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ABSTRACT
Background: Several rodent models are available to study obesity and obesity associated
diabetic problems. We developed an obese mutant rat model viz., WNIN/GR-Ob from our existing WNIN (Inbred Wistar) stock of rats, which
exhibit hyperglycemia on challenge with oral
glucose. Since such impaired glucose tolerance
(IGT) is a fore runner to frank diabetes status, we
carried out a study to challenge the animals with
different purified carbohydrate sources (glucose,
sucrose, starch) and see the outcome. Methods:
48 obese rats of both genders and equal number
of lean littermates of 35 days of age were taken
for the study and were divided in to four groups,
A, B, C, and D. A group received purified glucose based diet, B, received purified sucrose, C,
received purified starch and the D, served as the
control, receiving standard laboratory rat chow
developed at our centre, containing roasted
bengal gram as the source of carbohydrate. All
diets were isocaloric in nature and contained
56% carbohydrate in principle. Animals were fed
for 8 weeks and parameters like food intake,
body weights, and plasma glucose and insulin
levels were measured in experimental and control rats at initial, 4 weeks and 8 weeks. Results:
As expected, food intake, body weight and feed
efficiency ratio were significantly higher in
obese rats of all groups as compared to their
lean littermate controls and also higher in stock
diet, compared to purified diets. Both lean and
obese animals showed higher values of glucose
and insulin on purified diets compared to control
diet. But amongst lean and obese animals, the
latter showed sexual dimorphism in their response, the situation being worse in starch fed
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(C) group. Amongst the obese animals, the
males seem to suffer more, compared to females,
in starch fed group, followed by glucose and
sucrose fed in that order. Conclusions: WNIN/
GR-Ob rats thus seem to be a useful animal
model, vulnerable to diet manipulations, especially to carbohydrates. This has the potential to
be used as a diabetic model, more akin to human systems, where diet is the major trigger for
precipitating diabetes.
Keywords: Purified Diets; Frank Diabetes;
Hyperphagia; Plasma Glucose; Hyperinsulinemia

1. BACKGROUND
Obesity has reached epidemic proportions in developed countries, affecting 20% - 30% of men and 30% 40% women on an average. The scenario is rapidly
changing in countries like India too, where in people in
affluent environments, are at risk due to increase in the
incidence of obesity [1]. It is now widely recognized as a
complex and seriously debilitating nutritional disorder,
associated with an increased risk of major diseases including cardiovascular [2,3] and cerebrovascular diseases [4], diabetes [5] and osteoarthritis [6]. The association of type II diabetes with obesity is very well known
and its prevalence has increased in recent years, which is
related to weight and sedentary lifestyle [7]. Around 171
million people are affected globally in 2000 and this
number is likely to cross 366 million by 2030 [8]. Diabetes, thus no doubt, is one of the major non-communicable diseases World wide and biomedical research is
currently fully focused on delineating the cause and effect of this metabolic disorder. Though research directly
on obese human will be ideal to address this problem,
there is limitation to such an approach, as it borderlines,
ethics. Moreover, to understand the basic nature of the
problem suitable animal models mimicking human conOPEN ACCESS
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dition will be more apt.
Animal research on obesity and diabetes revolved
around on genetic, traumatic and environmental models,
especially the interaction of environmental factors like
dietary factors. In modern times, people are constantly
exposed to a tremendous variety and quantity of appetizing high caloric food which epidemiologically has been
shown to be linked to obesity and diabetes. Several animal models, especially rodents were developed in the
West to study this human affliction. Some of these well
known mutant animal models are the following: db/db
mice, New Zealand Obese (NZO) mice, Kondo-Kondo
mice (KK) and Zucker Diabetic Fatty (ZDF), Wistar
Diabetic Fatty (WDF) rats. These are genetically obese
and show symptoms of diabetes at various stage of their
life span, and this was shown to be accelerated by selective feeding of purified diets [9,10].
At our animal facilities, we are maintaining one of the
oldest stocks of Wistar strain of rats (95 years approx) in
inbred status. From this colony, a mutant line of lean rats
showing impaired glucose tolerance (IGT) was earlier
identified, which showed hypertriglyceridemia, hypeinsulinema and hypercholeteolemia with a marginal increase in free fatty acids, and were designated as WNIN/
GR rats [11] and was maintained as an inbred colony.
Around the same time, another mutant rat line with obesity and euglycemia was isolated and a colony of this
was also established, and was designated as WNIN/Ob.
These mutant rats show higher BMI, higher body fat and
lower lean body mass as compared to lean littermates.
They also show hyperphagia, hypercholesterolemia, hypertriglyceridema, hyperinsulinemia and hyperleptinemia
[12]. The obesity trait in this strain was found to be due
to autosomal incomplete dominant inheritance, and the
litter consisted pups of homozygous lean (+/+), heterozygous carrier (+/−) and homozygous obese (−/−),
with distinct phenotype in a 1:2:1 Mendelian ratio, respectively. These phenotypes showed distinct genotypes
with respect to physical, physiological and biochemical
indices of obesity [12]. Combining the traits, obesity as
well as IGT, another stock of rats was developed by
crossing the WNIN/GR and WNIN/Ob carrier (+/−) rats.
The resulting rat strain was called WNIN/GR-Ob as it is
obese and exhibit IGT as well [13]. Like the obese parent
(WNIN/Ob) the life span of WNIN/GR-Ob obese rats
were also found to be reduced to half (1 1/2 year), and as
they cross one year, they were found to develop opportunistic infections, cataract and retinal degeneration (10%
- 15%) [14], mammary tumors and lipomas (over 50% 60%), and kidney abnormalities totally [15]. In recent
times they started showing hypertension as well [16].
Since these mutant obese rats consume large amount
of feed, a study was conducted earlier to minimize the
cost by feeding the obese rats on a maintenance stock
Copyright © 2012 SciRes.
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diet containing 14% protein instead of the normal rat
chow containing 20 % protein. It was observed then, that
though the maintenance diet could support the lean animals well, it did not fulfill the requirements of obese rats,
since its growth and feed efficiency were found to be
affected, with increase in plasma triglycerides as well as
plasma glucose levels [17]. This preliminary study thus
indicated the vulnerability of WNIN/GR-Ob rats to dietary manipulations, especially its, inability to handle
glucose. To make the best use of this observation, we
decided to alter the source of carbohydrate, and feed the
animals with purified diets containing different source of
carbohydrates, and see whether the serum glucose will
alter to any appreciable level, like in a diabetes status.
We felt that, if this attempt becomes successful, it will
provide a new animal model, which cane be made to
become diabetic by dietary manipulation, rather than
resorting to alloxan and streptozotocin injection, which is
an unnatural and artificial way of producing diabetes.
This study was thus planned with this conviction

2. METHODS
2.1. Animals
Twenty four male and twenty four female WNIN/GROb obese rats of 35 days, and weight matched were taken
for the study with an initial body mass index (BMI) of
5.71 ± 0.08. Equal number of lean male and female littermates was taken from the same stock as control, having BMI (Body mass index) of 4.20 ± 0.05.

2.2. Housing
The animals used in the entire study were housed in
standard polycarbonate cages (Techniplast, Italy) with
top grill having facilities for holding pelleted feed and
drinking water in polycarbonate bottles with stainless
steel sipper tubes. The bottom of the cage was also steel
grilled to facilitate free droppings of feces and urine and
also to prevent coprophagy. Readily available autoclaved
paddy husk was used as a bedding material in the cages.
An ambient temperature of 22˚C ± 2˚C with 14 - 16 air
changes per hour, relative humidity of 50% - 60% and
light/dark cycles of 12 hours duration were maintained in
the animal rooms. The diets were given in powdered
form, in stainless steel cups and the rats had free access
to water.

2.3. Diets
Both lean and obese littermates were divided randomly in to 4 groups namely A, B, C and D. Group A
consisted of 12 animals (6 male + 6 females) and received glucose based diet. B group received sucrose and
C group received starch based diets. The D group aniOPEN ACCESS
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Table 1. Composition of the diet fed to control and experimental
rats WNIN/GR-Ob rats (n = 6).
S. No

Name of Ingredient

Quantity in percentage

1.

Carbohydrate*

56.0%

2.

Casein (protein)

22%

3.

Fat (Refined ground nut oil)

7%

4.

Fiber (cellulose)

5%

5.

Mineral mixture

3.5%

6.

Vitamin mixture

1%

Source of carbohydrate received by different group of animals; A Group:
Glucose; B Group: Sucrose; C Group: Starch; D Group: Stock diet containing roasted Bengal gram and wheat flour. [Mineral and vitamin formulation made as per AIN 93G; (Reeves et al., 1993)].

mals received standard rodent chow prepared at our facility (Table 1). All diets were Isocaloric in nature and
contained 65% carbohydrate from different sources.
Apart from carbohydrate the diet contains 20% protein
(Casein), 7% fat (Refined groundnut oil), 5.0% fibre
(Cellulose), 3.5% mineral mixture, 1.0% vitamin mixture
(as recommended by AIN 93), [18]. The lean control rats
were similarly grouped and received similar diets as
given to obese rats for a period of 8 weeks.

2.4. Parameters
Physical parameters like body mass index (BMI),
weekly body weights, daily food intake, feed efficiency
ratio (FER) were measured in animals of all the groups,
and also biochemical parameters like glucose and insulin
at initial, 4 and at 8 weeks [19]. For estimation of plasma
glucose, rats were fasted for 16 hours, after which blood
was collected from the supraorbital venous plexus [20]
and was directly drawn into vials containing sodium
fluoride. Glucose was estimated by the kit provided by
Stangen Immunodiagnostics, Hyderabad, India, based on
Trinder method [21]. Plasma insulin concentration was
measured by the double anti-body method [22] using an
insulin radioimmunoassay kit provided by Bhaba Atomic
Research Centre, Mumbai, India, using porcine insulin as
the standard.

2.5. Statistical Analysis
Multiple ANOVA was carried out with multiple comparisons using Duncan’s multiple range test. To test the
difference in the mean values of data at three different
time points (Time trend analysis carried out at, Initial, 4
and 8 weeks) by repeated measures of ANOVA was employed. Where ever the data were found to be highly
variable, log transformation was carried out and further
tested with repeated measures of ANOVA. A p value of
0.05 was considered statistically significant.
Copyright © 2012 SciRes.

3. RESULTS AND DISCUSSION
3.1. Food Intake
The average food intake of obese and lean rats per
week from the starting of the experiment (at 35 days of
age) to the end of the experiment (at 91 days of the age)
is given in Tables 2(a) and 2(b). The food intake and
FER values of obese rats were found to be significantly
different as compared to lean littermate control. However,
the experimental groups (A, B and C) had lower food
intake compared to stock diet, though FER did not show
any difference.

3.2. Growth
The mean body weights of lean and obese rats from
starting to end of the experiment are given in Table 2(a)
and 2(b). From the beginning of the experiment the stock
diet fed D group obese male animals had higher body
weights compared to A, B, and C group obese rats. Second highest body weights were observed in starch fed
group, followed by sucrose fed rats. The glucose fed
male rats had lower body weights, but these are significantly higher than lean control male rats. There was
marked difference in the weights of stock diet fed D
group rats from 2nd week of experiment and the weights
of B and C group rats around 4th week. Such significant
difference between the groups was seen in obese males,
and was not evident in females, though a trend was discernable. The lean female rats showed a slow growth rate
from the 2nd week of experiment till the end. The obese
female rats reached a maximum weight of 400 gm at the
end of the experiment which is almost equal or near to
the body weight of the obese male rats.

3.3. Glucose
Plasma glucose levels of lean control and obese rats
are shown in Table 3. Between lean and obese animals,
the fasting plasma glucose levels were significantly
higher in the latter at the beginning, as well as at 4 and 8
weeks of experiment. In all groups, the levels in- creased
with increase in age. There was a significant in- crease in
fasting plasma glucose levels of all the purified diet fed
groups (A, B, and C) compared to stock control animals
(D). There was a sex difference with reference to the
response to different carbohydrates. While male rats
showed higher values with starch based diets, followed
by glucose and sucrose, in females, glucose diet gave
high values of glucose followed by sucrose and starch.
Even lean animals showed a similar response, but their
glucose values were very low compared to obese group
at all levels of feeding.
OPEN ACCESS
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Table 2. (a) Food intake, body weight and feed efficiency ratio of different carbohydrate source diet in male rats – Obese (−/−) (n =
6); and lean (+/+) (n = 6); (b) Food intake, body weight and feed efficiency ratio of different carbohydrate source diet in female rats –
Obese (−/−) (n = 6); and lean (+/+) (n = 6).
(a)
Diet Groups

Initial Food Intake (g)
Obese

Lean

Final food Intake (g)
Obese

Initial Body weight (g)

Lean

Obese

a

a

Final Body weight (g)

Lean

Obese
a

Lean

Feed Efficiency Ratio
Obese

Lean

a

Glucose (A)

124.05
± 4.65

91.26
± 2.02

110.85
± 3.26

92.65
± 1.98

118.92
± 5.65

65.65
± 2.63

385.33
±18.65

185.09
± 6.89

2.40
± 0.06

1.28
± 0.02

Sucrose (B)

136.36
± 3.38

94.22
± 1.98

118.96b
±3.22

93.88a
±1.88

119.62
±4.89

64.28
± 2.44

401.05b
±16.68

189.05a
± 5.66

2.36
± 0.06

1.32
± 0.02

Starch (C)

138.62
± 3.42

93.02
± 1.86

117.65b
± 3.02

88.42b
± 1.86

117.89
± 6.68

64.09
± 2.48

414.06c
±12.06

179.65b
±6.86

2.51
±0.08

0.69
± 0.02

Stock (D)

138.45
± 3.44

92.06
± 1.88

154.65c
± 5.69

91.86a
± 1.78

121.03
± 3.86

63.16
± 2.42

489.05d
±18.98

201.02c
± 6.46

2.37
± 0.34

0.87
±0.04

Significant differences were seen between the different carbohydrate source diets and means with different superscripts are significantly different at P < 0.05, by
repeated measures of ANOVA. Values are mean ± S.E. Time trend analysis at Initial; Final - 8 weeks of supplementation.

(b)
Diet Groups

Initial Food Intake (g)
Obese

Lean

Final food Intake (g)
Obese

Initial Body weight (g)

Lean

a

a

Obese

Final Body weight (g)

Lean

Obese
a

Lean

Feed Efficiency Ratio
Obese

Lean

a

Glucose (A)

105.00
± 2.89

74.36
± 1.88

95.05
± 2.04

68.05
± 1.78

109.50
± 3.65

81.50
± 1.63

362.04
± 21.05

159.05
± 8.68

2.65
± 0.04

0.73
± 0.06

Sucrose (B)

112.25
± 2.01

76.05
± 0.98

101.25b
± 1.65

71.66a
± 0.98

115.63
± 3.63

79.80
± 1.01

378.65b
± 18.58

161.22a
± 7.54

2.74
± 0.06

0.63
± 0.06

Starch (C)

108.14
± 2.35

77.65
± 1.32

92.65a
± 1.15

72.05a
± 1.02

118.02
± 2.36

80.65
± 1.32

381.25a
± 16.52

139.24b
± 6.65

2.84
± 0.08

0.34
± 0.04

Stock (D)

116.65
± 1.06

81.05
± 0.98

121.22c
± 2.03

92.00b
± 0.99

116.25
± 1.89

81.33
± 1.02

409.12c
± 14.65

160.35a
± 7.21

2.41
± 0.12

0.48
± 0.04

Significant differences were seen between the different carbohydrate source diets and means with different superscripts are significantly different at P < 0.05, by
repeated measures of ANOVA; Values are mean ± S.E; Time trend analysis at Initial; Final - 8 weeks of supplementation.

Table 3. Plasma glucose (mg/dl) response to different carbohydrate source in WNIN/GR-Ob rats. rats Obese (−/−) (n = 6); and lean
(+/+) (n = 6).
Groups

Initial
−/− (M)
a

4 weeks

8 weeks

Initial

−/− (F)

−/− (M)

−/− (F)

−/− (M)

−/− (F)

b

a

a

a

a

+/+ (M)

+/+ (F)

4 weeks
+/+ (M)

8 weeks

+/+ (F)

+/+ (M)

+/+ (F)

a

Glucose diet (A)

91.03
± 2.18

108.01
± 2.98

111.00
± 2.78

142.32
± 3.69

173.65
± 3.98

166.42
± 3.68

60.33
± 1.89

51.63
± 0.98

100.45
± 1.98

80.33
± 0.78

118.25
± 2.01

115.88a
± 1.89

Sucrose diet (B)

100.02a
± 1.99

105.44a
± 2.01

124.03b
± 2.34

134.00b
± 2.28

167.06b
± 4.02

162.00a
± 3.89

58.00
± 0.78

56.02
± 0.79

110.01
± 1.01

88.00
± 0.66

128.02b
± 1.98

124.04b
± 2.02

Starch diet (C)

95.00a
± 1.02

104.00a
± 1.89

125.65b
± 2.65

122.02c
± 1.79

181.22c
± 2.22

158.00b
± 2.65

51.22
± 0.68

48.00
± 0.44

106.66
± 0.86

87.65
± 0.44

132.33c
± 1.99

131.88c
± 2.06

Stock diet (D)

91.65a
± 1.08

92.22a
± 1.66

106.00c
± 2.48

124.33c
± 2.01

100.33d
± 1.08

110.00c
± 1.22

47.48
± 0.44

56.00
± 0.38

87.08
± 0.64

88.44
± 0.42

100.66d
± 0.98

106.65d
± 0.89

Significant differences were seen between the different carbohydrate source diets and means with different superscripts are significantly different at P < 0.05, by
repeated measures of ANOVA; Values are mean ± S.E; Time trend analysis at Initial; 4 weeks of supplementation; 8 weeks of supplementation; (M): Males; (F):
Females. (−/−): Obese; (+/+): Lean.

3.4. Insulin
Plasma insulin levels in lean control and obese rats are
shown in Table 4. With respect to basal plasma insulin
levels, the levels in obese rats were similar to observations made on glucose levels, except for the fact, that
both males and females exhibited similar responses to
Copyright © 2012 SciRes.

different carbohydrates. The levels were higher in starch
group in both males and females, followed by sucrose
and glucose diets in that order, at the end of the experimental feeding. Females in general showed higher insulin levels in experimental groups. Lean animals also followed a similar trend.
OPEN ACCESS
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Table 4. Plasma insulin (µU/mol) response to different carbohydrate source in WNIN/GR-Ob rats rats – Obese (−/−) (n = 6); and
lean (+/+) (n = 6).
Groups

Initial
−/− (M)

4 weeks

8 weeks

Initial

−/− (F)

−/− (M)

−/− (F)

−/− (M)

−/− (F)

a

a

a

a

332.65
± 2.48

a

408.33
± 3.65

105.22b
± 1.68

467.65b
± 2.68

170.33b
± 2.98

155.35c
± 3.02

110.22c
± 1.85

112.00d
± 1.78

Glucose diet (A)

a

40.02
± 0.28

34.22
± 0.24

150.65
± 2.68

134.22
± 2.08

Sucrose diet (B)

28.22b
± 0.16

31.00a
± 0.16

173.33b
± 2.89

Starch diet (C)

38.00a
± 0.26

33.26a
± 0.24

Stock diet (D)

36.18a
± 0.24

43.33a
± 0.28

+/+ (M)

4 weeks

8 weeks

+/+ (F) +/+ (M)

+/+ (F)

+/+ (M)

+/+ (F)

12.00
± 0.18

14.22
± 0.16

39.33
± 0.14

31.00
± 0.12

80.66
± 1.65

75.22a
± 1.36

505.44b
± 4.08

11.12
± 0.16

14.24
± 0.16

42.33
± 0.16

38.00
± 0.14

80.76a
± 1.68

72.33a
± 1.28

483.00c
± 3.78

706.55c
± 6.98

12.14
± 0.18

11.22
± 0.14

42.00
± 0.18

33.26
± 0.16

115.33b
± 2.02

76.66a
± 1.68

305.06d
± 2.28

286.66d
± 2.86

13.12
± 0.18

12.00
± 0.14

41.25
± 0.18

37.33
± 0.14

73.68c
± 1.24

60.33b
± 0.98

Significant differences were seen between the different carbohydrate source diets and means with different superscripts are significantly different at P < 0.05, by
repeated measures of ANOVA; Values are mean ± S.E; Time trend analysis at Initial; 4 weeks of supplementation; 8 weeks of supplementation; (M): Males; (F):
Females. (−/−): Obese; (+/+): Lean.

Before genetic models such as db/db mice and ZDF rat
strains came to the scene, (which are obese as well as
hyperglycemic) experimental models of obesity and diabetes was produced by dietary manipulation [10,11], as
well as by injection of alloxan and streptozotocin in
normal or carbohydrate sensitive rat strains like Osborne
Mendel and Cdb/BHE rats. There are also mutant rat
strains like WDF and LA-N Cp which are obese with
IGT trait, showing symptoms of frank diabetes, i.e.,
higher fasting plasma glucose level (above the threshold
value) and glycosuria on purified sucrose diets [23]. The
mutant rat strain, WNIN/GR-Ob described here is also
unique like the WDF and LA-N-Cp as these are also
obese and also show IGT on challenge with oral glucose
[13].
As mentioned in the introduction, we made an accidental observation that fasting glucose and triglycerides
could increase in WNIN/GR-Ob rats, maintained on diet
having 14% protein compared to a 20% protein diet. This
gave us a clue that these strains could be sensitive to
dietary manipulations, and this is what we attempted here
by feeding these rats on a purified diet containing glucose, sucrose and starch individually.
As expected purified diets did maintain the basic traits
of the model, like hyperphagia and higher body weights,
compared to their lean littermates, though maximum
weight gain was seen only with stock diet in both males
and females. It should be mentioned that stock diet contains 13% dietary fiber, which is more of the soluble type,
while the experimental diets have only 5% cellulose, that
too mostly insoluble. This might have contributed to the
better FER seen in the control rats. Amongst the three
experimental groups, starch based diet, produced maximum weight, though feed efficiency ratio did not show
any difference. With reference to fasting plasma glucose
levels, in all the purified dies, the elevated plasma glucose levels above the threshold levels, was more in
starch based group in males, and in glucose and sucrose
Copyright © 2012 SciRes.

based groups in females. Such a sexual dimorphism was
reported in WDF rats as well, where in females showed
high hyperglycemic response to sucrose based diet (basal
load of glucose above 140 mg/dl, NIH1970 [24])
With respect to insulin levels, this mutant model also
showed hyperinsulinemia at basal levels like ZDF and
WDF rats and this is further exacerbated by feeding purified diets, the response being more in females than males.
Whether this increase in insulin response is responsible
for higher weight gain in females when compared to lean
control females need to be further investigated. The obliteration of weight difference between males and females which are observed in lean littemate control rats
can also be due to this altered metabolic response.

4. CONCLUSIONS
It is indeed gratifying to see that, WNIN/GR-Ob rat
stain is more similar to human situation, where the diet
plays a major role in the worsening of IGT and subsequent diabetic status. The experimental models like alloxan and streptozotocin induced are not true models, as
they do not reflect the ground realities especially with
respect to humans. These substrates totally knock out the
β-cells of the pancreas, and thus the animals ability to
produce insulin on a whole. Type II diabetes which is
fairly common and mostly wide spread is due to insulin
resistance, and this is what is seen in mutant models like
WNIN/GR-Ob, where feeding of purified diets like
starch and sucrose seem to do the trick. In genetic models like WDF and LA-NCp rats, long term feeding of
sucrose based diets apart from elevating plasma glucose
levels, resulted in glycosuria as well. In WNIN/GR-Ob
model, glycosuria was only trace, as in stock diet. This
may be due to the duration of the experiment (8 weeks),
and it is quite possible that long term feeding (over 24
weeks) could precipitate this as well. In short, the data
presented here clearly underlines the potential of this
OPEN ACCESS
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model in studying obesity induced diabetes, a clear alternative to unnatural experimental models based on alloxan and streptozotocin injection.
The study was reviewed and approved by the Institutional Animal Ethical committee (IAEC), and was conducted in accordance with the internationally accepted
principles for laboratory animal use and care.
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