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Summary, Recent studies have demonstrated that cholesterol 
synthesis is increased two- to threefold in the intestines of 
streptozotocin-induced dial?eric rats. Cholesterol synthesis in 
tissues other than the intestines, including the liver, was not 
significantly altered by diabetes. In diabetic Chinese ham- 
sters, cholesterol synthesis was increased 2.5-fold in both the 
small and large intestine. These observations are similar to our 
findings in diabetic rats and suggest that a stimulation of in- 
testinal cholesterogenesis may be a uniform phenomenon in 
insulinopenic diabetes. In db/db mice, cholesterol synthesis 
was increased in both the liver and intestines but quantitative- 
ly the increase in hepatic cholesterogenesis was of much great- 
er magnitude. Cholesterol feeding, which markedly inhibited 
hepatic cholesterol synthesis in both control and db/db mice, 
did not obliterate this difference in hepatic cholesterol synthe- 
sis. In ob/ob mice, the severity of the metabolic disturbances 

was less than that observed in db/db mice and no abnormali- 
ties in cholesterol synthesis were observed in animals ingest- 
ing a low cholesterol diet. However, in ob/ob mice fed a high 
cholesterol diet, hepatic cholesterol synthesis was increased. 
These observations suggest that in obese insulin resistant dia- 
betic animals of milder severity, the abnormality in hepatic 
cholesterol synthesis manifests itself only when the animals 
are ingesting a high cholesterol diet. The results of this and 
previous studies suggest that in insulinopenic diabetes there is 
a stimulation of cholesterol synthesis that is localized to the 
intestines, whereas in obese, insulin-resistant diabetic animals, 
cholesterol synthesis is altered in the liver. 
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Recent studies using tritiated water as the radiolabel for 
quantifying cholesterogenesis demonstrated that in in- 
tact animals cholesterol synthesis is increased two- to 
threefold in the gut of streptozotocin-induced diabetic 
rats compared with controls [1]. Enhancement of cho- 
lesterogenesis occurred soon after the onset of diabetes 
and persisted for an extended period of time. The in- 
crease in gut cholesterol synthesis was due to the stimu- 
lation of cholesterogenesis in both the small and large 
intestine of the diabetic rat, but quantitatively, the smalI 
intestine was primarily responsible for the observed in- 
crease in cholesterogenesis. Studies of the incorporation 
of acetate into cholesterol in vitro have also demon- 
strated increased cholesterol synthesis in the small in- 
testine of the diabetic rat [2]. In addition, diabetes has 
been shown to increase the activity of 3-hydroxy-3- 
methylglutaryl coenzyme A reductase, the rate limiting 
enzyme of cholesterol synthesis, in the rat small intes- 
tine [2-4]. Cholesterol feeding, which did not affect cho- 
lesterol synthesis in either the small or large intestines of 
normal animals, resulted in a marked reduction in small 

intestinal cholesterol synthesis in diabetic rats to levels 
that were similar to those observed in controls [5]. In 
contrast, cholesterol ingestion did not affect the in- 
creased cholesterol synthesis observed in the large intes- 
tines of diabetic animals [5]. Cholesterol synthesis in tis- 
sues other than the intestines, such as the liver, skin, 
stomach and remaining carcass, was not significantly 
altered by diabetes [1]. Most importantly, insulin thera- 
py, which normalized blood glucose, markedly de- 
creased gut cholesterol synthesis to levels only slightly 
greater than those in controls [1]. 

Cholesterol synthesized by the intestines has two 
major fates. Firstly, these sterols can be utilized in situ 
by intestinal cells for the synthesis and maintenance of 
cell membranes. Secondly, the newly synthesized sterols 
can be transported by the lymph to the bloodstream and 
it is well known that the intestines are an important 
source of plasma cholesterol [6, 7]. Studies in control 
and streptozotocin-induced diabetic rats whose thorac- 
ic ducts were cannulated have demonstrated that newly 
synthesized cholesterol in the 24-h lymph drainage was 
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increased in the diabetic animals compared with con- 
trols [8]. These observations suggest that the increased 
cholesterol synthesized in the intestines of diabetic ani- 
mals potentially contributes to the elevation of plasma 
cholesterol that is characteristic of diabetes. 

The purpose of the present study was to determine 
whether other animal models of diabetes demonstrated 
similar disturbances in cholesterol synthesis as were 
noted in the streptozotocin-induced diabetic rat. The 
three models that we chose to study were the db/db 
mouse, the ob/ob mouse, and the diabetic Chinese 
hamster. Both the db/db and ob/ob mouse develop a 
genetic type of diabetes that is associated with obesity, 
hyperinsulinaemia and insulin resistance [9]. These ani- 
mal models are thus analogous to non-insulin-depen- 
dent diabetes. The spontaneously diabetic Chinese 
hamsters used in the present study are thin, insulin- 
openic and mildly ketotic and, thus, are analogous to an 
insulin-dependent diabetic model [10]. It should be not- 
ed that the streptozotocin-induced diabetic rat also 
represents an insulinopenic, insulin-dependent animal 
model of  diabetes. 

Methods 

Animals 

The diabetic Chinese hamsters and control animals were kindly pro- 
vided by Dr. G. C. Gerritsen, Upjohn, Kalamazoo, Michigan. The ob/  
ob and control mice + / + (Strain C57BL/6J) and db/db and control 
mice + / + or + / d b  (Strain C57BL/KsJ) were purchased from Jack- 
son Laboratories, Bar Harbor, Maine. Animals were maintained on a 
reverse 12-h light cycle (03,00-15.00 h dark, 15.00-03.00 h light) for a 
minimum of 2 weeks. The mice were fed rat and mouse diet (Simon- 
sen, Gilroy, California) and water ad libitum. Where indicated, a 2% 
cholesterol diet (ICN Biochemicals, Cleveland, Ohio) was substituted 
for the usual chow. The Chinese hamsters were fed Purina Mouse 
Breeder Chow (St. Louis, Missouri) and water ad libitum. 

Materials 

Tritiated water (1 Ci/g) and 26-14C-cholesterol (0.5 Ci/0.33 g) were 
purchased from New England Nuclear, Boston, Massachusetts. Be- 
fore use, the purity of the ~4C-cholesterol was determined by thin layer 
chromatography and found to be >95% pure. Thin layer polygram sil 
G plates were purchased from Brinkmann Instruments, Westbury, 
New York. Ultrafluor scintillation fluid was obtained from National 
Diagnostics, Somerville, New Jersey. Ketodiastix were obtained from 
Ames, Elkhart, Indiana. 

Experimental protocol 

Between 08.00 and 09.00 h the aminals were injected IP with 3H20 
(10 mCi). The animals did not have access to either food or water dur- 
ing these experiments. Six hours later the animals were killed, 
weighed and a blood specimen obtained. In two experiments, the ani- 
mals were injected with 20 mCi of 3H?O and killed 1 h later. The se- 
rum was separated by centrifugation. The organs studied were re- 
moved and individually weighed and saponified by refluxing 
overnight in a solution of 45% potassium hydroxide, water, and 70% 
ethyl alcohol (2 : 1 : 5). After cooling an internal standard of 14C-cho- 
lesterol was added before extracting the cholesterol three times with 

petroleum ether (25 ml). In some instances, the petroleum ether ex- 
tract was washed with 50% ethanol-H20 (15 ml), dried, dissolved in 
chloroform and applied to thin layer chromatography plates. The 
plates were developed in ethyl acetate: benzene (1 : 5) for 50 rain and 
the band corresponding to standards of cholesterol was cut from the 
plate and counted. The gain and discriminator window settings of the 
scintillation counter (Beckman Instruments, Irvine, California) were 
adjusted so that < 0.2% of the 3H counts were recorded in the aac win- 
dow and approximately 10% of the ~4C counts were recorded in the 
~H window. Calculations were corrected for the spillover of 3H and 
14C, for background, and for recovery of internal standard. The spec. 
act. of 3H was determined for each animal by measuring the dpm/ml 
of plasma at the end of the experiment and dividing by mmol water/ 
ml plasma (52 mmol/ml plasma, assuming that plasma is 92% water). 
In each individual experiment, the spec. act. was similar in the control 
and diabetic animals. 

Digitonin precipitable sterols were determined after saponifica- 
tion and petroleum ether extraction. The dried petroleum ether ex- 
tract was solubilized in acetone:ethanol (1:1). The acetone:ethanol 
was neutralized with 10% acetic acid and then incubated with 0.5% 
digitonin in 50% ethanol overnight (12 h) at room temperature. The 
digitonin precipitable sterols were centrifuged at 2,500 rev/min for 
15rain and the supernatant discarded. The precipitate was then 
washed with acetone : diethyl ether (1 : 2), centrifuged and dried. This 
wash procedure was repeated twice more with anhydrous diethyl 
ether. The digitonin precipitate was dissolved in pyridine, water 
added and the mixture extracted with petroleum ether. The dried pe- 
troleum ether extract was counted in Ultrafluor under the conditions 
described above. 

Tissue cholesterol content was assayed by the method of Ham us- 
ing the dried petroleum ether extract of saponified tissue [11]. Two ml 
of a solution of paratoluene sulphonic acid (80 g) made up to 1 litre 
with glacial acetic acid and 100 ml H2S04 was added to each extract 
and after incubation in a boiling water bath for 5 min and cooling, the 
absorption determined at 475 nm with a spectrophotometer (Beck- 
man Model 24, Beckman Instruments, Irvine, California). Serum glu- 
cose was measured with a glucose analyzer (Yellow Springs Instru- 
ments, Yellow Springs, Ohio). Statistical significance was determined 
using a two tailed Student's t-test. 

Results 

Cholesterol synthesis in diabetic Chinese hamsters 

In the diabetic Chinese hamster cholesterol synthesis 
was significantly increased in both the small and large 
intestine (Table 1). In the small intestine, cholesterol 
synthesis was increased 2.5-fold (p<0.001) and in the 
large intestine 2.4-fold (p<0.001) compared with con- 
trois. This difference in cholesterogenesis persists in 
both the small and large intestine, even when the data 
are expressed on a per g weight basis. Hepatic choles- 
terol synthesis on either a total organ or a per g weight 
basis was not significantly different in the diabetic Chi- 
nese hamsters. These results indicate that, similar to ob- 
servations in streptozotocin-induced diabetic rats, cho- 
lesterol synthesis in both the small and large intestine is 
enhanced in diabetic Chinese hamsters. 

Cholesterol synthesis in db/db mice 

Cholesterol synthesis was compared in control and db/  
db mice at 6, 9, and 12 weeks of age (Table 2). As expect- 
ed, at the three age groups studied, the total body 
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Table 1. Cholesterol synthesis in control and diabetic Chinese hamsters 
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Hamsters Weight (g) 

Total body Liver Small Large 
intestine intestine 

Glucose(mmol/0 3H20 incorporated into cholesterol 
(gmol- organ -1. 6 h -1) 

Liver Small Large 
intestine intestine 

Control (n= 9) 24.7+0,8 1.19• 0.90_+0.05 1.12_+0.06 7.0+0.3 1.73• 1.10• 1.10_+0.11 
(6.0_+ 0.2) 

Diabetic (n= 7) 2 5 . 3 _ + 1 . 3  1.51_+0.07 1.40_+0.05 1 .95_+0.15 18.1• 3.36+0.81 2.76_+0.32 2.63• 
(19.4 _+ 0.9) 

NS p < 0.01 p < 0.001 p < 0.001 p < 0.001 NS p < 0.001 p < 0.001 
(p<o.ool) 

Results are expressed as mean _+ SEM. Serum glucose values were obtained at the termination of study; values in parentheses are fasting levels 
obtained several weeks before the study. NS = not significant. 

Table 2. Cholesterol synthesis in control, db/db and ob/ob mice 

Mice Weight (g) 

Total body Liver Gut 

3H20 incorporated into cholesterol 
(~tmol - organ -1- 6 h -a) 

Liver Gut 

Serum glucose 
concentration 
(mmol/1) 

6 weeks 
db /db  (n=4) 31.0+0.6 a 2.23+0A7 a 2.17+0.14 b 11.3+0.6 ~ 6.9+0.56 29.1 +3.0a (n=8) 
Control (n = 4) 17.9 • 0.95 0.98 + 0.02 1.65 + 0.01 6.2_+ 0.7 5.1 + 0.2 8.2 ___ 0.9 (n = 8) 
ob/ob (n=4) 37.2+_1.5 a 3.06+0.18 a 2.18+0.08 ~ 8.6+0.6 3.9+0.2 11.6+0.8~ (n =16) 
Control (n = 3) 16.9 • 1.3 0.94 + 0A1 1.47 + 0.13 6.5 + 1.3 3.9 + 0.5 7.9 • 0.7 (n = 13) 

9 weeks 
db /db  (n =5) 36.1• 2.47+0.18 a 2.70_+0AP 13.4• c 6.9+0.6 a 17.8• (n =8) 
Control (n = 5) 17.6 • 0.2 0.89 • 0.02 1.33 + 0.01 6.1 • 0.3 5.0 _+ 0.3 6.1 • 0.6 (n = 7) 
ob/ob (n =4) 40.8+0.9 a 2.83+0.15 ~ 2.05_0.09 c 12.4• 6.7+0.3 12.3 • (n =4) 
Control (n =4) 19.1__.0.4 0.96• 1.43• 10.9+1.2 6.8+0.6 7.9_+0.6 (n =4) 

12 weeks 
db /db  (n =4) 50.0+1.4" 3.0 +0.09 ~ 2.50___0.02" 8.4+0.6 ~ 4.9+0.2 27.7 • (n =6) 
Control (n =4) 19.2+1.1 1.0 +0.05 1.70+0.11 5.7+0.4 4.1 +0.2 8.3 +0.9 (n =8) 
ob/ob (n =4) 47.9+1.4 a 3.61+0.20 a 2.36_+0.18 b 8.7+0.9 5.5• 18.8+0.8b (n =30) 
Control (n = 3) 17.0 + 1.4 0.84_+ 0.07 1.48 -+ 0.17 7.3 _+ 0.4 4.3 • 0.1 7.8 _+ 0.4 (n = 23) 

The results are expressed as mean_+ SEM with the number of mice in parentheses. 
a p<0.001; b p<0.02; c p < 0 A ; a  p<0.05 

weight, liver weight, and gut weight were increased in 
the db/db mice compared with control mice. The db/  
db mice also, as expected, exhibited marked hyper- 
glycaemia with blood glucose concentrations at 6 
and 12weeks averaging approximately 28.5mmol/1 
(Table 2). Hepatic cholesterol synthesis was significant- 
ly increased at 6, 9, and 12 weeks of age in the db/db 
mice. This enhancement of cholesterol synthesis in the 
livers of db/db mice compared with controls varied 
from as high as a 2.2-fold increase at 9 weeks (p< 0.01) 
to as low as a 1.5-fold increase at 12 weeks (p< 0.01). It 
should be noted that hepatic cholesterol synthesis was 
also increased 2.1-fold 1 h after the administration of 
3H20 in 9 week old db/db mice, demonstrating that the 
inter-organ transfer of cholesterol during the above 
studies did not account for our observations (control: 
1.34+0.20 versus db/db mice: 2.81 +0.31 .ttmol 3H20 
incorporated, organ -1. h -l ,  p <  0.01). Clearly, because 
of the marked hypertrophy of livers of db/db mice, if 
the results were presented on a per g weight basis, cho- 

lesterol synthesis would be decreased in the livers of the 
db/db mice in comparison to controls. It must be recog- 
nized, though, that a significant portion of the increase 
in liver weight in the db/db animals is secondary to fat- 
ty infiltration. Moreover, from the point of view of cho- 
lesterol balance of the organism, cholesterol synthesis 
expressed per total organ is probably of greater signifi- 
cance than that expressed per unit of mass. 

Cholesterol synthesis was significantly increased 
also in the gut (small intestine and large intestine) of 
db/db mice at 6 and 9 weeks. At 12 weeks the increase 
in cholesterol synthesis in the gut of db/db mice was 
not statistically significant. It should be noted that, 
�9 quantitatively, in comparison to the large difference in 
cholesterol synthesis in the livers, the difference in cho- 
lesterol synthesis between the gut of control and db/db 
mice is small. Figure 1 illustrates the distribution of cho- 
lesterol synthesis in the gut of control and db/db mice. 
Cholesterol synthesis was significantly increased in the 
small intestine of db/db animals (control: 3.8 versus 
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Table 3. Effect of cholesterol feeding on cholesterol synthesis in control, db/db, and ob/ob mice 
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Mice Weight (g) 

Total body Liver Gut 

3H20 incorporated into cholesterol 
(btmol- organ -~- 6 h q)  

Liver Gut 

6 weeks 
db/db (n = 4) 
Control (n = 4) 

ob/ob (n = 4) 
Control (n = 4) 

12 weeks 
db/db (n = 3) 
Control (n = 4) 

ob/ob (n = 4) 
Control (n = 4) 

31.6• 2.54-+0.23 2.54-+0.17 2.4 •  3.3• 
18.1-+0,6 0.98-+0.03 1.76• 0.5 •  3 .0•  
p<0 .00t  p<0 .00t  p < 0 . 0 i  p<0 .0 t  NS 
34.6_+0.7 3.81_+0.13 2.66_+0.08 1.58_+0.20 2.7•  
18.3_+0.7 1.21• 1.68• 0.34• 2.4• 
p<0.001 p<0.001 p<0.001 p<0,001 NS 

52.5 • 1.3 5.79 + 0.49 2.89 • 0.03 1.2 -+ 0.2 2.2 • 0.2 
20.9+1.0 1.27_+0.04 1.89_+0.14 0.5 _+0.1 2.0• 
p < 0.001 p < 0.001 p < 0.01 p < 0.05 NS 
45.1 _+ 1.8 3.15 + 0.25 2.69 • 0.15 3.22 • 0.28 3.2 • 0.3 
17.5 + 0.6 0.97 _+ 0.04 2.40 • 0.11 0.45 _+ 0.09 3.8 • 0.2 
p <  0.001 p <  0.001 NS p <  0,001 NS 

The results are expressed as mean +_ SEM 
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Fig.l .  Control and db/db mice were fed a low cholesterol diet ad 
libitum. At 9 weeks of age, animals were injected IP with 10 mCi of 
~H20. At 6 h the animals were killed and the small and large intestines 
were saponified and 3H-cholesterol was assayed. Data presented are 
mean + SEM, rn control n = 5 ; I~ db/db mice, n = 5 

db/db mice: 5.4 gmol 3 H 2 0  incorporated into choles- 
terol in 6 h, p < 0.02) but was similar in the large intes- 
tine. 

These results demonstrate that, in contrast to our 
observations of the major importance of intestinal cho- 
lesterogenesis in streptozotocin-induced diabetic rats 
and diabetic Chinese hamsters, in db/db mice, choles- 
terol synthesis was enhanced primarily in the liver, with 
only a modest and variable increase in the intestine. 

Cholesterol synthesis in ob/ob mice 

Cholesterol synthesis was compared in control and ob/  
ob mice at 6, 9, and 12weeks of age (Table2). Total 
body weight, liver weight, and gut weight were signifi- 
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Fig. 2. Control and ob/ob  mice were fed either a low cholesterol diet 
or a 2% cholesterol diet. At 7 and 11 weeks of age, animals were inject- 
ed IP with 10 mCi of 3H20. At 6 h the animals were killed and the liver 
saponified and assayed for 3H-cholesterol after extraction with petro- 
leum ether and digitonin precipitation as described in the Methods 
section. Data presented are mean • SEM. There were four animals in 
each group: ~ ;  control; ~ ob/ob  mice; ~ control, cholesterol-fed 
mice; ~ ob/ob,  cholesterol-fed mice 

cantly increased at all ages in the ob/ob mice compared 
with control mice. As expected, the ob/ob mice were 
also hyperglycaemic but, in comparison to the db/db 
mice, the degree of hyperglycaemia was relatively mod- 
est in the ob/ob animals (Table 2). Cholesterol synthesis 
at all age periods studied was similar in the liver and gut 
of the control and ob/ob mice. There was also no differ- 
ence in cholesterol synthesis in either the small or large 
intestine of control and ob/ob mice. These findings 
demonstrate that hyperglycaemia, to the degree ob- 
served in genetically diabetic ob/ob mice (C57BL/6J 
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strain), does not stimulate cholesterol synthesis in either 
the intestines or liver. 

The effect of  cholesterol feeding on cholesterol synthesis 
in db/db mice 

Hepatic cholesterol synthesis is enhanced in cholester- 
ol-fed db/db mice (Table3). At 6weeks, cholesterol 
synthesis was increased 4.8-fold (p<0.0i)  and at 
12weeks 2.4-fold (p<0.05) in the liver of  cholesterol- 
fed db/db mice compared with control mice. In com- 
parison to mice studied simultaneously, ingesting the 
usual low cholesterol diet, hepatic cholesterol synthesis 
was markedly inhibited in both control and db/db mice 
(cholesterol-fed control 8%, 9%; cholesterol-fed db/db 
mice 21%, 14%). Cholesterol synthesis in the gut of cho- 
lesterol-fed control and db/db mice was not significant- 
ly different. These results indicate that cholesterol feed- 
ing, while significantly inhibiting hepatic cholesterol 
synthesis in both groups of animals, does not obliterate 
the previously observed increase in cholesterol synthe- 
sis in the livers of db/db mice. 

The effect of  cholesterol feeding on cholesterol synthesis 
in ob/ob mice 

In the previous experiments, animals fed the usual low 
cholesterol diet failed to demonstrate a difference in 
cholesterol synthesis in the liver or gut of  ob/ob and 
control animals. However, in mice ingesting a 2% cho- 
lesterol diet, cholesterol synthesis was relatively greater 
in the livers of the ob/ob mice (Table3). Cholesterol 
synthesis was 4.6-fold greater at 6 weeks (p< 0.001) and 
7.2-fold greater at 12 weeks (p< 0.001) in the ob/ob ani- 
mals in comparison to controls. Similarly, I h after the 
administration of 3HzO water, hepatic cholesterol syn- 
thesis was increased 5.5-fold in l 1-week-old ob/ob 
mice compared to control mice. Cholesterol synthesis in 
the gut of the cholesterol-fed control and ob/ob mice 
was not significantly different. 

To ascertain the validity of our observations, we re- 
peated these studies using a different method, digitonin 
precipitation, for quantitating the incorporation of 
3H20 into cholesterol. Hepatic cholesterol synthesis at 
both 7 and 11 weeks in animals ingesting the usual low 
cholesterol diet was not significantly different in control 
and ob/ob animals (Fig. 2). In animals fed a 2% choles- 
terol diet, cholesterol synthesis in the livers of both con- 
trol and ob/ob animals was markedly inhibited. How- 
ever, cholesterogenesis in the cholesterol-fed ob/ob 
mice was significantly increased in comparison to con- 
trols, confirming our previous observations. Cholesterol 
synthesis was 3.9-fold greater at 7 weeks (p < 0.001) and 
2.6-fold greater at 11 weeks (p< 0.001) in the ob/ob ani- 
mals. These results indicate that cholesterol synthesis in 
the liver of ob/ob mice was significantly increased com- 
pared with controls if the animals were ingesting a high 
cholesterol diet. This finding is in contradiction to the 
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absence of a difference in hepatic synthesis in ob/ob 
and control mice fed a low cholesterol diet. 

This difference in hepatic cholesterogenesis in cho- 
lesterol-fed animals was not likely to be secondary to a 
failure of gastrointestinal absorption or transport of 
cholesterol to the liver because, with cholesterol feed- 
ing, the total concentration of cholesterol increases sig- 
nificantly in the livers of both the control and ob/ob 
animals (control, n--- 4:4.43 + 0.08 mg/g liver, control 
cholesterol-fed, n=4 :  7.79 _+ 0.56 mg/g liver, ob/ob, 
n = 4 :5 .29  + 1.08 mg/g liver, ob/ob cholesterol-fed, 
n--4: 15.24_+ 0.72 mg/g liver: control versus control 
cholesterol-fed p<0.01, ob/ob versus ob/ob cholester- 
ol-fed, p <  0.001). 

Discussion 

In the present studies, cholesterol synthesis was quanti- 
fied using tritiated water as the radiolabel in three dif- 
ferent diabetic animal models. The diabetic Chinese 
hamsters are thin, insulinopenic, and mildly ketotic and 
thus represents an animal model of insulin-dependent 
diabetes [10]. The db/db and ob/ob mice were obese, 
hyperinsulinaemic, and insulin-resistant and thus repre- 
sent an animal model of non-insulin-dependent diabe- 
tes [9]. It should be recognized that as reported by others 
and observed in this study, the diabetes associated 
metabolic disturbances in the db/db mouse (strain 
C57BL/KsJ) was of much greater severity than that in 
the ob/ob mouse (strain C57BL/6J) [91. 

In the diabetic Chinese hamsters, cholesterol syn- 
thesis was increased approximately 2.5-fold in both the 
small and large intestine compared with control ani- 
mals. In the liver, however, there was no significant dif- 
ference in cholesterogenesis between control and dia- 
betic Chinese hamsters. These observations are identi- 
cal to our previous findings in streptozotocin-induced 
diabetic rats [1], another animal model of insulin-depen- 
dent diabetes, and suggest that a stimulation of intesti- 
nal cholesterogenesis may be a uniform phenomenon in 
poorly controlled insulin-dependent diabetes. 

In the db/db mouse, cholesterol synthesis was in- 
creased in both the liver and intestine but quantitatively 
the increase in hepatic cholesterogenesis in db/db mice 
was of much greater magnitude. The increase in choles- 
terol synthesis in the liver of db/db mice ranged from a 
1.5-fold at 12 weeks to 2.2-fold at 9 weeks of age. Cho- 
lesterol feeding, which markedly inhibited hepatic cho- 
lesterol synthesis in both control and db/db mice, did 
not obliterate the difference in hepatic cholesterol syn- 
thesis. Cholesterol synthesis in the liver of cholesterol- 
fed db/db mice was 4.08-fold greater at 6 weeks and 
2.4-fold greater at 12 weeks compared with cholesterol- 
fed control animals. The small increase in intestinal 
cholesterol synthesis observed in db/db mice ingesting 
the usual low cholesterol diet was not observed in the 
cholesterol feeding experiments. These observations 
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suggest that, in contrast to insulin-dependent diabetes 
in which disturbances in intestinal cholesterol synthesis 
are of major importance, in severe non-insulin-depen- 
dent diabetes, increases in hepatic cholesterol synthesis 
are the primary abnormality associated with the diabet- 
ic state. 

In the ob/ob mice fed the usual diet, no abnormali- 
ties in cholesterol synthesis were observed in either the 
liver or intestines. Earlier studies by Jansen et al em- 
ploying t4C glucose as the radiolabel and studies by 
Christophe and Mayer using 14C acetate as the radio- 
label also failed to demonstrate alterations in hepatic 
cholesterol synthesis in ob/ob mice [12, 13]. The basis 
for the differences in hepatic cholesterol synthesis in 
ob/ob and db/db mice is not known but one could 
speculate that it is perhaps related to differences in the 
severity of the metabolic disturbances in the two animal 
models of non-insulin-dependent diabetes. 

In contrast to our observations in ob/ob mice fed 
the standard diet, experiments quanfitating cholesterol 
synthesis in control and ob/ob animals fed a 2% choles- 
terol diet demonstrated differences in cholesterogene- 
sis. In animals ingesting a 2% cholesterol diet, hepat- 
ic cholesterol synthesis was consistently increased 
(6 weeks, 4.6-fold; 7 weeks, 3.9-fold; 11 weeks, 2.6-fold; 
12 weeks, 7.2-fold) in ob/ob mice compared with con- 
trol. No differences in intestinal cholesterol synthesis 
were observed. This difference was not due to a failure 
of exogenous cholesterol to be absorbed or transported 
to the liver because the hepatic cholesterol concentra- 
tion increased significantly in both control and ob/ob 
mice. In fact, the magnitude of change in cholesterol 
concentration and the absolute final cholesterol con- 
centration in the liver were greater in the cholesterol-fed 
ob/ob animals than in cholesterol-fed controls. These 
observations indicate that there is an increase in hepatic 
cholesterol synthesis in ob/ob animals but that this ab- 
normality manifests itself only when the animal is in- 
gesting a high cholesterol diet. Thus, this animal model 
of non-insulin-dependent diabetes also exhibits a dis- 
turbance in hepatic cholesterogenesis. 

In conclusion, the results of this and previous stud- 
ies suggest that in poorly controlled insulin-dependent 
diabetes there is a stimulation in cholesterol synthesis 
which is localized to the intestines, whereas in non-insu- 
lin-dependent diabetes cholesterol synthesis is altered 
in the liver. 
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