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Effect of exercise and high-fat diet on plasma
adiponectin and nesfatin levels in mice

HUHE CHAOLU!, AKIHIRO ASAKAWA', MIHARU USHIKAI!, YING-XIAO LI,
KAI-CHUN CHENG', JIANG-BO LI', TAKAHIRO ZOSHIKI', MUTSUMI TERASHI!,
CHIE TANAKA?, KAORI ATSUCHI', TAKEO SAKOGUCHI', MINGLUN TSAI',
HARUKA AMITANI', MASAHISA HORIUCHI?, TORU TAKEUCHI? and AKIO INUI!

1Department of Psychosomatic Internal Medicine; Divisions of %Environmental Medicine, and *Oral and Maxillofacial

Surgery, Kagoshima University Graduate School of Medical and Dental Sciences, Kagoshima 890-8520, Japan

Received December 15, 2010; Accepted January 18,2011

DOI: 10.3892/etm.2011.199

Abstract. Lifestyle-related diseases are associated with
overeating and lack of exercise. The purpose of this study
was to investigate the effect of exercise and high-fat diet on
plasma adiponectin and nesfatin levels. Mice were housed
for 4 weeks in 4 groups, which included the non-exercise and
normal diet (SN), exercise and normal diet (EN), non-exercise
and high-fat diet (SF) and the exercise and high-fat diet
(EF) group. The mice in the exercise groups were housed in
cages with a running wheel and were subjected to voluntary
exercise. The food intake (Kcal) of the mice in the exercise
groups increased compared to that of the mice in the
non-exercise groups (P<0.01). Body weight and visceral fat
decreased in the mice in the EF group compared to the mice
in the SF group (P<0.01 and P<0.05). The temperature of the
mice in the EF group increased compared to that of the mice
in the SN group (P<0.05). Blood glucose, insulin (P<0.01),
cholesterol (P<0.01) and triglyceride concentrations (P<0.01)
increased in the SF group compared to the normal diet groups.
Furthermore, plasma insulin and cholesterol concentrations
increased in the SF group compared to the exercise groups
(P<0.01). Plasma adiponectin and nesfatin-1 levels in the SF
group decreased compared to the SN group (P<0.05). Exercise
under a high-fat diet antagonized the significant decrease
in the nesfatin-1 level. Exercise together with a high-fat diet
affected the plasma levels of adiponectin and nesfatin. It is
therefore suggested that exercise together with a high-fat diet
can affect various diseases via adiponectin and nesfatin.
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Introduction

Obesity, diabetes and hyperlipidemia are lifestyle-related
diseases that are receiving attention throughout the world. It
is known that the development and progression of lifestyle-
related diseases are closely associated with overeating, lack
of exercise and heredity (1,2). The lack of exercise not only
increases fat that stores surplus energy, but also decreases the
function of bones and muscles.

Adiponectin is a protein hormone, that is produced and
secreted exclusively by adipocytes, regulates the metabolism
of lipids and glucose, and exhibits anti-inflammatory proper-
ties. It has been reported to play a role in the inhibition of
the development of cardiovascular diseases, type 2 diabetes
and atherosclerosis, and its levels have been shown to be
suppressed in insulin-resistant and obese animals and humans
(3-5). Adiponectin levels have been reported to rise in response
to weight loss and glitazone therapy (6-8).

Nesfatin-1 is a recently discovered anorexigenic peptide
encoded as the precursor protein nucleobindin-2 (9).
Nesfatin-1 is distributed in peripheral tissues, such as adipose
tissue, and also exists in the blood (9-11). A recent study
reported that nesfatin-1 immunoreactivity is also detected
in the rat gastric oxyntic mucosa (12). The intraperitoneal
administration of nesfatin-1 inhibits food intake and thereby
reduces body weight (13). Notably, nesfatin-1 also inhibits
food intake in Zucker fatty rats whose leptin receptor is
mutated, indicating that the anorexigenic effect of nesfatin-1
is leptin-independent (9). Nesfatin-1 is relatively stable in the
circulation and it has a moderate influx from the blood to
the brain compared to other peptides of similar size (8,9,14).
Nesfatin-1 is also present in the hypothalamus, including the
paraventricular nucleus, supraoptic nucleus, arcuate nucleus,
the lateral hypothalamic area and the nucleus tractus soli-
tarius in the brain stem (9,10,15,16). Nesfatin-1 suppresses
eating behavior not only by peripheral administration, but
also by central administration (13), and is thus expected to
improve glucose metabolism in conditions such as impaired
glucose tolerance, through the suppression of food intake
and body weight gain. In this study, the effect of exercise and
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Figure 1. Effect of exercise and high-fat diet in C57BL/6J mice on (A) body weight. *P<0.05 and **P<0.01, difference EF vs. EN. “"P<0.01 compared to other
groups, (B) wheel running distance, (C) food intake. "P<0.05 and “P<0.01, (D) body temperature. "P<0.05, difference EF vs. SN. SN, normal diet in non-
exercise groups; EN, normal diet in exercise groups; SF, high-fat diet in non-exercise groups; EF, high-fat diet in exercise groups.

high-fat diet on the levels of adiponectin and nesfatin-1 was
investigated.

Materials and methods

Laboratory animals and breeding environment. Male
C57BL/6J mice (21.06+0.60 g, 7-week-old; CLEA Japan, Inc.,
Tokyo, Japan) were used in this study. The mice were main-
tained in breeding rooms at a temperature of 22+1°C and a
humidity of 55+11% under 12-h light/dark cycles, wherein the
light cycle began at 7:00 am daily. The mice were individually
housed. All experiments were approved by the animal experi-
mental ethics committee of our university.

Experimental procedures. Twenty-four male C57BL/6J mice
were divided into 4 groups and housed for 4 weeks. Six mice
were included in each of the 4 groups: the non-exercise and
normal diet (SN), exercise and normal diet (EN), non-exercise
and high-fat diet (SF) and the exercise and high-fat diet (EF)
group. All cages were equipped with a running wheel. The
running wheels were locked for the non-exercise groups, while
the exercise groups were subjected to voluntary wheel running.

The C57BL/6J mice of the normal diet group were fed daily
with a normal diet (CE-2 diet containing 11% kcal %fat, 59%
kcal %carbohydrate and 30% kcal %protein; CLEA Japan,
Inc.). The C57BL/6J mice of the high-fat diet group were fed
with a high-fat diet (D12492 diet containing 60% kcal %fat,
20% kcal %carbohydrate and 20% kcal %protein; Research
Diets, Inc., NJ, USA). Water was available ad libitum. Motor
activity, food intake and body weight were measured at the
same time each day. Running distances were calculated as the
number of rotations of the running wheel x the circumference
of the wheel (0.7 m). Four weeks later, the mice were deprived
of food for 6 h for tissue sampling. Rectal temperature was
determined using a digital thermometer (Technol Seven Co.
Ltd., Yokohama, Japan) in a room maintained at 22+0.5°C.
A lubricated thermocouple was inserted 1.5 cm into the
rectum of conscious mice. Blood samples were obtained
from the orbital sinus under diethyl ether anesthesia. The
mice were sacrificed by cervical dislocation. Visceral fat was
removed and weighed. Plasma glucose was measured by the
glucose oxidase method. Plasma insulin was measured by an
enzyme-linked immunosorbent assay (ELISA) kit (Morinaga,
Co., Tokyo, Japan). Plasma cholesterol and triglyceride
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Figure 2. Effect of exercise and high-fat diet on body fat in C57BL/6J mice on (A) mesenteric fat weight and (B) epididymal fat weight. "P<0.05 and “P<0.01.
SN, normal diet in non-exercise groups; EN, normal diet in exercise groups; SF, high-fat diet in non-exercise groups; EF, high-fat diet in exercise groups.

(TG) concentrations were measured using the Cholesterol
E-test Wako and Triglyceride E-test Wako kits (Wako Pure
Chemical, Ind., Osaka, Japan), respectively. Mice plasma
adiponectin (Otsuka Pharmaceutical, Co., Tokyo, Japan) and
nesfatin-1 levels (Phoenix Pharmaceuticals, Inc., CA, USA)
were measured by their corresponding ELISA-based kits.

Statistics. Analysis of variance followed by Bonferroni's test
were used to assess the differences among the groups. A value
of P<0.05 was considered to be statistically significant.

Results

The weekly body weight in the SF group significantly increased
compared to that in the other groups (P<0.01). The body weight
in the EF group significantly increased at week 1 (P<0.01) and
at weeks 3 and 4 (P<0.05) compared to that in the EN group
(Fig. 1A). The motor activity did not differ significantly between
the EN and EF groups, but an increasing trend was observed in
the motor activity in the EF group compared to that in the EN
group (Fig. 1B). The mean daily food intake (Kcal) in the high-fat
diet groups significantly increased compared to that in the
normal diet groups (P<0.01). The mean daily food intake (Kcal)
in the exercise groups significantly increased compared to that
in the non-exercise groups (P<0.01) (Fig. 1C). The temperature
of the mice in the EF group significantly increased compared to
that of the mice in the SN group (P<0.05) (Fig. 1D).

The mesenteric fat in the SF group significantly increased
compared to that in the EF and the other groups (P<0.01),
while the mesenteric fat in the EF group showed no signifi-
cant difference compared to that in the normal diet groups
(Fig. 2A). The epididymal fat in the SF group significantly
increased compared to that in the other groups (P<0.01), while
the epididymal fat in the EF group did not significantly differ
from that in the SN group (Fig. 2B).

The glucose concentration in the SF group significantly
increased compared to that in the normal diet groups (P<0.01),

while the blood glucose level in the EF group did not differ
significantly from that in the normal diet groups (Fig. 3A).
The plasma insulin concentration in the SF group significantly
increased compared to that in the other groups (P<0.01),
while the plasma insulin concentration in the EF group did
not differ significantly from that in the normal diet groups
(Fig. 3B). The plasma TG concentration in the SF group
significantly increased compared to that in the normal diet
groups (P<0.01), while the plasma TG concentration in the
EF group did not differ significantly from that in the normal
diet groups (Fig. 3C). The plasma cholesterol concentration
in the high-fat diet groups significantly increased compared
to that in the normal diet groups (P<0.01) (Fig. 3D). With
the high-fat diet, the plasma cholesterol concentration in the
exercise group significantly decreased compared to that in
the non-exercise group (P<0.05). The plasma adiponectin
level in the SF group significantly decreased compared to that
in the normal diet groups (P<0.05 and P<0.01). The plasma
adiponectin level in the EF group significantly decreased
compared to that in the SN group (P<0.05) (Fig. 3E). The
plasma adiponectin concentration did not differ significantly
between the EF and EN groups. The plasma nesfatin-1 level in
the SF group significantly decreased compared to that in the
SN group (P<0.05), while the plasma nesfatin-1 level in the
EF group did not differ significantly from that in the normal
diet groups (Fig. 3F).

Discussion

To date, it has been reported that exercise is closely related to
body weight, especially the accumulation of fat (17). Physical
exercise is a strategy used to counteract obesity, as it lowers
the energetic balance by increasing energy expenditure (18).
This study reveals that exercise suppresses body weight gain
caused by a high-fat diet. Although the high-fat diet increased
visceral fat, visceral fat did not increase in the exercise
groups. The food intake (Kcal) of the mice in the exercise
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Figure 3. Effect of exercise and high-fat diet in C57BL/6J mice on (A) blood glucose concentration, (B) blood insulin concentration, (C) blood triglyceride
concentration, (D) blood cholesterol concentration, (E) blood adiponectin concentration and (F) blood nesfatin-1 concentration. “P<0.05 and “"P<0.01. SN,
normal diet in non-exercise groups; EN, normal diet in exercise groups; SF, high-fat diet in non-exercise groups; EF, high-fat diet in exercise groups.

groups significantly increased compared to that in the non-
exercise groups. It is thought that exercise increases the need
for energy intake, resulting in an increased appetite.

It is known that the energy generated after the intake of
a high-fat diet is relatively higher than that generated after a
normal diet (19). In this study, the temperature of the mice
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in the EF group significantly increased compared to that of
the mice in the SN group. In addition, an increasing trend
was observed in the temperature of the mice in the EF group
compared to that of the mice in the EN group. In the EF group,
the glucose and insulin concentrations that increased with the
high-fat diet, decreased. Hence, it is considered that exercise
increases insulin sensitivity. In addition, in the EF group, TG
and total cholesterol concentrations that increased with the
high-fat diet, decreased.

It has previously been shown that adiponectin has certain
effects on insulin sensitivity, the regulation of blood glucose,
the repair of vascular lesions and the suppression of arte-
riosclerosis (20). Hattori et al have shown that adiponectin
activates the AMP-activated protein kinase in the skeletal
muscle and liver, and thus promotes the combustion of fatty
acids and the uptake of glucose to improve insulin resistance
(21). In this study, the plasma adiponectin level in the high-fat
diet groups significantly decreased compared to that in the SN
group. However, in the exercise groups, the plasma adiponectin
level did not differ significantly between the high-fat diet and
normal diet groups.

No reports are as yet available on the effects of exercise and
high-fat diet on nesfatin-1. In this study, the plasma nesfatin-1
level in the SF group significantly decreased compared to that
in the SN group, while exercise under the high-fat diet antago-
nized this significant decrease. It has recently been reported
that the fasting levels of nesfatin-1 are significantly lower
in type 2 diabetes mellitus patients than in healthy subjects
(22). In addition, Su et al have reported that the intravenous
administration of nesfatin-1 reduces the blood glucose level
in hyperglycemic db/db mice (23). Moreover, nesfatin-1-like
immunoreactivity has been detected in human and rat islet
P cells (24). Therefore, it is suggested that plasma nesfatin is
associated with lifestyle-related diseases, such as diabetes and
obesity.

In conclusion, a high-fat diet decreases plasma adiponectin
and nesfatin levels, but this decrease is suppressed by exercise.
Accordingly, it has been revealed that not only diet, but also
exercise, are important in the development and progression of
lifestyle-related diseases.
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