexes, ages, and  onse t  
and  d u r a t i o n  of d iabe tes  were pooled.  

Plasma insulin. There  was no difference in fas t ing  
p l a s m a  insul in of ke to t i e  d iabet ics ,  nonke to t i e  d iabe-  
t ics  and  nond iabe t i c  an imals  (Table  13). The  p l a sma  
insul in  levels of the  nond iabe t i e  a n d  the  mi ld  d iabe t ic  
were s ignif icant ly  increased  wi th  feeding (Table  13). 

14). W h e n  nond iabe t i e  hams te r s  were in jec ted  wi th  
0.25 uni t s  of I ~ P t I  insul in  for 2 weeks a n d  b led  a t  
var ious  in te rva l s  following the  l as t  dosage,  a signi- 
f icant  increase  in  p l a sma  i m m u n o r e a c t i v e  insul in  was 
stil l  obse rved  26 days  af te r  the  l as t  insul in  in jec t ion  
(Table 15). W h e n  nond iabe t i c  an imals  were in jec ted  
wi th  0.25 uni t s  of N P H  insul in for one d a y  and  the  
p l a s m a  i m m u n o r e a e t i v e  insul in  levels de t e rmined  18 
hours  a f te r  the  las t  inject ion,  no Significant increase 
in  p l a s m a  insul in  was obse rved  (Tab le  16). 
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Discussion 

The object ives  of these studies on the Chinese 
hamsters  were twofold.  The  first objec t ive  was to  
ob ta in  da ta  on physiological  and biochemical  changes 
in diabetic  animals  and  to relate  these changes to  
probable  causes of diabetes.  Those causes t h a t  have  
received the  most  a t t en t ion  are : 1. inabi l i ty  of pancreas 

in diabet ic  hamsters  wi th  those repor ted  for spontane-  
ous diabet ic  man  and animals  as well as Mloxan, 
anti- insulin serum or surgical ly- induced diabetes  in 
animals.  

Some of the  da ta  repor ted  here suppor t  the concept  
t h a t  diabetes is re la ted  to decreased be ta  cell funct ion 
in the Chinese hamster .  These observat ions  are:  1. 

Table 13. Fasting and nonfasting plasma insulin and blood sugar of ketotic and nonketotie 
diabetic and nondiabetic Chinese hamsters 

Blood sugar 4- S.E. ~ Plasma insulin • S.E. 
Type animal (rag%) (ttU/ml) 

Fasted /~onfasted Fasted Nonfasted 

Ketotic 
1184-5.4 (8) 
396 4- 43 (7) 

Nonketotic 
1274- 7.1 (14) 
3674-22.0 (11) 

Nondiabetic 125 4- 6.1 (8) 
Diabetic 299 4- 11.3 (5) 

Nondiabetic 105 4- 5.0 (14) 
Diabetic 200 4- 12.2 (11) 

1 Standard error of the mean. 
2 p < 0.01 between fasted and nonfasted. 
a p < 0.01 between fasted and nonfasted. 

P < 0.01 between fasted and nonfasted. 
P 0.1--0.05 nonfasted nondiabetics and diabetics. 

79 • 26 (8) 220 4- 40 (8) 2 
72 4- 24 (5) 75 4- 16 (7) 

594- 5.3 (14) 2164-38.7(14) a 
594- 5.0(11) 124 4- 18.0(11) ~.5 

Table 14. Plasma insulin of nonfasting diabetic and non- 
diabetic Chinese hamsters and effect of insulin treatment on 

plasma insulin 

Type Animal No. Insulin ~ Plasma Insulin 
(~U/ml) • S.E2 

Nondiabetic 20 0 255 4- 56 
Nondiabetie 4 ~- 2797 4- 2162 

Diabetic 12 0 176 ~: 28 
Diabetic 6 q- 850 ~: 1963, ~ 

1 Treated b. i .d,  with 0.25--2.0 units of N P H  insulin 
for several months. Last  injection 24 h o u r s  before 
bleeding. 

P < 0.01 compared with noninsulin treated. 
a p < 0.01 compared with noninsulin treated. 
4 p < 0.01 compared with insulin treated nondiabetic. 
a Standard error of the mean. 

Table 16. Plasma insulin levels after one 
day of insulin treatment (0.25 unit 
b.i.d.) of nonfasted nondiabetic Chinese 

hamsters 

N o .  T r e a t m e n t  P l a s m a  insul in 1 
(~U/ml) • S.E. ~ 

3 Control 246 4- 59 
3 Insulin 343 4- 30 a 

1 Eighteen hotws after last dose of 
insulin. 

Standard error of the mean. 
a p < 0.02. 

Table 15. Plasma insulin levels at various intervals after withdrawal of insulin in nonfasting nondiabetic Chinese hamsters 

N o .  T r e a t m e n t  P l a s m a  insul in ( ~ U / m l )  • S . E .  1 

Day after last dose 1 2 3 9 16 26 34 

5 Control 2454- 26 2144- 33 2484- 25 
5 Insulin 5 1458 4- 4322 2408 4- 7012 1967 4- 5402 

6 Control 272 4- 57 338 4- 47 289 4- 55 233 4- 37 
7 Insulin 5 1774 4- 532 a 1165 4- 2433 590 4- 116 a 427 ! 55 ~ 

I Standard error of the mean. 
P < 0.01 (from control at same day). 

3 p 0.01--0.02 (from control at same day). 
4 p 0.02--0.05 (from control at same day). 
5 0.25 unit b.i.d, for 14 days. 

181 q- 30 
249 • 46 

to synthesize and/or  secrete insulin;  2. inabi l i ty  of 
muscle and fa t  t issue to uti l ize glucose; 3. a l terat ions 
in l iver  metabol i sm resul t ing in increased gluconeoge- 
nesis. The second objec t ive  was to compare  changes 

pancreat ic  insulin is decreased in diabetics and there  
is a correlat ion be tween  pancrea t ic  insulin and plasma 
insulin;  2. p lasma insulin of the  severe ke to t ic  diabet ic  
does not  increase wi th  feeding;  and 3. even though  

6* 
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plasma insulin significantly increases with feeding in 
the nonketotie diabetic, this increase was consistently 
less than  tha t  in the nondiabetic. Contradictory to 
this concept is that ,  although fasting hyperglycemia 
is present in the diabetic, the fasting insulin levels 
were similar in diabetics and nondiabetics implying 
tha t  tissues utilizing glucose do not respond to the 
available insulin and therefore there is an insufficient 
quant i ty  of insulin. However, it must  be emphasized 
tha t  this observation could be interpreted tha t  diabetes 
in this animal is still a pancreatic-related disease since 
the increased blood sugar would be expected to re- 
sult in sufficient insulin to control blood glucose 
levels. 

Comparison of pancreatic insulin of hamsters and 
man show tha t  they are similar since diabetics of both  
species have less pancreatic insulin than  nondiabeties 
[55]. Further,  in both species the severe ketotic diabe- 
tic has less pancreatic insulin than  the nonketotic 
diabetic [55]. Another similarity of diabetic man  and 
hamster  is tha t  plasma insulin of severe diabetics does 
not increase with a glucose load [58, 13, 25, 24]. 

Fasting plasma insulin in the mild-nonketotic-dia- 
befi t  man  and hamster  is normal [57, 59]. I t  is difficult 
to compare the relative increase in plasma insulin due 
to a glucose load in mild-diabetic man and Chinese 
hamster  since measurements were made in the non- 
fasted hamster  and following a glucose load in man. 
Nevertheless, in both  species plasma insulin increases 
significantly with hyperglycemia. This comparison is 
further complicated by  conflicting reports on the 
quanti tat ive plasma insulin changes following a glucose 
load in the mild diabetic man [57, 13, 30, 25]. 

An unexpected finding was the high level of plasma 
immunoreaet ive insulin (Ii~I) in diabetic and non- 
diabetic hamsters t reated with insulin for several 
months and bled 24 hours after the last injection. This 
increased I i~I  in the insulin-treated animals could be 
due to ant ibody-bound insulin. Supporting this ex- 
planation are the observations tha t  hamsters injected 
with insulin for two weeks had elevated levels of I t~I  
for 26 days ; whereas insulin injection for only one day  
did no t  result in increased I R I  18 hours after the 
injection. I t  was also unexpected to find tha t  the 
insulin-treated diabetics had significantly less plasma 
insulin than  t reated nondiabeties. This could be the 
result of increased metabolism of insulin in the diabe- 
tic, reduced synthesis and/or release of the endogenous 
insulin by the  diabetic resulting in a smaller net increase 
in plasma II~I, a decreased production of insulin 
antibodies in the diabetic or a combination of these 
factors. There is no evidence to support  the possibility 
tha t  the decreased I I~I  of the diabetic was due to 
increased metabolism of insulin. Since it was shown 
tha t  the plasma and pancreatic insulin of diabetics 
was decreased and since it  had been reported tha t  
diabetics are less capable of producing antibodies [12] 
it  seems likely tha t  a combination of these two factors 
could explain the decreased I I~I  in plasma of insulin 

t reated diabetic hamsters compared with insulin- 
t reated nondiabetic hamsters. 

A second possible explanation for diabetes is tha t  
the muscle and the fat  tissue of diabetic animals and 
man  are unable to utilize glucose a t  a normal rate 
either because of some inherent deficiency in the trans- 
port  or enzyme systems of the tissue or due to relative or 
absolute deficiency of insulin. Since in vitro, diaphragm 
muscle of ketotie and nonketotic diabetic hamsters 
utilized glucose at  the same rate  as tissue of the non- 
diabetic animals, i t  suggests tha t  the t ransport  and 
enzyme systems of the muscle of the diabetic hamster  
are unimpaired. This observation is different from tha t  
for muscle of animals made diabetic by  anti-insulin 
serum (GRI~GO]a et al. [22]), by  alloxan ( I ~ I I ~  and 
Co~I [31] and HALL [26] or pancreateetomy (MIGLIO~- 
I~E and C~AIKOFF [36] and ]~EATTE [1], since the 
muscles of these animals utilized glucose at  a decreased 
rate. The observation tha t  glucose utilization by  musc- 
le from diabetic Chinese hamsters was normal is in 
agreement with the observation of MAGYA~ [33] tha t  
muscle tissue from mild human diabetics took up 
normal amounts of glucose in vitro. A fundamental  
difference therefore exists in muscle tissue from diabetic 
hamsters and man  compared with muscle from animals 
made diabetic through insulin deficiency. 

I t  has been the general finding tha t  adipose tissue 
of alloxan-diabetie animals (HAUS~]~GE~ et al. [27], 
MZr,LSTEIN and HAUSBE~GE~ [38], W~EG~AD and 
SEAW [53] and WINEG~D and RE~OLD [54]; depan- 
creatized rats  (MmLIORINE and Cm~IKOFF [36] and 
FAIN et M. [14]; and antiinsulin-indueed diabetes 
(TA~AN~ and ASItMORE [48] and DIXIT et al. [10]) 
have a decreased ability to oxidize glucose to C0~ or 
convert glucose to fa t ty  acids and glycerol. Fa t  tissue 
from human diabetics has been reported to oxidize 
glucose to CO~ and synthesize f a t ty  acids a t  a normM 
rate ( B J O ~ T o ~  [2] and CAR~so~ and OSTMA~ [8]). 
The adipose tissue from diabetic hamsters is similar 
to human fat  tissue since diabetes in the hamster  does 
not alter the ability of adipose tissue to oxidize glucose 
to CO~ or convert glucose to fa t ty  acids and glycerol 
in vitro. I t  can therefore be concluded tha t  the trans- 
port  and enzyme systems for glucose utilization in 
adipose tissue and diaphragm muscle of the hamster  
are functional. However, since these studies on fat  and 
muscle tissue were done in vitro, it is possible tha t  in 
the environment of the diabetic animal the tissues do 
not possess normal metabolism. Fur ther  support  
for the view tha t  the utilization of glucose is similar 
in diabetic and nondiabetic hamsters is tha t  the 
glucose tolerance curves of both  types of animals were 
similar in shape. I t  is possible tha t  plasma insulin of 
diabetics was sufficient to maintain the t ransport  
system and enzyme system of both  muscle and fa t  
tissue but  not able to control blood glucose levels. 

A third possible explanation for diabetes is abnor- 
mal  metabolism of the liver. In  the present studies, 
even though fasting plasma insulin levels were normal 
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in the  d iabet ics  and  t issues of d iabe t ic  hams te r s  used 
glucose a t  n o r m a l  ra tes ,  the  d iabet ics  st i l l  exh ib i t  a 
fas t ing  hype rg lycemia  and  glucosuria .  This  would  
suggest  t h a t  the  l iver  m u s t  be p roduc ing  glucose a t  an  
increased  r a t e  in the  d iabet ic .  I t  has  been observed  
t h a t  glucose me tabo l i sm b y  the  l iver  of d iabe t ic  an imals  
is different  f rom t h a t  of normals  [23, 52, 5]. Add i t i ona l  
suppor t  impl ica t ing  the  l iver  as a cause of hype r -  
g lycemia  in  t he  d iabe t i c  is t h a t  glucose o u t p u t  b y  
the  l iver  of d iabe t ic  m a n  a n d  animals  is increased  [3, 
56, 16]. T h a t  the  l iver  of the  d iabe t ic  Chinese ha ms t e r  
is a b n o r m a l  is sugges ted  b y  d a t a  r epo r t ed  b y  RENO~) 
[42] t h a t  ox ida t ion  of glucose-1 a n d  glucose-6-~C to  
C02 b y  l iver  of the  d iabe t ic  h a m s t e r  is depressed.  A n  
add i t i ona l  obse rva t ion  suggest ing t h a t  the  l iver  of the  
d iabe t ic  h a m s t e r  is n o t  s imi lar  to  t h a t  of the  n o r m a l  
an imal  is t h a t  fas t ing l iver  g lycogen of d iabet ics  is 
m a r k e d l y  e levated .  This e leva t ion  in  l iver  glycogen 
has  also been  r epo r t ed  to  occur in  a l loxan-d iabe t i c  
ra t s  [18] and  poss ib ly  d iabe t ic  m a n  [4]. 

I n  conclusion, d a t a  r epo r t ed  here for the  Chinese 
hams t e r  and  ava i lab le  in fo rma t ion  on h u m a n  d iabet ics  
suggest  t h a t  d iabe tes  in these  two species m a y  be a 
resul t  of a b n o r m a l  insul in secret ion b y  the  pancreas  
and  a b n o r m a l  glucose o u t p u t  b y  the  l iver  r a the r  t h a n  
a decreased glucose me tabo l i sm b y  muscle  a n d  fa t  
t issue. 
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