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Abstract  
Numerous reports have confirmed the effect of ApoE knockout 
in the induction of cardiovascular diseases and the protective 
effect of adiponectin against the progression of cardiovascular 
diseases. The aim of this study was to reveal the roles of adi-
ponectin signaling in the progression of cardiovascular diseases 
induced by ApoE knockout and to analyze the healthy effects of 
aerobic exercise on ApoE knockout mice (ApoE-/- mice) through 
observing the changes of adiponectin signaling caused by ApoE 
knockout and aerobic exercise. A twelve-week aerobic exercise 
program was carried out on the male ApoE-/- mice and the 
C57BL / 6J mice (C57 mice) of the same strain. Results show 
that the body weights, blood lipid level, plasma adiponectin 
level and adiponectin-related proteins in myocardial tissue were 
all significantly changed by ApoE knockout. A twelve-week 
aerobic exercise program exerted only minimal effects on the 
body weights, blood lipid levels, and plasma adiponectin levels 
of ApoE-/- mice, but increased the expressions of four adiponec-
tin-related proteins, AdipoR1, PPARα, AMPK and P-AMPK, in 
the myocardial tissue of the ApoE-/- mice. In summary, adi-
ponectin signaling may play an import role in the progression of 
cardiovascular diseases induced by ApoE knockout, and the 
beneficial health effects of aerobic exercise on ApoE-/- mice may 
be mainly from the increased adiponectin-related protein expres-
sion in myocardial tissue. 
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ApoE-/- mice, atherosclerosis. 
  

 

 
Introduction 
 
Adiponectin is an active peptide secreted by white adi-
pose tissue with many biological functions, including the 
regulation of fatty acid and glucose metabolism, and the 
attenuation of inflammation and atherosclerosis. Numer-
ous reports have shown the protective effects of adiponec-
tin against various cardiovascular diseases. Liao et al. 
(2005) reported that adiponectin deficiency results in 
progressive cardiac remodeling in the setting of pressure 
overload, a process mediated via decreased AMPK signal-
ing and impaired glucose metabolism. Shibata et al. 
(2004) observed that pressure overload in adiponectin-
deficient mice resulted in both enhanced concentric cardi-
ac hypertrophy and increased mortality and that adiponec-
tin supplementation attenuated these symptoms. Kumada 
et al. (2003) demonstrated that male patients with hypoad-
iponectinemia had a 2-fold increase in coronary artery 
disease (CAD) prevalence, independent of well-known 

CAD risk factors. Pischon et al. (2004) also observed that 
high plasma adiponectin concentration is associated with 
a lower risk of myocardial infarction among men. Via 
both the ligation of the left anterior descending coronary 
artery and reperfusion, Shibata et al. (2007) observed that 
the sizes of the myocardial infarcts that occurred follow-
ing ischemia-reperfusion injury in adiponectin-knockout 
(APN-KO) mice were significantly expanded compared 
with those of wild-type mice, and that adiponectin sup-
plementation significantly reduced the sizes of the infarcts 
in both APN-KO mice and wild-type mice. 

By combining with AdipoR1, which is abundantly 
expressed in myocardial tissue, adiponectin exerts its 
biological functions in myocardial tissue primarily in the 
following two pathways: the peroxisome proliferator 
activated receptor (PPAR) and the AMPK signaling 
pathways. Impairment of these signaling pathways results 
in abnormal lipid metabolism and in the development of a 
variety of metabolic disorders (Chen et al., 2012; Lee and 
Kwak, 2014a). Yamauchi et al. (2003) showed that 
PPARα is an important messenger in the adiponectin 
signaling pathway. Many PPARα target genes are in-
volved in lipid metabolism, such as in fatty acid uptake, 
binding, transport, oxidation and lipoprotein synthesis. By 
binding to the receptor and activating p38MAPK, adi-
ponectin activates the PPARα signaling pathway and 
subsequently plays a role in the regulation of insulin re-
sistance, and anti-inflammatory and anti-atherosclerotic 
processes (Chinetti et al., 2004). AMPK activation is 
another means for adiponectin to exert its biological func-
tions. Yamauchi et al. (2003) demonstrated that following 
binding to AdipoR1, adiponectin can activate AMPK, a 
protein kinase existing in most mammalian tissues, to 
increase glucose metabolism, fatty acid oxidation and 
insulin sensitivity.  

Apolipoprotein E (ApoE) is one of the primary 
apolipoproteins found in human blood and plays a key 
role in maintaining both lipid metabolism and cholesterol 
balance. At the age of three months, ApoE knockout mice 
(ApoE-/- mice) begin to present arterial fat accumulation, 
and various cardiovascular disease symptoms then gradu-
ally appear. As ApoE-/- mice exhibit the symptoms of 
high cholesterol, atherosclerosis, coronary heart disease 
and other cardiovascular disease-related disorders, they 
are widely used in cardiovascular disease research. Recent 
studies reported an impact of ApoE knockout on the ex-
pression of adiponectin in adipose tissue and the protec-
tive effects of adiponectin against the damage to cardio-
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vascular system induced by ApoE knockout (Lasrich et 
al., 2015; Li et al., 2015). However, the role of ApoE 
knockout on the adiponectin signaling pathway, especial-
ly the adiponectin-related proteins expression in myocar-
dial tissue, remains unclear. Our hypothesis is that modu-
lation of adiponectin signaling pathway may be an im-
portant way for ApoE knockout to induce the damage of 
cardiovascular system, while aerobic exercise may exert 
some protective effects against this damage through im-
proving adiponectin signaling pathway. To test this hy-
pothesis, a 12-week aerobic exercise program was carried 
out in ApoE-/- mice and normal mice of the same strain to 
observe the changes of plasma adiponectin level and 
adiponectin-related protein expression in myocardial 
tissue induced by ApoE knockout and by aerobic exer-
cise. 
 
Methods 
 
Animals 
Twenty 8-week-old male ApoE-/- mice and twenty C57BL 
/ 6J mice (C57 mice) of the same age and strain were 
purchased from the Scientific Experimental Animal De-
partment of Peking University, maintained at an ambient 
room temperature of 22-25 °C and a humidity of 34-40%, 
fed normal rodent chow and allowed free access to water. 
The ApoE-/- mice and the C57 mice were randomly divid-
ed into the following four groups: an ApoE-/- control 
group (AC, n = 10), an ApoE-/- exercise group (AE, n = 
10), a C57 control group (CC, n=10), and a C57 exercise 
group (CE, n = 10). The exercise groups (AE and CE) 
trained on treadmills for 12 weeks at a speed of 13 m∙min-

1, once a day, and six days a week. The training duration 
was 30 min∙day-1 during the first week, 40 min/day during 
the second week, and 50 min/day during subsequent 
weeks. The control groups (AC and CC groups) were not 
trained. The experimental procedures were performed in 
accordance with the Guide for the Care and Use of Labor-
atory Animals (Ministry of Science and Technology of 
China, 2006) and were approved by the animal ethics 
committee of Jiangxi Normal University. 
 
Sample collection and preparation 
Forty-eight hours after the last training session, samples 
were collected from the animals. The animals were fasted 
overnight (8 hours) before being subjected to ether anes-
thesia, and then their body weights were measured, and 
blood samples were collected from the inferior vena cava 
and immediately centrifuged for 5 min at 3000 g. The 
isolated plasma was stored at −80 °C until needed for 
analysis. Following blood sample collection, the mice 
were bled to death, and myocardial tissue samples were 
collected from their left ventricular walls, dried with filter 
paper, packed in vials, and stored in liquid nitrogen. 
 
Plasma adiponectin and blood lipids  
Plasma adiponectin was measured using a mouse adi-
ponectin enzyme-linked immunosorbent assay (ELISA) 
kit (Mouse Adiponectin/Acrp30 Quantikine ELISA Kit, 
sensitivity 0.007 ng∙mL-1, assay range: 0.16 – 10 ng∙mL-1, 
intra-assay variation: 5.8% - 6.7%, inter-assay variation: 

5.0% - 6.4%, R & D Company, USA). Total cholesterol 
(TC), triglycerides (TG), high density lipoprotein choles-
terol (HDL-C), and low density lipoprotein cholesterol 
(LDL-C) were measured via the colorimetric method 
using kits purchased from Beijing BIOSINO Biotechnol-
ogy Corporation, China.  
 
Adiponectin-related protein expression 
Western-blots were performed to measure the protein 
expression of the adiponectin-related proteins adiponec-
tin receptor 1 (AdipoR1), peroxisome proliferator-
activated receptor alpha (PPARα), adenosine monophos-
phate activated protein kinase (AMPK) and phosphory-
lated adenosine monophosphate activated protein kinase 
(P-AMPK), using glyceraldehyde-3-phosphate dehydro-
genase (GAPDH) as internal reference. Myocardial tissue 
(100 mg) was homogenized and solubilized in ice-cold 
phosphate-buffered saline (PBS) containing protease 
inhibitors and non-ionic detergent (NP-40). The total 
protein concentration was measured using a bicinchoninic 
acid (BCA) protein assay kit (Beyotime Institute of Bio-
technology, Haimen, China). The extracted proteins were 
separated via sodium dodecyl sulfate–polyacrylamide gel 
electrophoresis (SDS-PAGE) and transferred onto polyvi-
nylidene difluoride (PVDF) membranes (Millipore, 
Billerica, MA). The membranes were blocked in 5% 
nonfat dry milk in Tris-buffered saline-Tween-20 (TBST) 
solution for 60 min at room temperature. Anti-AdipoR1, 
anti-PPARα, anti-P-AMPK anti-AMPK and anti-GAPDH 
antibodies were used as the primary antibodies. The 
membranes were incubated with the primary antibodies 
overnight at 4 °C, followed by incubation with a horse-
radish peroxidase-conjugated secondary antibody for 1 
hour at room temperature. Following the second incuba-
tion, each membrane was washed for 30 min, incubated 
for 5 min with an enhanced chemiluminescence (ECL) kit 
(Amersham, Piscataway, NJ), and exposed to Hyperfilm 
ECL film (Amersham, Pittsburgh, PA). Densitometric 
analysis was performed using Image J software (Version 
1.43, Broken Symmetry Software, Bethesda, MD), and 
expression of the four adiponectin-related proteins was 
normalized to the densities of the respective GAPDH 
bands. 
 
Statistical analysis 
Statistical analyses were performed using IBM SPSS 
Statistics software version 20.0 (SPSS Inc., Chicago, IL, 
USA). The data were expressed as the means ± standard 
deviations (SDs). Two-way analysis of variance 
(ANOVA) was performed with the ApoE knockout and 
aerobic exercise as factors for the examinations of interac-
tions and main effects. However, because each factor had 
only two groups (less than three), performing post-hoc 
tests for multiple comparisons was unpractical. To further 
explore the effects of aerobic exercise on ApoE-/- mice 
and normal mice, independent T-tests were conducted to 
compare between any two groups. The significance level 
was set at 0.05. 

 
Results 
 

The  effects of ApoE knockout and aerobic exercise on  
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body weight 
As shown in Table 1, the weights of the mice of the four 
groups were very similar before the training program, and 
no significant differences were found between any of the 
groups (p > 0.05). However, after 12 weeks of training, 
the weights of all the mice had significantly increased. 
The results of two-way ANOVA revealed that the main 
effect of the ApoE knockout was significant (p < 0.05), 
but that the main effect of the aerobic exercise and the 
interaction (ApoE knockout and aerobic exercise) were 
not significant (p > 0.05). The mean comparisons showed 
that the mice of the AC and AE groups weighed signifi-
cantly more than the mice of the CC and CE groups (p < 
0.05). However, no significant differences were observed 
between the CC and CE groups, or between the AC and 
AE groups (p > 0.05). Therefore, the effect of the ApoE 
knockout on the body weights of the mice was clearly 
significant, resulting in the ApoE-/- mice gaining signifi-
cantly more weight than the C57 mice. However, the 
effects of the aerobic exercise and the interaction between 
the ApoE knockout and exercise were not significant. 
 
Table 1. The body weights of the animals before and after 
the training program (n = 10). 

Group Before training (g) After training (g) 
C57 Control  21.11 (.88) 29.00 (1.39) 
C57 Exercise  20.31 (.81) 28.14 (2.21) 
ApoE-/- Control  21.14 (.99) 32.81 (1.36) * 
ApoE-/- Exercise  20.20 (.85) 32.16 (2.21) # 

* compared with the C57 control group, P<0.05; # compared 
with the C57 exercise group, P<0.05. 
 
The effects of ApoE knockout and aerobic exercise on 
blood lipids 
The data on the four of blood lipid indices are shown in 
Table 2. The results of two-way ANOVA indicated that 
the main effects of the ApoE knockout were significant 
on all four indices (p < 0.05), but that the main effects of 
the aerobic exercise and the interaction of these two fac-
tors were significant only on two indices, TG and HDL-C 
(p < 0.05), and not on TC and LDL-C (p > 0.05). As 
shown in table 2, compared with the C57 mice (CC and 
CE groups), the ApoE-/- mice (AC and AE groups) exhib-
ited significantly higher TC, TG and LDL-C levels (p < 
0.05), and significantly lower HDL-C levels (p < 0.05). 
Compared with the CC group, TG level was significantly 
decreased (p < 0.05), and HDL-C level was significantly 
increased (p < 0.05) in the CE group. However, compared  
 

to  those  of  the  AC  group, TC, TG, LDL-C and HDL-C  
levels of the AE group were not significantly different (p 
> 0.05). These results indicate that the ApoE knockout 
resulted in a significant increase in TC, TG and LDL-C 
levels, and a significant decrease in HDL-C levels. Addi-
tionally, although aerobic exercise may have significant 
health effects on the regulation of blood lipids in normal 
mice, the effects in ApoE-/- mice were not significant. 
 
The effects of ApoE knockout and aerobic exercise on 
plasma adiponectin level 
As shown in Table 3, the plasma adiponectin levels of the 
two groups of ApoE-/- mice were significantly lower than 
those of the groups of C57 mice (p < 0.05), but no signifi-
cant differences were found between the CC and CE 
groups, and between the AC and AE groups. The results 
of two-way ANOVA demonstrated that the main effect of 
the ApoE knockout was significant (p < 0.05), but that the 
main effect of aerobic exercise and the interaction be-
tween the ApoE knockout and aerobic exercise were not 
significant (p > 0.05). 
 
The effects of ApoE knockout and aerobic exercise on 
adiponectin-related protein expression in myocardial 
tissue  
The Western blot results regarding the expression of the 
adiponectin-related proteins, AdipoR1, PPARα, AMPK 
and P-AMPK, in myocardial tissue are presented in Fig-
ure 1, and the densitometric analysis results are included 
in Table 4. The results of two-way ANOVA showed that 
the  main  effects  of both factors, the ApoE knockout and 
 

 

 
 
 

Figure 1. Western blot results of the adiponectin-related 
protein expression. CC, C57 control group; CE, C57 exercise group; 
AC, ApoE-/- control group; AE, ApoE-/- exercise group; GAPDH, 
glyceraldehyde-3-phosphate dehydrogenase; AdipoR1, adiponec-
tin receptor 1; PPARα, peroxisome proliferator-activated receptor 
alpha; AMPK, adenosine monophosphate activated protein kinase; P-
AMPK, phosphorylated adenosine monophosphate activated protein 
kinase. 

                  Table 2. Blood lipid levels of the C57 and ApoE-/- mice (n = 10). 
Group TC (mmol/L) TG (mmol/L) LDL-C (mmol/L) HDL-C (mmol/L) 
C57 Control 3.16 (.27) .97 (.31)  1.03 (.78) 1.35 (.26) 
C57 Exercise 3.13 (.30) .54 (.12) * .96 (.69) 1.68 (.13) * 
ApoE-/- Control 18.79 (3.72) * 1.51 (.29) * 9.16 (1.76) * .59 (.17) * 
ApoE-/- Exercise 18.86 (3.88) # 1.36 (.27) # 9.19 (1.59) # .66 (.21) # 
TC, total cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein 
cholesterol; * compared with the C57 control group, p < 0.05; #compared with the C57 exercise group, p < 0.05. 
 

 
                    Table 3. Plasma adiponectin levels in the C57 and ApoE-/- mice (n = 10). 

Group C57 Control C57 Exercise ApoE-/- Control ApoE-/- Exercise 
Adiponectin (μg∙ml-1) 18.96 (4.89) 19.11 (4.62) 12.41 (3.84) * 12.53 (3.99) # 

                       * compared with the C57 control group, p < 0.05; # compared with the C57 exercise group, p < 0.05. 
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Table 4. Densitometric analysis results of adiponectin-related protein expression based on Western-blot (n = 10). 
Group AdipoR1 PPARα AMPK P-AMPK 
C57 Control .95 (. 06) .86 (.01) .43 (.01) .48 (.11) 
C57 Exercise 1.17 (.05) * .89 (.05) .67 (.10) * .64 (.31) 
ApoE-/- Control 1. 15 (.09) * 1.08 (.01) * .62 (.07) * .43 (.02) 
ApoE-/- Exercise 1.43 (.07) @# 1.22 (.07) @# .91 (.10) @# .99 (.07) @## 

AdipoR1, adiponectin receptor 1; PPARα, peroxisome proliferator-activated receptor alpha; AMPK, adenosine 
monophosphate activated protein kinase; P-AMPK, phosphorylated adenosine monophosphate activated protein 
kinase; * compared with the C57 control group, p < 0.05; # compared with the ApoE-/- control group, p < 0.05; ## 
compared with the ApoE-/- control group, p < 0.01; @ compared with the C57 exercise group, p < 0.05. 

 
aerobic exercise, on the expression of all four adiponec-
tin-related proteins were significant (p < 0.05), but the 
interaction of these two factors had a significant effect on 
only P-AMPK expression (p < 0.05), and not on the ex-
pression of the other three proteins (p > 0.05). As shown 
in table 4, AdipoR1, PPARα and AMPK expression levels 
were significantly higher in the groups of ApoE-/- mice 
than in the groups of C57 mice respectively (AC vs. CC 
and AE vs. CE) (p < 0.05), but P-AMPK expression lev-
els were significantly different only between the groups of 
AE and CE (p < 0.05), not between the groups of AC and 
CC (p > 0.05). Compared with the CC group, the levels of 
these 4 proteins in the CE group were all increased, but 
only AdipoR1 and AMPK were significantly increased (p 
< 0.05). Compared with the AC group, the levels of these 
4 adiponectin-related proteins were significantly in-
creased in the AE group (p < 0.05), particularly P-AMPK, 
which increased by more than 100%. Therefore the ApoE 
knockout and aerobic exercise were both significantly 
effective in stimulating increased expression of these 4 
adiponectin-related proteins in myocardial tissue. Howev-
er compared with the C57 mice, the effects of aerobic 
exercise appeared to be more significant in the ApoE-/- 
mice. The increased amplitudes (IAs) of these proteins in 
the AE group (compared with the AC group) were larger 
than those in the CE group (compared with the CC 
group), except for AMPK (Table 4). 
 
Discussion 
 
The effects of ApoE knockout and aerobic exercise on 
body weight and blood lipid levels 
As shown in Table 1, the weights of the 8-week-old Ap-
oE-/- mice were similar to those of the C57 mice. Howev-
er, twelve weeks later, the ApoE knockout showed a sig-
nificant effect on the body weights of the mice, regardless 
of whether aerobic exercise was performed. Therefore, 
without diet control, aerobic exercise do has little effect 
on body weight because the increased energy consump-
tion by exercise may be quickly replenished via food 
intake; but ApoE knockout directly leads to a metabolic 
imbalance in lipid metabolism, which may explain why 
the ApoE-/- mice became significantly heavier than the 
normal mice. As one of the primary apolipoproteins, 
ApoE plays a key role in maintaining both lipid metabo-
lism and cholesterol homeostasis. As shown in table 2, 
compared with the normal mice, the TC, TG, LDL-C and 
HDL-C levels in the ApoE-/- mice were significantly 
changed. 

Regarding the effects of aerobic exercise on blood 
lipids, exercise was effective in regulating the TG and 

HDL-C levels in the blood of the normal mice, but not in 
the ApoE-/- mice. Although lipid mobilization may be 
accelerated with exercise, the ApoE knockout might cause 
impairment in plasma lipid residue removal, as well as 
other lipid metabolism disorders, thus impairing the ef-
fects of aerobic exercise in regulating the blood lipid 
levels in ApoE-/- mice. 
 
The effects of ApoE knockout and aerobic exercise on 
plasma adiponectin levels 
Numerous reports have described the effects of exercise 
on plasma adiponectin, but the conclusions drawn by 
these studies were not consistent (Golbidi and Laher, 
2014). Mahmoodi et al. (2014) reported that plasma adi-
ponectin levels increased immediately following exercise 
but returned to normal within 30 minutes. Akbarpour et 
al. (2013) reported that 12 weeks of aerobic exercise 
significantly increased plasma adiponectin levels among 
females with coronary atherosclerosis. However, many 
studies (Bobbert et al., 2007; Lee and Kwak, 2014b) have 
also claimed that aerobic exercise exerts no significant 
effects on plasma adiponectin levels.  

Based on the results shown in table 3, the plasma 
adiponectin levels of the mice were significantly affected 
by the ApoE gene knockout, but the effects of the aerobic 
exercise were negligible in both the ApoE-/- and C57 
mice. Therefore, the abnormal lipid metabolism caused by 
ApoE gene knockout may account for the lower plasma 
adiponectin levels observed in the ApoE-/- mice. As 
shown in tables 1 and 2, the effects of the aerobic exercise 
on the body weights and the majority of blood lipid indi-
ces were negligible, indicating that the aerobic exercise 
utilized in this study was not sufficient to significantly 
impact the body fat compositions of animals in the ab-
sence of diet control. The adiponectin secreted by adipose 
tissue is a key factor in the regulation of plasma adiponec-
tin levels. To significantly change the plasma level of 
adiponectin via exercise, it may be necessary to increase 
either the intensity of the exercise or the length of the 
exercise. 
 
The effects of ApoE knockout and aerobic exercise on 
adiponectin-related protein expression in myocardial 
tissue 
The effects of aerobic exercise on the expression of the 
adiponectin-related proteins AdipoR1, PPARα, AMPK 
and P-AMPK in myocardial tissue have seldom been 
reported, although the effects of exercise on the expres-
sion of these proteins have been described in previous 
studies involving skeletal muscle. Vu et al. (2007) report-
ed that low intensity training may have resulted in in-
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creased AdipoRl expression in skeletal muscle of Wistar 
rats; however, short-term exercise did not significantly 
increase AdipoRl expression in skeletal muscle and de-
crease AdipoR2 expression. Therefore, it has been hy-
pothesized that only long-term aerobic exercise increases 
the expression of both AdipoRl and AdipoR2 in skeletal 
muscle. It has also been reported that eight weeks of aer-
obic exercise increases PPAR expression in skeletal mus-
cle, effectively inhibiting cholesterol transport (Thomas et 
al., 2012). Coven et al. (2003) and Musi et al. (2005) 
determined that acute exercise increases both the activity 
and the expression of AMPK in myocardial tissue; how-
ever, David et al. (2009) reported that exercise has no 
effects on either the phosphorylation or the expression of 
AMPK in myocardial tissue. Based on the findings of 
these studies, the effects of exercise on AdipoR1, PPARα, 
AMPK and P-AMPK expression in myocardial tissue 
have not yet been conclusively determined, due to the use 
of different exercise intensities and exercise durations in 
individual experiments. 

Myocardial adiponectin functions primarily by 
combining with AdipoRl. In this study, the effects of the 
ApoE knockout and aerobic exercise were both found to 
be significant on myocardial AdipoRl levels, which might 
effectively enhance the sensitivity of myocardial tissue to 
adiponectin.  

PPARα is a key protein (Madrazo and Kelly, 2008) 
in the regulation of the fatty acid oxidation in the heart. In 
this study, the overall effects of both the ApoE gene 
knockout and aerobic exercise were significant on PPARα 
expression in myocardial tissue. Notably, however, after 
12 weeks’ aerobic exercise, the change in PPARα expres-
sion was not significant in normal mice, but was signifi-
cant in ApoE-/- mice. These findings indicate that the 
exercise utilized in this study may not have been suffi-
cient to alter myocardial lipid metabolism in the normal 
mice, and to increase PPARα expression, but was suffi-
cient to increase myocardial PPARα expression in the 
ApoE-/- mice (p < 0.05). 

AMPK is an enzyme that regulates intracellular 
energy metabolism, which it accomplishes by promoting 
energy production and maintaining energy balance via the 
activation of downstream signal transduction pathways. 
Experimental evidence indicates that AMPK plays an 
important role in cardiac development, myocardial energy 
metabolism, and protection against myocardial ischemia-
reperfusion injury (Kim et al., 2009). In this study, 12 
weeks of aerobic exercise effectively promoted the 
AMPK expression and phosphorylation in myocardial 
tissue in both types of mice, but appeared to have more 
significant effects in the ApoE-/- mice than in the normal 
mice. As shown in table 4, P-AMPK expression was in-
creased by more than 100% in the AE group mice, which 
was a much greater increase than that in the CE group 
mice.  

The aerobic exercise utilized in this study was ef-
fective in stimulating the adiponectin-related protein 
expression in myocardial tissue of the both types of mice, 
but the effectiveness of this stimulation was more signifi-
cant in the ApoE-/- mice. After the 12 weeks of aerobic 
exercise, the increases in expression of the four adiponec-

tin-related proteins in the myocardial tissue of ApoE-/- 
mice were more significant than those of normal mice. 
ApoE-/- mice are born with disorders of cardiovascular 
system and impaired energy metabolism, causing these 
mice having a lower exercise capacity than normal mice. 
In this study, although the exercise models used for both 
types of mice were the same, the stimulation might have 
differed due to the different exercise capacities, thus the 
same exercise might have appeared more effective in 
promoting adiponectin-related protein expression in myo-
cardial tissue in the ApoE-/- mice than in the normal mice. 
 
Conclusion 
 
The effects of the ApoE gene knockout were significant 
on the body weight, blood lipids, plasma adiponectin and 
adiponectin-related protein expression in the myocardial 
tissue, and the effects of aerobic exercise were also signif-
icant on adiponectin-related protein expression and some 
indices of blood lipid indices. In summary, adiponectin 
signaling may play an import role in the progression of 
cardiovascular diseases induced by ApoE knockout, and 
the healthy effect of aerobic exercise on ApoE-/- mice may 
be mainly from the increased adiponectin-related protein 
expression in myocardial tissue  
 
Acknowledgements 
This research was supported by the National Science Foundation of 
China (NSFC 21365013) and by the science project from the Jiangxi 
Provincial Education Department (GJJ 13240). The authors declare that 
there are no conflicts of interest. 
 
References  
 
Akbarpour, M. (2013) The effect of aerobic training on serum adiponec-

tin and leptin levels and inflammatory markers of coronary 
heart disease in obese men. Biology of Sport 30, 21-27. 

Bobbert, T., Wegewitz, U., Brechtel, L., Freudenberg, M., Mai, K., 
Möhlig, M., Diederich, S., Ristow, M., Rochlitz, H., Pfeiffer, 
A.F. and Spranger, J. (2007) Adiponectin oligomers in human 
serum during acute and chronic exercise: relation to lipid me-
tabolism and insulin sensitivity. International Journal of Sports 
Medicine 28, 1-8.  

Chen, Z., Zhang, L., Yi, J., Yang, Z., Zhang, Z. and Li, Z. (2012) Pro-
motion of adiponectin multimerization by emodin: a Novel 
AMPK activator with PPARγ-agonist activity. Journal of Cel-
lular Biochemistry 113, 3547-3558. 

Chess, D.J., Khairallah, R.J., O'Shea, K.M., Xu, W. and Stanley, W.C. 
(2009) A high-fat diet increases adiposity but maintains mito-
chondrial oxidative enzymes without affecting development of 
heart failure with pressure overload. American Journal of Phys-
iology, Heart and Circulatory Physiology 297, 1585-1593.  

Chinetti, G., Zawadski, C., Fruchart, J.C. and Staels, B．(2004) Expres-
sion of adiponectin receptors in human macrophages and regu-
lation by agonists of the nuclear receptors PPARalpha, PPAR-
gamma, and LXR．Biochemical and Biophysical Research 
Communication 314, 151-158． 

Coven, D.L., Hu, X., Cong, L., Bergeron, R., Shulman, GI., Hardie, 
D.G. and Young, L.H. (2003) Physiological role of AMP-
activated protein kinase in the heart: graded activation during 
exercise. American Journal of Physiology, Endocrinology and 
Metabolism 285, 629-636. 

Golbidi, S. and Laher, I. (2014) Exercise induced adipokine cChanges 
and the metabolic syndrome. Journal of Diabetes Research, 
726861. doi: 10.1155/2014/726861. 

Kim, A.S., Miller, E.J. and Young, L.H. (2009) AMP-activated protein 
kinase: a core signaling pathway in the heart. Acta Physiologi-
cal (Oxford, England) 196, 37-53. 

Kumada,  M.,  Kihara, S., Sumitsuji, S., Kawamoto, T., Matsumoto, S.,  



Exercise effects on ApoE-/- mice 
 

 

 

882 

Ouchi, N., Arita, Y., Okamoto, Y., Shimomura, I., Hiraoka, H., 
Nakamura, T., Funahashi, T. and Matsuzawa, Y. (2003) Asso-
ciation of hypoadiponectinemia with coronary artery disease in 
men. Arteriosclerosis, Thrombosis, and Vascular Biology 23, 
85-89. 

Lasrich, D., Bartelt, A., Grewal, T., Heeren, J. (2015) Apolipoprotein E 
promotes lipid accumulation and differentiation in human adi-
pocytes. Experimental Cell Research  337, 94-102. 

Lee, S. and Kwak, H.B. (2014a) Role of adiponectin in metabolic and 
cardiovascular disease. Journal of Exercise Rehabilitation 10, 
54-59. 

Lee, S. and Kwak, H.B. (2014b) Effects of interventions on adiponectin 
and adiponectin receptors. Journal of Exercise Rehabilitation 
10, 60-68. 

Li, C., Wang, Z., Wang, C., Ma, Q., Zhao, Y. (2015) Perivascular adi-
pose tissue-derived adiponectin inhibits collar-induced carotid 
atherosclerosis by promoting macrophage autophagy. PLoS 
One 10, e0124031. 

Liao, Y., Takashima, S., Maeda, N., Ouchi, N., Komamura, K., 
Shimomura, I., Hori, M., Matsuzawa, Y., Funahashi, T. and 
Kitakaze, M. (2005) Exacerbation of heart failure in adiponec-
tin-deficient mice due to impaired regulation of AMPK and 
glucose metabolism. Cardiovascular Research 67, 705-713. 

Madrazo, J.A. and Kelly, D.P. (2008) The PPAR trio: regulators of 
myocardial energy metabolism in health and disease. Journal of 
Molecular and Cellular Cardiology 44, 968-975. 

Mahmoodi, R., Daryanoosh, F., Kasharafifa, S., Hoseini, M., Tanideh, 
N., Mehrabani, D. and Almasi-Hashiani, A. (2014) Effect of 
exercise on serum adiponectin and lipoprotein levels in male 
rat. Pakistan Journal of Biological Sciences 17, 297-300. 

Musi, N., Hirshman, M.F., Arad, M., Xing, Y., Fujii, N., Pomer leau, J., 
Ahmad, F., Berul, C.I., Seidman, J.G., Tian, R. and Goodyear, 
L.J. (2005) Functional role of AMP-activated protein kinase in 
the heart during exercise. FEBS Letters 579, 2045-2050. 

Pischon, T., Girman, C.J., Hotamisligil, G.S., Rifai, N., Hu, F.B. And 
Rimm, E.B. (2004) Plasma adiponectin levels and risk of myo-
cardial infarction in men. Jama- Journal of the American Medi-
cal Associiation 291, 1730-1737. 

Shibata, R., Ouchi, N., Ito, M., Kihara, S., Shiojima, I., Pimentel, D.R., 
Kumada, M., Sato, K., Schiekofer, S., Ohashi, K., Funahashi, 
T., Colucci, WS and Walsh, K. (2004) Adiponectin-mediated 
modulation of hypertrophic signals in the heart. Nature Medi-
cine 10, 1384-1389. 

Shibata, R., Sato, K., Kumada, M., Izumiya, Y., Sonoda, M., Kihara, S., 
Ouchi, N. and Walsh, K. (2007) Adiponectin accumulates in 
myocardial tissue that has been damaged by ischemia-
reperfusion injury via leakage from the vascular compartment. 
Cardiovascular Research 74, 471-479. 

Thomas, A.W., Davies, N.A., Moir, H., Watkeys, L., Ruffino, J.S., Isa, 
S.A., Butcher, L.R., Hughes, M.G., Morris, K. and Webb, R. 
(2012)  Exercise-associated generation of PPARγ ligands 
activates PPARγ signaling events and upregulates genes related 
to lipid metabolism. Journal of Applied Physiology 112, 806-
815. 

Vu, V., Riddell, M.C. and Sweeney, G. (2007) Circulating adiponectin 
and adiponectin receptor expression in skeletal muscle: effects 
of exercise. Diabetes/Metabolism Research and Reviews 23, 
600-611. 

Yamauchi, T., Kamon, J., Ito, Y., Tsuchida, A., Yokomizo, T., Kita, S., 
Sugiyama, T., Miyagishi, M., Hara, K., Tsunoda, M., Muraka-
mi, K., Ohteki, T., Uchida, S., Takekawa, S., Waki, H., Tsuno, 
N.H., Shibata, Y., Terauchi, Y., Froguel, P., Tobe, K., Koyasu, 
S., Taira, K., Kitamura, T., Shimizu, T., Nagai, R. and Ka-
dowaki, T. (2003) Cloning of adiponectin receptors that medi-
ate antidiabetic metabolic effects. Nature 423, 762-769. 

 
 
 
 
 
 
 
 
 

AUTHOR BIOGRAPHY 
Xiao-Juan ZHU  
Employment  
Key Laboratory of Training Monitoring and Intervention on 
the Sports in Water, State Sports General Administration of 
China; Institute of Physical Education, Jiangxi Normal Uni-
versity, China.  
Degree  
MD  
Research interests  
Health and environment, physical fitness and sports physiolo-
gy.  
E-mail: zhxjhh@163.com 
Li-Hui CHEN  
Employment  
Key Laboratory of Training Monitoring and Intervention on 
the Sports in Water, State Sports General Administration of 
China; Institute of Physical Education, Jiangxi Normal Uni-
versity, China.  
Degree  
MD  
Research interests  
Sports medicine and sports psychology. 
E-mail: 371051670@qq.com 
Jiang-Hua LI  
Employement  
Key Laboratory of Training Monitoring and Intervention on 
the Sports in Water, State Sports General Administration of 
China; Institute of Physical Education, Jiangxi Normal Uni-
versity, China.  
Degree  
PhD  
Research interests  
Sports medicine, sports physiology, physical fitness and me-
tabolomics. 
E-mail: lijianghua8@sina.com 

 
 
Key points 
 
• A twelve-week aerobic exercise program exerted 

only limited effects on the body weights and the 
plasma adiponectin levels of both the normal mice 
and the ApoE-/- mice but did effectively regulate the 
blood lipid levels of the normal mice (but not the 
ApoE-/- mice). 

• After 12 weeks of aerobic exercise, expression of the 
adiponectin-related proteins in the myocardial tissue 
of the ApoE-/- and normal mice was increased, but the 
increased amplitudes of these proteins in the ApoE-/-  

mice were much larger in the ApoE-/- mice than in 
the normal mice.  

• Aerobic exercise might not alter the plasma adi-
ponectin levels and blood lipid levels of ApoE-/- 
mice, but improve myocardial energy metabolism 
and relieve cardiovascular disease symptoms by in-
creasing adiponectin-related protein expression in 
myocardial tissue.  
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