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Obesity induction in hamster that mimics the human
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Abstract: Although obesity is well established in hamsters, studies using diets with high levels of
simple carbohydrate associated with lipids are necessary to assess the impact of this type of food in
the body. In this study a high sugar and butter diet (HSB) and high temperature were employed
towards this end. Obesity was successfully induced at a temperature of 30.3°C to 30.9°C after 38
days feeding the animals an HSB diet. It was shown that although diet is important for the induction
of obesity, temperature is also essential because at a temperature slightly below the one required,
obesity was not induced, even when the animals were fed for a longer period (150 days).The obese
clinical condition was accompanied by biochemical and hematological changes, as increased
cholesterol and triglyceride levels and increased leukocyte numbers, similar to alterations observed
in obese humans. Furthermore, it was demonstrated that increasing the intake of simple carbohydrates

associated with lipids provided evidence of inflammation in obese animals.
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Introduction

Obesity is increasing gradually due to poor diet and
sedentary lifestyles in the population around the world.
According to the World Health Organization [54], ap-
proximately 1.9 billion adults have a body mass index
(BMI) in the overweight range, and approximately 600
million are obese. This condition may be characterized
as low intensity inflammation caused by the increased

body weight and adipose tissue expansion, increasing
the predisposition to cardiovascular diseases, dyslipid-
emias, cancer, chronic kidney disease, and type 2 diabe-
tes [30].

Hypercaloric and high fat diets have been widely used
for inducing obesity in animal models because there is
a similarity with the pathogenesis of obesity in humans
[11]. Considering the physiological similarity to humans,
pigs have been used as good models for these studies
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Table 1. AIN-93 M diet formulated for maintenance of adult rodents and the high sugar and butter diet

g/kg diet
Ingredient
AIN-93M (CTRL diet)* High sugar and butter (HSB) diet
Cornstarch 465.692 265.692
Casein (>85% protein) 140.000 140.000
Dextrinizedcornstarch 155.000 -
Sucrose 100.000 265.000
Soybean oil 40.000 40.000
Fibre (cellulose) 50.000 50.000
Mineral mix (AIN-93 M-MX) 35.000 35.000
Vitamin mix (AIN-93-VX) 10.000 10.000
L-Cystine 1.800 1.800
Choline bitartrate 2.500 2.500
Tert-butylhydroquinone 0.008 0.008
Unsalted butter - 190.000
TOTAL 1,000 1,000
Kcal/g of diet 3.8 4.8
Carbohydrate (%) 76 45
Protein (%) 15 12
Lipid (%) 9 44

Note: Adapted from Reeves, et al. [39].

[47], but work with these animals in laboratories turns
out to be unfeasible due to the physical structures re-
quired. Mice [52], rats [53] and hamsters have also
served as models for studying obesity [50].

Some pathogens, particularly hookworms [34], Leish-
mania sp. [3], Hantavirus [42], and Ebola virus [12] are
more likely or exclusively infective for particular groups
of rodents, as hamsters. Furthermore, hamsters are used
as a model of cardiomyopathy, diabetes, muscular dys-
trophy, cancer and other diseases [16]. Despite the obe-
sity model be established in hamster, studies using diets
high in simple carbohydrates and lipids, that would
contribute on the understanding of some chronic dis-
eases, are scarce in the literature, requiring further in-
vestigation as suggested by Greenwood et al. [20].
Morgantini ef al. [32] shows that high glycemic carbs
interfere with the absorption of lipids and contribute to
the development of low intensity inflammation, as glu-
cose has the ability to activate genes related to inflam-
mation by epigenetic mechanisms. Hamsters are consid-
ered seasonal hibernators, a characteristic that can
manifest at any time of the year depending on environ-
mental conditions and is influenced by annual periods
and shorter days and various physiological parameters
[4, 22, 26]. Therefore, it is conceivable that the induction
of obesity will be influenced by these parameters. Thus,
the objective of this study was to induce obesity in ham-
sters (Mesocricetus auratus) in different annual periods
and assessing for temperature interference in weight

gain. Furthermore, we evaluated to which extension
obesity induced by a diet with a high concentration of
simple carbohydrates and lipids interferes with clinical
and haematological parameters of animals compared to
controls.

Materials and Methods

Ethical statement

All animal procedures were approved by the Animal
Care Ethics Committee of the Universidade Federal de
Minas Gerais (UFMG, protocol number 194/2011) and
were performed under the guidelines of the Brazilian
Council of Animal Experimentation (CONCEA) and
strictly followed Brazilian law for “Procedures for the
Scientific Use of Animals” (11.794/2008).

Experimental diets

The composition of the manipulated diets in the pres-
ent study was based on the AIN-93 M rodent diet as
recommended by the American Institute of Nutrition
(1993) with modifications of the fat components and
carbohydrates as described by Maioli et al. [28]. The
diets were offered to animals as pellets, and each diet
group was maintained until the day of euthanasia. The
animals were fed on diets ad libitum. The composition
of AIN-93 M (CTRL) and the high sugar and butter diet
(HSB) diet are described in Table 1.
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Experimental design

This study was performed using female hamsters (Me-
socricetus auratus) (4—6 weeks old). They were housed
in the Animal Facility at the Department of Parasitology,
UFMG, with a 12 h light/dark cycle. Water and manipu-
lated diet were provided ad libitum. Animals at the facil-
ity are routinely treated before experiments with one 5
mg/kg dose of Ivomec ® (Ivomec Gold 1%, Merial
Saude Animal Ltda, SP, Brazil) via gavage to eliminate
possible parasitic infections. The hamsters were ran-
domly distributed into two groups each that were fed
either AIN-93 M (CTRL) [39] or a high sugar and butter
diet (HSB) modified from AIN-93 M [28]. The diets of
each group were maintained until the day of euthanasia.
Two experiments (12 hamsters/each) were conducted to
evaluate the effect of temperature on hamster eating
behaviour and its influence on hamster weight gain: 1)
April-September (fall-spring, 150 days), and 2) Decem-
ber—March (summer, 68 days). A third experiment (12
hamsters) was conducted from June to November (win-
ter—spring, 150 days) following the same methodology,
and the results are not presented, but are discussed. Dur-
ing the first experiment, a heater was installed on the
60th day of the experiment in the animal house to in-
crease the room temperature. The findings of the first
experiment were used to standardize and optimize the
weight gain of the animals for the remaining experi-
ments. In experiment 2 and 3, the heater was maintained
from the first day of the experiment. The animal house
temperature was measured daily. The meteorological
data for the duration of the experiments were obtained
from the National Institute of Meteorology of Brazil
(INMET).

Assessing obesity condition

The parameters used to considerer an animal obese
were biochemical and haematological changes, increased
adiposity percentage and significant weight gain com-
pared to the control group. After animals reached a sta-
tistically significant weight gain, they were euthanized
by an overdose of anaesthetic solution administered
intraperitoneally (240 mg/kg ketamine plus 45 mg/kg
xylazine cloridrate solution, Cetamin® and Xilazin®,
Syntec, Brazil).

Measurement of hamster weight
The weight of the hamsters was measured on day 0 of
the experiment and every 7 days until the end of the

experiments using a semi-analytical balance.

Consumption of food and water

The diets were offered ad libitum to each group of
animals. The consumption of diets per group was calcu-
lated by the difference in grams of food offered and re-
maining food found in the cages daily. Water consump-
tion was measured twice a week and was calculated by
the difference in millilitres of water offered and remain-
ing water found in the bottle. Food and water consump-
tion values are expressed as the mean for each group.

Blood collection and haematological parameters

The blood samples were collected on the first day of
the diet (day 0) and every 30 or 38 days until the end of
the experiment, based on the study of Pacanaro et al.
[34]. The hamsters were fasted for 12 h prior to indi-
vidual blood collection from the sublingual vein. Two
aliquots of blood were collected: one with EDTA-potas-
sium fluoride solution added to each sample (Doles,
Goiania, Brazil), to obtain plasma, and other, without
anticoagulant, to obtain serum after centrifugation. The
blood was used to evaluate red blood cell (RBC) and
white blood cell (WBC) numbers. The cells were count-
ed with a Newbauer chamber. The WBC differential
count was determined with smears stained with May-
Grunwald-Giemsa and examined under a light micro-
scope (Olympus BH2, Japan).

Blood biochemical parameters

The animals were fasted for 12 h before blood collec-
tion. The biochemical parameters evaluated from plasma
were total cholesterol and triglycerides and from serum,
was evaluated fasting glucose. All measurements were
performed using commercial kits (Doles, Goiania, Bra-
zil). Reference values for female hamsters were obtained
from Gad [16].

Visceral adiposity

One day before the end of the experiment, all animals
were weighed. After euthanasia, the visceral adipose
tissue was recovered from each animal and weighed [34].
The visceral adiposity index was determined by the for-
mula:

Weight of visceral adipose tissue recovered x100

Adiposity =
posty Total weight of the live animal
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Statistical analysis

All data were examined for normality using the Kol-
mogorov-Smirnov test. For analysis between two groups,
Student’s #-test was used for parametric data, and the
Wilcoxon Matched Pairs or Mann-Whitney test was used
for nonparametric data. The Kruskal-Wallis test was used
followed by Dunn’s post-hoc test for comparisons of
three or more groups of nonparametric data. One-way
ANOVA followed by Tukey post-hoc test was used for
parametric data. The Grubbs test was used to detect out-
liers, which were removed from the sample. All tests
were considered significant at the P<0.05 level. All
analyses were performed using GraphPad Prism 5.0 for
Windows (GraphPad Software, San Diego, CA, USA).

Results

Experiment 1: Fall-Spring

Figure la shows the temperature values outside and
inside the animal house and the weight gain of both
groups. The heater, installed on the 60th day of the ex-
periment, increased the temperature of the animal house
from 25.1°C to 30.3°C (Supplementary Fig. Sla). The
weight difference between the CTRL and HSB groups
began after the 90th day (30 days after installation of the
heater unit in the room). Consequently, 150 days after
starting the diet, the HSB group showed a significant
increase in visceral fat (approximately 2x) (Fig. 1b). The
external maximum temperature averaged 25.7°C in the
period during which this experiment was performed.

After installing the heater, two animals of the HSB
group showed aggressive behaviour and dominance in
the cage. These animals interfered with the feeding per-
formance of the remaining animals in the cage and were
removed from the experiment. After the isolation of the
dominant animals, the aggressive behavior persisted to
the remaining animals, being detected by fights among
the females and wounds in the body, but without interfer-
ence in the weight gain. There was a significant differ-
ence between the feed intake of the CTRL (9.94 + 1.78
g/day/animal) and the HSB (7.79 + 0.19 g/day/animal)
groups (P<0.05), whereas no difference was observed
for water consumption (data not shown).

There was a significant difference in the levels of to-
tal triglycerides (Fig. 2a), cholesterol (Fig. 2b) and glu-
cose (Fig. 2¢), with increased levels of cholesterol and
triglycerides to the animals from the HSB group com-
pared to the control group. This difference was higher
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Fig. 1. (a) Hamster body weight in grams (bars) and temperature
inside and outside the animal house (lines). (b) Visceral
Adiposity Index at 150 days (as a percentage). Hamsters
fed the AIN 93 M diet (CTRL, n=6) and hamsters fed the
high sugar and butter diet (HSB, n=4). Animal house tem-
perature (AHT) and outside temperature (OT) in degrees
Celsius (°C). # Start of heater use in the animal house.
* P<0.05 *** P<0.001. The data are shown as the mean +
standard deviation.

from day 90 to the end of the experiment for total tri-
glycerides (P<0.01) and cholesterol (P<0.001), while
the HSB group only showed increase in blood glucose
(P<0.001) from day 120 to the end of the experiment.

After 60 days of the experiment (installation of heat-
er), hamsters fed with the high sugar and butter diet had
an increase in the number of leukocytes (Fig. 3a). After
the 120th day of the experiment, we observed an increase
in the number of neutrophils (Fig. 3b) and lymphocytes
(Fig. 3c). The monocytes were elevated from the 60th
day until the end of the experiment (Fig. 3d).

Experiment 2: Summer
After it has been demonstrated the need of a heater to
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Fig. 2. (a) Triglycerides in milligrams per decilitre. (b) Choles-
terol in milligrams per decilitre. (¢) Glucose fasting in
milligrams per decilitre. Hamsters fed the AIN-93 M diet
(CTRL, n=6) and hamsters fed the high sugar and butter
diet (HSB, n=6 or 4). # beginning of use of the heater in
the animal house.* P<0.05 ** P<0.01 *** P<0.001. The
data are shown as the mean + standard deviation.

maintain the animal house temperature higher than the
outside temperature, new experiments were performed
to analyse other parameters, as visceral adiposity (ex-
periments 2 and 3, data not shown). For these experi-
ments, the animals were fed the same diet offered to

animals in the first experiment.

The external temperature average for experiment 2
was 29.6°C, and the average temperature of the animal
house was 30.9°C (Supplementary Fig. Slc). As in ex-
periment 1, there was a significant difference between
the feed intake of the CTRL group (8.97 £ 1.97 g/day/
animal) and the HSB group (7.49 £ 0.23 g/day/animal)
(P<0.05). No difference was observed in water consump-
tion (data not shown). In this experiment, the HSB group
had significantly different weights at the 38th day
(P<0.01) of the experiment, and the experiment was
extended for 30 days more, to analyze possible bio-
chemical and haematological alterations, and the weights
difference between the two groups remained signifi-
cantly different (P<0.01).

Two animals from the HSB group died during the
experimentation period. Therefore, the weight and vis-
ceral adiposity values for this group were measured on
the 68th day for four animals. Nevertheless, the obesity
had been established with significant differences between
the HSB and CRTL groups as demonstrated on both
parameters, final weight (Supplementary Fig. S2a) and
visceral adiposity (Supplementary Fig. S2b).

In experiment 2, the HSB group had elevated levels
of triglycerides (P<0.001; Supplementary Fig. S3a) and
cholesterol (P<0.01; Supplementary Fig. S3b) within 38
days, which remained the case until the end of the ex-
periment. Blood glucose levels were significantly lower
in the CRTL group at the 38th day (£<0.01), but this did
not continue through the end of the experiment. The
glucose levels remained within the reference values for
hamsters, and no difference was observed at the 68th
day (Supplementary Fig. S3c¢).

The HSB group of experiment 2 had increased WBC
cells from the 38th day until the end of the experiment
in animals fed the high sugar and butter diet (P<0.01;
Supplementary Fig. S4a). On the 38th day, we observed
an increase in neutrophils and monocytes (P<0.01;
Supplementary Fig. S4b and P<0.001; Supplementary
Fig. S4d, respectively). However, on the 68th day, we
observed a decline of these cells and a predominance of
lymphocytes (P<0.01) in the blood of animals from the
HSB group (Supplementary Fig. S4c).

As previously mentioned, experiment 2 had two deaths
from the HSB group at 50 and 59 days, and it was ob-
served that these animals had an excessive increase in
leukocyte numbers, with values of 24,800 and 23,560
leukocyte/mm? for each animal.
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g. 3. Total and differential leukocyte counts. (a) Leukocytes per mm? of blood. (b) Neutrophils per mm? of blood.

(c) Lymphocytes per mm? of blood. (d) Monocyte per mm? of blood. Hamsters fed the AIN 93 M diet
(CTRL, n=6) and hamsters fed the high sugar and butter diet (HSB, n=6 or 4). # beginning of heater use in
the animal house. * P<0.05 **P<0.01 ***P<0.001. The data are shown as the mean + standard deviation.

Discussion

The main genesis of obesity in humans is due to the
ingestion of a high fat and high sugar diet. Considering
that obesity represents a serious global problem, the
establishment of experimental models that can be ex-
trapolated to human’s physiological conditions is crucial.
Different strategies have been used to establish animal’s
models to study obesity, as an example by lesion of the
medial hypothalamus region that is responsible for sati-
ety [40]. However, in most of the situations the induced
obesity does not results in an ideal model of study, be-
cause the parameters that are altered by high fat and high
sugar diet could not be achieved. In this work, a clinical
condition of obesity was established in a hamster model
using a high sugar and butter diet and high temperatures.

The influence of temperature observed in experiment
1 demonstrates that temperature needs to be under close
surveillance when inducing obesity in hamsters. Accord-

ing to Wade and Bartness [50], it is harder to induce
obesity in hamsters in seasons other than summer, cor-
roborating our data. The difficulty on the development
of obesity induction protocols is because these animals
have a distinct metabolism: they can hibernate at any
time of year according to the environmental conditions,
which may influence weight gain [4, 22, 27]. It was also
observed a behavior of dominance and stress, to all
groups. This behavior is common in models maintained
in group. However, the animals from the HSB group
exhibited an extremely aggressive behavior and cage
dominance, preventing weight gain for the other animals.
The stress and aggressiveness observed in obese animals
can lead to an increase in cortisol levels, causing various
physiological changes in the body. Recent studies have
demonstrated the involvement of the 113-HSD1 enzyme
(11B-hydroxysteroid dehydrogenase type 1) in the acti-
vation of cortisol in adipose tissue and its relation to the
development of obesity and insulin resistance, as corti-
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sol is an insulin-antagonistic [21, 35].

Experiment 1 covered three seasons (fall, winter and
spring), with a natural temperature average of 25.7°C
throughout the period. Unlike other studies described in
the literature [5, 24], that reported the induction of obe-
sity in hamsters at temperatures below 25°C, hamsters
in this study only reached obesity after the introduction
of a heater into the animal house that increased the tem-
perature by 5.2°C (25.1°C to 30.3°C). These results were
replicated in experiment 2 (supplementary data). These
data corroborate the results of Zhao [56], which indi-
cated that temperature was an essential factor in the ac-
cumulation of fat in hamsters. Cannon and Nedergaard
[8] observe that the ideal temperature for housing rodents
would be 30°C because, this is a zone of thermal neutral-
ity to these animals, with results that can be compared
to the humans thermal neutrality zone. The work done
by Zhang et al. [57] has shown that the activity of the
mitochondria at a temperature of 30°C is lower in ham-
sters, thus reducing thermogenesis. The consumption of
a hyperlipid diet, leads to an increase in oxidative stress,
resulting in the elevation of free fatty acids, hypergly-
cemia and postprandial hypertriglyceremia [14]. These
factors are responsible for the elevation of reactive oxy-
gen species, formation of superoxide anion and produc-
tion of proinflammatory cytokines [10]. Apparently,
increased oxidative stress decreases the activity of the
uncoupling protein 1 (UCP1), present in brown adipose
tissue besides being involved in mechanisms that ag-
gravate morbidity in obese individuals [57]. Although
brown adipose tissue is present mainly in newborn hu-
mans, it is known to be of some importance for adults
and its metabolism is conditioned by changes in tem-
perature, mainly when it drop off, and that is associated
with weight loss. However, the interruption of the cold
exposure due to the increase of the temperature on in-
ternal environments, leads to the weight gain and ther-
mogenesis decreases [29].

In experiment 3 (data not shown), performed during
winter and spring, even using the heater, the temperature
was not increased above 28.8°C and, even after 150 days,
we were unable to induce obesity in the animals. Coher-
ently with the results found on the two previous experi-
ments, where obesity was accompanied by biochemical
and haematological changes, no such alterations were
detected in this experiment to any of the evaluated pa-
rameters. This can be explained by the fact that with
higher temperature, animals required less energy to keep

their body temperature, resulting in a positive energy
balance [49]. Kodama and Pace [25] showed that the
decrease in temperature decreased the accumulation of
body fat in hamsters, as observed in this study, and the
narrow temperature variation range (30.3°C and 30.9°C
in experiments 1 and 2, respectively, to 28.8°C, in ex-
periment 3, Supplementary Fig. Sle) may be indicative
that the temperature for Syrian hamsters is really a de-
termining factor for the induction of obesity. Although
the present study did not induce obesity in a temperature
equal or lower than 28.8°C, other studies have demon-
strated induction of obesity in experimental models at a
temperature lower than the one established in this work
[8, 49]. However, these studies did not characterize the
season in which the experiments were conducted. Meisel
et al. [31] showed that obesity induction is influenced
by the way animals are housed, showing that female
hamsters housed in groups exhibited greater adiposity
than individually housed animals. The grouping of ani-
mals leads to an increase in temperature, reducing the
energy expenditure necessary to maintain body tem-
perature, which results in a positive energy balance.
Moreover, the grouping may cause stress to the animals
because hamsters live alone under natural conditions [6,
18]. Foster et al. [15] found that hamsters subjected to
stress showed statistically increased food intake, weight
gain and adiposity. Given that animals in this study were
housed in groups, this may have favoured the weight
gain for both the HSB group and the CTRL group. In
our experiments, the animals from the HSB group in-
gested a smaller amount of food when compared to ani-
mals from the CTRL group, which demonstrated that the
gain in weight and visceral fat were not caused by hy-
perphagia but by the high calorie modified diet. These
data are similar to those found by Ramirez [36]. On the
other hand, the volume of water was not different for the
CTRL and HSB groups in any of the experiments, con-
trary to the findings, of Townsend ef a/l. [48] in an ex-
periment using mice.

Carbohydrates are a major source of energy for the
functioning of the body. However, excessive consump-
tion of carbohydrates, causes the expansion of adipose
tissue, hyperglycemia and increased cholesterol [7, 9,
43, 55], whereas the exaggerated consumption of fat also
produces these changes and promotes non-alcoholic
fatty liver disease [17]. Furthermore, it has been dem-
onstrated that the type of ingested carbohydrate corre-
lates to the degree of inflammation intensity and with
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the outcome of cardiovascular diseases [17]. This fact is
related to the speed that the body absorb each type of
carbohydrate influencing the ability to raise the glycemic
index. Although the relationship between inflammation
and the intake of carbohydrates is still obscure [20],
evidence indicates a possible change of pro-inflamma-
tory cytokines [19]. The high fat diet is a more natural
way to induce obesity and is able to cause alterations of
the biochemical parameters in experimental models [9,
23, 33].

Studies have shown the association of hypertriglyc-
eridemia and hypercholesterolemia with obesity, indicat-
ing that the increased levels of these molecules is related
to predisposition to heart disease [2, 37, 41, 44]. The
consumption of a diet high in fat and simple carbohy-
drates interferes with fat absorption because sugar pres-
ents the capacity of increases lipid storage on the entero-
cytes and of stimulate the secretion of chylomicrons [32].
As a hormonaly active tissue, visceral adipose tissue
releases different bioactive molecules and hormones that
are able to interact with the immune system of the indi-
vidual, interfering in many pathologic processes.

Many authors have reported an increase in white blood
cells, triglycerides and body mass index in obese indi-
viduals, relating these results to the inflammation seen
in obesity. Whereas the inflammatory response is associ-
ated with an increase in macrophages, other cell types
are involved in the inflammation mechanism of the adi-
pose tissue, such as neutrophils, mast cells, B lympho-
cytes and T lymphocytes [13, 38, 45, 51]. These results
corroborate the results found in the present study in
which leucocytosis was induced with an increase in lym-
phocytes, monocytes, and neutrophils. Neutrophils play
an important role in the inflammatory response and in
the recruitment of macrophages [46]. They also have the
ability to respond to inflammatory stimuli and are the
first cells to arrive at the site of inflammation [1].

In conclusion, this study showed that the temperature
and the season influence the obesity establishment in
Syrian-hamsters using a diet with high simple carbohy-
drates and lipids. The temperature above 30°C provides
the ideal conditions for establishment of obesity in this
model. Furthermore, the change in the type of food
caused haematological and biochemical changes, similar
to what is observed in human obesity, and provided
evidence of inflammation in hamsters fed with HSB diet
(obese animals).
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