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Abstract: High fat diet (HFD) treated mouse is widely used as experimental animal model for hyperlipidemia and 
hyperglycemia study. Many factors contribute to establish animal model that meant to simulate high fat and glucose 
diet induced phenotypes. In the present study, four strains of experiment mouse treated by HFD were used to 
explore the impact of mouse strain on lipid profile, glucose level, and major inflammation cytokines. HFD fed 
Kunming and ICR mouse gained significantly higher body weight than control which was not shown by C57BL/6 
and BALB/c mouse. All four strains fed by HFD has heavier liver and adipose tissue than control ones. Obvious 
fat droplets and enlarged adipose cells were observed in obese mouse of four strains. Additionally, obese mouse 
showed typical response to glucose and insulin load in OGTT and ITT. Serum TC, LDL-c, and TC/HDL-c ratio, but 
not TG, increased in all four strains. Major inflammatory cytokines and insulin level showed little changes in obese 
mouse as well (P<0.05) The present study could provide basic information for diet induced obesity developed by 
four commonly used experimental mouse strains.
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Introduction

Obesity is one of the most common metabolic disease 
in both developing and developed countries due to the 
prevalence of sedentary lifestyle and fast food containing 
high level of fat and glucose [22, 35]. Obesity in human 
correlates with many chronic diseases like hyperlipid-
emia, hyperglycemia, diabetes, low-grade inflammation, 
hypertension coronary artery disease, metabolic syn-
drome etc. [33]. Hence, it is necessary to learn how to 
curb development of obesity and reduce related symp-
toms.

Experiment animals are suitable substitutions for hu-
man to study obesity and its related biomarkers. among 
the many used animals, mouse is widely applied to de-
velop obesity due to several advantages. Experiment 
mouse is relatively cheap and commercially available 
for most labs [5]. also, mouse growth faster and consume 
less feed than most experiment animals like hen, rabbit 

and pig etc. in most societies, mouse is regarded as a 
pest and cause less ethnics controversy than other animal 
like cow or monkey. Mouse in different strain shows 
much different phenotypic characteristics like growth 
rate, tendency of obesity, and the ability to regulate the 
blood glucose and lipid. So, when developing obese 
model using mouse, it is necessary learn how mouse in 
different strain response to high fat diet (HFD).

Kunming mouse was introduced from Hoffkine Re-
search Institute of India by Professor Feifan Tang in 1944 
[9]. it belongs to the Swiss mice strain and named after 
the place where it was first introduced, Kunming. It has 
strong disease resistance and adaptability, shows high 
reproductive and survival rate [37]. it is also very cheap 
in price as one commercial Kunming mouse is about 6 
yuan in 2019, which is about 0.8 US dollar. Kunming 
mouse is now the most widely used strain for common 
biological study in China. More than 70% of mouse used 
for biology and medical experiment in China is Kunming 
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strain. Hence, many researchers use Kunming mice to 
develop obese model by high fat and glucose diet 
(HFGD) feeding [10, 19].

Like Kunming mouse, ICR is an outbreeding mouse 
strain which was breed from Swiss mouse. ICR is suit-
able for common lab experiment in term of fast growth, 
strong body, docile temperament. Price of one ICR 
mouse is about 12 yuan in 2019, which is about 1.6 US 
dollar, higher than that of Kunming mouse. ICR mouse 
is also widely used for research of obesity, especially for 
assessing anti-obesity function of food and nutraceuticals 
[12, 39].

C57BL/6 mouse was bred in 1921 as inbred strain by 
C.C. Little using the strain of Lathrop [26]. it has black 
hair and is widely employed to study athetosis, birth de-
fects, obesity, diabetes, cancer etc. C57BL/6 mouse has 
low incidence of cancer but could develop obesity, diabe-
tes and atherosclerosis induced by food [8]. Price of one 
C57BL/6 mouse is about 28 yuan in 2019, which is about 
4 US dollar, much higher than that of Kunming mouse.

another widely used white mouse is BaLB/c which 
is also an inbred strain used in research of immunology 
and physiology. BaLB/c is docile in temperament and 
adapt well to living in group in a cage. Price of BaLB/c 
is the same with C57BL/6 mouse in 2019. BALB/c is 
also widely used in the obesity researches [29].

all the four mouse strains are commonly used in the 
study of food induced obesity and its relevant symptoms 
such as hyperlipidemia, hyperglycemia, diabetes and 
low-grade inflammation. Many factors can impact on the 
development of obesity. among them, the mouse strain 
used is one of the most important factors. However, 
little information is available about the performance of 
different mouse strains when used to develop obese 
model. There is fewer comparison and discussion of 
mouse strain when the results were analyzed. addition-
ally, even used the same mouse strain to develop obese 
model, discrepancies in major obese biomarkers are 
commonly reported with very few explanations.

Hence, in the present study four widely used mouse 
strains, Kunming, C57BL/6, BALB/c and ICR, were 
used to develop obesity. Major biomarkers including 
body weight, blood lipid profile, blood glucose level, 
serum inflammation level etc., were monitored and com-
pared. The results of this study are helpful to build food 
induced obesity mouse and related researches.

Materials and Method

Mouse strains and grouping
All four strains of mouse (male) were purchased from 

Laboratory animal Center of anhui Medical university, 

Hefei, China with 14 mice for each strain. The age in 
weeks of Kunming, C57BL/6, BALB/c and ICR were 8 
weeks, 6 weeks, 6 weeks and 6 weeks respectively. av-
erage body weight for Kunming, C57BL/6, BaLB/c and 
ICR were 30 ± 2 g, 18 ± 2 g, 18 ± 2 g and 20 ± 2 g, re-
spectively. For each strain, 7 mice were grouped as con-
trol and 7 were used as model, raised in an animal cage 
with saw dust bedding. Conditions of mice house are as 
follows: 23 ± 2°C, 55 ± 5% relative humidity, 12 h light/
dark cycle. All mice were fed with standard chow (26% 
kcal from fat, Shoobree, Jiangsu, China) for 1 week to 
acclimatize before experiment started. The ingredient 
composition of standard chow is tabulated in Supple-
mentary Table 1. Then, one group of mice were continu-
ing to fed with standard diet while the other group were 
switched to high fat diet. The experiment was performed 
for 10 weeks before all mice were sacrificed. Animal 
welfare and experimental procedures in this study were 
carried out in accordance with the national institutes of 
Health guide for the care and use of Laboratory animals 
(NIH Publications No. 8023, revised 1978). The project 
was reviewed and approved by the Committee for Protec-
tion of animal Care Committee at the Hefei university 
of Technology.

Composition of high fat diet
High fat diet was formulated according to previous 

publications [3]. The composition was displayed in 
Supplementary Table 2 (53% kcal from fat). Maintain 
feed was the standard diet which was used for the control 
group.

Body weight and organ index measurement
Body weight of mice were recorded every week dur-

ing the experiment period. After mice were sacrificed, 
major organs were harvested and weighted.

Liver and adipose tissue histological observation
Tissue was harvested and fixed in 10% formalin, im-

bedded in paraffin, followed by dehydration in graded 
alcohol. Tissue slices of 5 µm thickness prepared and 
stained with hematoxylin-eosin (H&E), and observed on 
a light microscope with magnification of 200 times.

Blood glucose, insulin level and lipid profile
At the 8th week after the experiment initialed, oral 

glucose tolerance test (OGTT) and insulin tolerance test 
(ITT) were performed according to the previous report-
ed method [21]. The area under curve (AUC) of OGTT 
and ITT lines were calculated using GraphPad Prism. 
After mice were sacrificed, blood serum was obtained 
by centrifuge. Concentrations of HDL-c, LDL-c, TG, 
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T-CHO and insulin in serum were measured using com-
mercial kits according to the instruction.

Inflammation profile
Concentrations of six inflammation cytokines com-

monly examined in obese mice model, IL-1β, IL-6, IL-
10, TNF-α, MCP-1 and LPS, were measured in serum 
using commercial ELiSa kits [1, 24].

Statistical analysis
All tests were conducted in triplicate. Data were pre-

sented as the means ± SD. Statistical analyses were 
performed with Student’s t-test with a statistical analy-
sis software package (SPSS 22.0, Chicago, IL, USA). 
a value of P<0.05 was considered significantly differ-
ent.

Results

Body weight and organ index
Mouse strain exerts great impact on the body weight 

gain during HFD treatment. For Kunming mice, from 
the second week after providing HFD, the body weight 
increased to a significant higher level than control (Fig. 

1a). It should be noted that Kunming mouse is larger 
than other mice at the initial stage of the experiment. 
From the start to the end of the experiment, HFD treated 
Kunming mice are heavier than control. But for C57BL/6 
mice, no difference revealed for the body weight between 
control and obesity model (Fig. 1b). The body weight 
increase profile was also similar for that of BALB/c mice 
(Fig. 1c). Hence in our present experiment conditions, 
HFD treated C57BL/6 and BALB/c mice failed to gain 
much higher body weight than control. On the other 
hand, HFD fed ICR mice accumulated much heavier 
body weight than control from the 6th week (Fig. 1d). 
Food intake was also monitored during the experiment. 
Food intake of obesity model was slightly lower than 
that of control but with no significant difference (Supple-
mentary Table 3).

Excessive lipid induced by diet will be stored in liver 
and adipose tissues in the obese mice which has been 
widely reported in more consistent way. Hence heavier 
liver and adipose tissue are also regarded as important 
indicators of obesity. in our result, liver and adipose 
tissue in obese mice is heavier than control ones in most 
of mice strain (Figs. 2a and b). For Kunming mice, 
liver index showed no significant diffidence even though 

Fig. 1. Body weight of mice fed with normal chow (CON) and high fat diet (MOD) of the four mice strain: a is 
body weight change of Kunming mice; b is body weight change of C57BL/6 mice; c is body weight change 
of BALB/c mice and d is body weight change of ICR mice.
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obese mice liver was heavier than control in average 
number (Fig. 2a). Liver indices in all other 3 mice strains 
were significantly higher than that of control ones. Es-
pecially for ICR mice, liver index of obese mice was 
significantly higher than that of control at the P value 
smaller than 0.01. Weight of adipose tissue index for 
Kunming, C57BL/6 and ICR obese mice was higher than 
that of control (Fig. 2b). But BALB/c showed no differ-
ence of adipose tissue index between obese and control 
ones. it should be also noted that adipose tissue index 
varied significantly among both control and treated mice.

Histological feature of liver and adipose tissue
Liver sections of mice in control group were similar 

in terms of neatly arranged liver cells with no accumula-
tion of lipid droplets and inflammation cell infiltration 
(Figs. 3a, c, e and g). However, in obese mice liver sec-
tions many lipid droplets presented alongside the liver 
cells (Figs. 3b, d, f and h). In liver section of Kunming 
mice, very large lipid droplets outside the liver cells as 
well as smaller lipid droplets inside the liver cells could 
be observed (Fig. 3b). Lipid accumulation in liver is 
similar for C57BL/6 and BALB/c mice. For ICR mice, 
it is noted that much smaller lipid droplets exist inside 
the liver cells which should be ascribed to different way 
of lipid storage in the liver cells. Inflammatory cell in-
filtration is also one important trait of obese mice liver. 
Liver in obese mice of four strains showed significant 
inflammatory cell infiltration. At the same time, adipose 
tissues in all HFD treated mice showed significantly 
different properties compared with normal ones in terms 
of larger adipose cells (Figs. 3j, i, n and p). In addition, 
as important biochemical markers of liver injury, ALT 
and AST activity in liver was also examined as shown 
in Fig. 4. For ALT, mouse strain exerts strong impact as 
obese mice exhibited higher ALT activity than control 

ones except for BALB/c mice. AST showed little differ-
ence between control and model mice.

Oral glucose tolerant test (OGTT) and insulin 
tolerant test (ITT)

For Kunming, C57BL/6 and ICR, obese mice showed 
higher peak glucose level and prolonged period to low-
er the glucose level (Figs. 5a, c and g). BALB/c obese 
mice presented similar peak glucose number but higher 
level after 30 min in the test (Fig. 5e). OGTT AUC of 
obese Kunming, C57BL/6, BALB/c and ICR were sig-
nificantly higher than respective control values which 
indicate that HFD interferes the glucose metabolism of 
all the four mice strains (Figs. 5b, d, f and h).

ITT results revealed that after insulin injection, blood 
glucose level decreased for both control and model mice 
of four strain (Fig. 6). For C57BL/6, BALB/c and ICR 
mice, blood glucose level remained at low level after 30 
min of insulin administration (Figs. 6c, e and g). The 
value for Kunming mice increased compared with the 
low value at 30 min. auC value seems more accurate to 
reveal the insulin resistance state of mice. all four strains 
of mice fed with HFD showed higher ITT AUC value 
than control ones.

Serum lipid profile
Lipid profile of obese mice is also greatly impacted 

by HFD. TC value of obese mice in all four strains was 
significantly higher than that of control groups (Fig. 7a). 
For TG level, it is notable that there is no significant 
difference between CON and MOD for all four mice 
strains (Fig. 7b). LDL-c levels of obese mice in all four 
strains were significantly higher than the respective con-
trol group (Fig. 7c). The value for all control groups 
showed no difference. HDL-c is regarded as a beneficial 
factor of lowering level of blood lipid. However, our 

Fig. 2. Liver and fat index of mice fed with normal chow (CON) and HFD (MOD) of four mouse 
strains: Kunming, C57BL/6, BALB/c and ICR. Different superscript letters among bars 
denote significant difference (P<0.05) according to Tukey’s test.
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result revealed that HDL-c of obese mice is similar or 
higher than that of control ones (Supplementary Fig. 1). 
For ICR mice, HDL-c concentration of control and obese 
were at the same level. But for the rest three strain, HDL-
c concentration of model was higher than control.

The TC/HDL-c ratio was calculated as depicted in Fig. 
7d. In all four mice strains, the TC/HDL-c ratios in obese 
mice are significantly higher than that of control ones, 
indicating TC/HDL-c ratio is a more accurate parameter 
for obesity.

Fig. 3. Histomorphology photomicrographs of the liver (hematoxylin and eosin-stained) and fat tissue: a is liver of Kunming mice fed 
with normal chow; b is liver of Kunming mice fed with HFD; c is liver of C57BL/6 mice fed with normal chow; d is liver of 
C57BL/6 mice fed with HFD; e is liver of BALB/c mice fed with normal chow; f is liver of BALB/c mice fed with HFD; g is 
liver of ICR mice fed with normal chow, h is liver of ICR mice fed with HFD; i to p is fat tissue of mice in the same sequence. 
Scale bar is 100 µm

Fig. 4. Activity of glutamic-pyruvic transaminase (ALT) and glutamic oxalacetic transaminase 
(AST) (a and b respectively) in liver of control (CON) and obese (MOD) mice of four mouse 
strains: Kunming, C57BL/6, BALB/c and ICR. Different superscript letters among bars 
denote significant difference (P<0.05) according to Tukey’s test.
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Major serum inflammatory cytokines
In the present study, IL-1β, TNF-α, IL-6 and MCP-1 

were examined as representative pro-inflammatory cy-
tokines, and IL-10 was analyzed as anti-inflammatory 
cytokine [14]. But results showed that for inflammatory 

cytokines examined, there seems no significantly differ-
ent revealed for all four mouse strains (Fig. 8 and Supple-
mentary Fig. 2). LPS and insulin level also showed no 
significant different between obese and control mice 
(Supplementary Fig. 2).

Fig. 5. Change of blood glucose concentration (a, c, e and g respectively) in oral glucose tolerant test (OGTT) of control (CON) and 
obese (MOD) mice of four mouse strains: Kunming, C57BL/6, BALB/c and ICR with their OGTT-AUC values (b, d, f and h 
respectively). Different superscript letters among bars denote significant difference (P<0.05) according to Tukey’s test.

Fig. 6. Change of blood glucose concentration (a, c, e and g respectively) in insulin tolerant test (ITT) of control (CON) and obese 
(MOD) mice of four mouse strains: Kunming, C57BL/6, BALB/c and ICR with their ITT-AUC values (b, d, f and h respec-
tively). Different superscript letters among bars denote significant difference (P<0.05) according to Tukey’s test.
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Fig. 7. Serum concentration of TC, TG, LDL-c and TC/HDL-c ratio (a, b, c and d respectively) of 
control (CON) and obese (MOD) mice of four mouse strains: Kunming, C57BL/6, BALB/c 
and ICR. Different superscript letters among bars denote significant difference (P<0.05) 
according to Tukey’s test.

Fig. 8. Serum concentration of IL-1β, TNF-α, IL-6 and MCP-1 (a, b, c and d respectively) of 
control (CON) and obese (MOD) mice of four mouse strains: Kunming, C57BL/6, BALB/c 
and ICR. Different superscript letters among bars denote significant difference (P<0.05) 
according to Tukey’s test.
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Discussion

Many researches used body weight as the indicator of 
obesity. In previous report, significant body weight gain 
compared with control was considered as criteria of suc-
cessfully constructed obese mice model [2, 20]. While 
HFD induced body weight increase, significantly higher 
body weight than control is not always consistence with 
obesity and its relevant symptoms [28]. it was found that 
HFD induced obesity in C57BL/6J and BALB/c mice, 
which are obesity prone mice sub-strain of C57BL/6 and 
BaLB/c respectively, and increased their body weight. 
Body weight of model was higher than control but the 
difference was not significant [29]. Similar result has 
been reported by Mi Ra Lee et al. as HFD treated 
C57BL/6 mice were heavier than control but with no 
significant difference [8].

Body weight results indicate that Kunming mice and 
ICR mice could accumulate body weight more effec-
tively than C57BL/6 and BaLB/c mice when fed with 
HFD. But when considering the temperament of mice, 
it seems that Kunming mice were more energetic and 
fractious. More fighting and injuries among Kunming 
mice were recorded than all other 3 strains of mice. On 
the other hand, ICR mice were considered as most doc-
ile and easy to management during the experiment. no 
fighting and injuries were noted among ICR mice. But 
this important feature has not been widely considered 
and reported for developing obese mice model.

All four strain of mouse fed with HFD presented 
heavier liver and adipose tissue than control due to ex-
cess lipid storage as revealed via histological observa-
tion. Histological changes of liver and adipose could 
predict the obesity with more precision than body weight 
[17, 30].

OGTT was undertaken to examined the glucose low-
ering capacity of mice when administrated with high 
dosage of glucose. Obese mice usually showed slower 
and weaker ability to lower the enhanced blood glucose 
when challenged with high glucose load [17]. it was 
obvious that HFD treatment deteriorate the ability of 
mice to control glucose when challenged with high load. 
insulin resistant is one hallmark of obesity which involve 
of low-grade inflammation and blockage of several in-
sulin signal pathways [4]. ITT demonstrated similar 
result with that of OGTT in which blood glucose level 
of HFD fed mice was higher than that of control. The 
same trend was also showed in the auC value of each 
test.

It is generally accepted that HFD treatment disturbs 
serum lipid profile with higher TC, TG, LDL-c and 
lower HDL-c concentration [16]. But the lipid profile of 

obese mouse is not unanimous reflected in the literature. 
TG result revealed in the present study contradicts with 
many previous reports as obese mice usually present 
higher level of TG [20]. However, some reports also 
support the present TG results in mouse strain like 
C57BL/6 which need further investigation [7]. HDL-c 
is regarded as a beneficial factor of lowering level of 
blood lipid. it is widely believed that obese mice have 
lower level of HDL-c as reported in several studies [23]. 
But some previous published results support the present 
HDL-c result. For instances it was found that HFD in-
creased the level of HDL-c in obese C57BL/6 mice [7, 
13, 18], which was also revealed in obese Kunming mice 
[19], BaLB/c [32] and ICR mice [11]. in fact higher 
HDL-c concentration in obese Sprague Dawley rat is 
also reported in previous study [36].

Very little information is available to explain the HDL-
c value in obese mice. it was hypothesized that when fed 
with HFD, the total concentration of lipoprotein in-
creased to transport lipid in serum. Not only the LDL-c, 
but also HDL-c concentration increased in the obese 
mice. The observed contradiction may be caused by 
several factors, such as experimental setting, method of 
measuring lipoprotein etc. HFD treatment increased the 
level of serum glucose level, TG level and TC level but 
also HDL-c level in both male and female ICR mice [15]. 
Instead, TC/HDL-c ratio was applied as a better index 
for obesity and hyperlipidemia as reported in several 
previous publications [15, 38]. The present study support 
that TC/HDL-c seem a more effective index for evaluat-
ing serum lipid status.

It is commonly considered that HFD induced obesity 
up-regulate several pro-inflammatory cytokines and 
down-regulate anti-inflammatory cytokines in serum 
[27]. Higher IL-1β, TNF-α, IL-6 and MCP-1 concentra-
tion in obese mince is expected as reported previously 
[31, 34]. It is indicated that other methods like qPCR 
analysis of mRNAs level of aforementioned cytokines 
in tissues like liver and adipose tissue reflect the inflam-
matory status more precisely [6, 25]. But qPCR and 
western blot technique are not readily available for all 
labs and ELiSa is still more widely used for common 
analysis need. In fact, it seems that even HFD could 
greatly increase the body weight and accumulate sig-
nificant amount of lipid in liver and adipose tissue, it 
hardly affects the major inflammatory cytokines level in 
serum as reflected in our previous study and other un-
published results [21].

Therefore, in the present study four widely used mouse 
strains, including Kunming, C57BL/6, BALB/c and ICR. 
it found that mouse strain may impact on the body weight 
increment, and weight ratio of adipose tissue. all four 
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HFD treated mouse strains showed significant lipid ac-
cumulation in liver and adipose tissue. OGTT and ITT 
indicated that all four obese mouse strains response to 
glucose and insulin load in similar manner. Serum TC 
and LDL-c but not TG increased in all obese mouse 
strains. TC/HDL-c ratio is a more effective index than 
HDL-c that presented no significant difference compared 
with control mice. Major inflammatory cytokines, LPS 
and insulin also showed no significantly different be-
tween control and obese mice of all four strains. it is also 
widely accepted that sex may impact on the mouse obe-
sity development that male mouse tends to gain more 
body weight and fat weight than female which will be 
considered in our further study [29]. in conclusion, 
mouse strain exerts limited effect on major physiology 
parameters of obesity. But considering the ease of animal 
management, ICR seems most qualified among the 
tested strains.
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