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Abstract: Problem statement: Adiponectin is an adipocyte secreted hormones, exerts its effects via 
the specific receptors. AdipoR1 and adipoR2 and plays a pivotal role in lipid and glucose metabolism. 
Approach: We investigated the effect of increased physical activities on insulin resistance and if this 
effect is modulated through adiponectin receptor expression. Results: We also assessed the effect of 
High Fat Diet (HFD) on adipoRs expression. Mice were subjected to 16 weeks of HFD protocol then 
to 4, 6 and 8 weeks of exercise training. Following the experimental protocol the fasting plasma 
glucose, insulin and index of Homeostasis Model Assessment of insulin Resistance (HOMA-R) were 
evaluated. The mRNA expression of adiponectin receptors genes were also analyzed using reverse 
transcription RT-PCR. The consumption of high fat diet by the mice for 16 weeks resulted in a 
significant increase in weight associated with insulin resistance and associated with significant 
decrease in adiponectin receptors R1 and R2 expression in both liver and skeletal muscle. Exercise 
training for 4 weeks resulted in a significant improvement in the insulin resistance state, significant 
increase in expression of AdipoR1 and AdipoR2 in both liver and skeletal muscles. On increasing 
duration of exercise training for 6 weeks and 8 weeks there was significant improvement in insulin 
resistance and significant increase in the expression of AdipoR1 in liver, AdipoR1 and AdipoR2 in 
muscle, whereas liver AdipoR2 expression was significantly decreased. 
Conclusion/Recommendations: we conclude that the exercise training improves insulin sensitivity 
and up-regulates mRNA expression of AdipoR1 in both skeletal muscle and liver in mice and AdiopR2 
in muscle and this suggests that the insulin sensitizing effect of exercise training may be mediated even 
partially through increased adiponectin receptor expression and up regulation of adiponectin receptors 
reaches certain level and increasing the duration of exercise adds no more improvement to insulin 
sensitivity or adiponectin receptor expression. 
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INTRODUCTION 

 
 It’s now widely accepted that obesity is associated 
with many metabolic disorders including insulin 
resistance and type 2 diabetes (Kahn et al., 2006).  It is 
well established that adipose tissue is more than just a 
passive reservoir for excess energy. It’s a highly active 
endocrine organ plays an active role in the regulation of 
whole body metabolism by secreting a range of 
bioactive peptides, termed adipokines, they include for 
example: Leptin, resistin, tumor necrosis factor α and 
vesfatin (Galic et al., 2010). Adiponectin, also known as 
adipocyte component-related protein (weight 30 kDa; 
ACRP30), adipoQ, adipose most abundant gene 
transcript 1(apM1) is an adipokine that specifically and 
abundantly expressed in the adipose tissue (Berg et al., 

2001; Combs et al., 2002). Adiponectin has now been 
added on the list as a new and a very exciting player in 
the field of obesity related insulin resistance as its 
production and concentration actually decrease in obesity 
(Tsao et al., 2002). The association between obesity and 
adiponectin deficiency represents a very important step 
in the understanding of obesity related insulin resistance 
(Haluzik et al., 2004). Recently, two types of adiponectin 
receptors have been cloned, adiponectin receptor1 
(AdipoR1) which is mainly expressed in skeletal muscle 
and adiponectin receptor 2 (AdipoR2) which is mainly 
expressed in the liver. Finding that inhibition of 
adiponectin receptor expression results in suppression of 
glucose uptake suggesting that the proposed effect on the 
glucose homeostasis and insulin sensitivity might be 
regulated by the expression level of adiponectin receptors 
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(Yamauchi et al., 2007). Interestingly the insulin 
sensitizing effects of exercise have similar metabolic 
effects as adiponectin in that exercise also promotes 
glucose uptake into the muscle and increase fatty acid 
oxidation (Vu et al., 2007). Therefore, the aim of the 
present study was to determine the effect of increased 
physical activities on insulin resistance and if this effect 
is modulated through adiponectin receptors expression. 
In this study the effect of high fat diet on AdipoR 
expression was also assessed to determine whether 
exercise training affects the expression on AdipoR 
exclusively.  
 

MATERIALS AND METHODS 
 
Experimental animals and protocols: Ten week old 
male mice (n = 80) weighing 20-25 gm. without any 
previous preparation and with free access to food and 
water, were housed under controlled temperature and 
lighting conditions of 20-24°C, 12 h light-darkness 
cycle. A regular diet containing 27% protein, 13% lipid 
and 60% carbohydrates of total caloric requirement was 
available until the start of experiment once the 
experimental protocol was initiated, the mice divided 
into control (CON group n = 8) prepared as the wild type 
control for comparisons of mRNA expression. Sixty 
eight mice were provided by high fat diet (fat represents 
60%, CHO 21.4% and protein 18.6% of total caloric 
requirements (Akagiri et al., 2008) for 16 weeks, 36 
mice from them were submitted for exercise (ET group) 
and subdivided into 3 subgroups according to the 
exercise   durations,   (ET1    n  =  12,  Exercise  duration 
= 6 weeks), (ET2 n = 12 Ex. duration = 8 weeks) and 
(ET3 n = 12 Ex. duration = 12 weeks). The remained 32 
mice were continuously provided with high fat diet 
without exercise: High Fat Diet (HFD group n = 32). 
Weight and food consumption of all mice were measured 
daily. 
 Following  acclimatization  to  swimming in 
water tank and according to swimming protocol of 
Reynolds et al. (2000), mice in ET group were 
exercised at 15 min  swim interval, the training time 
were slowly increased  to 45   min  day−1 over 1  week  
period, 5 days week−1 for a total of 6, 8 and 12 weeks. 
At the end of duration of each exercise group and after 
overnight fasting, the ET mice and a corresponding 
number of mice from HFD group were decapitated and 
biceps femoris muscle, liver were removed and 
immediately placed in Cryo tubes and stored in RNA 
Later solution (Qiagen-GmbH   Hilden, Germany)  at 
10 µL per 1 mg of tissue at-80°C. About 2 mL blood 
sample was collected from the right ventricle, placed 
immediately in vaccutainer tubes containing EDTA for 
plasma separated which stored at -20°C.  

Blood chemistry assay: Glucose concentration was 
assayed spectrophotometrically using commercially 
available kit (Quantichrom Glucose Assay Kit). Serum 
insulin was assayed using INS-EASIA Kit (BioSource 
Europe SA). The index of homeostasis model 
assessment of insulin resistance (HOMA-R) insulin 
(µU mL−1) × glucose (mg dL−1)/405 (Matthews et al., 
1985) of each animal was calculated from fasting 
plasma glucose and insulin concentrations. 
 
Gene expression analysis: Biopsies of liver and 
muscles were taken and immediately placed in Cryo 
tubes and stored in RNA later solution (Qiagen, GmbH, 
Hilden, Germany) at 10 µL per 1 mg of tissue at -80°C 
for further processing. 
 From each of the stored liver and muscles biopsies, 
30 mg of the tissue were cut and homogenized using 
rotor-stator homogenizer (Art-Miccra D-8 Germeny) 
for 20 sec. Total RNA was extracted using RNeasy 
mini kit (Qiagen, GmbH, Hilden, Germany) following 
the protocol. 50 µL of the eluted RNA was collected 
and immediately placed in ice. 
 Concentration of RNA sample was measured 
Spectrophotometrically = 44 ug mL−1 X A260 X 
dilution factor (Wilfinger et al., 1997). The ratio of the 
readings at 260 and 280 nm (A260/A280) provides an 
estimate of the purity of RNA. Pure RNA has an 
A260/A280 ratio of 1.9-2.3. 
 
One step RT-PCR: In rapid cycler PCR (G- Storm 
Thermal cycler, England) 10 µL from each sample of 
extracted RNA were used in RT-PCR for each 
adiponectin receptor 1, adiponectin receptor 2 and β 
actin genes using one step RT-PCR kit (Qiagen Gmbh, 
Hilden, Germany) according to the manufacturer’s 
instruction. Amplification was performed using the 
following primer sets provided by (Operon, inc 
Huntsville, Alabama Germany).: Forward primer 5�- 
CTT CTA CTG CTC CCC ACA GC.3� reverse primer 
5�- ACA CCA CTC AAG CCA AGT CC-3� for 376 
bp fragment of Adipo R1, forward primer 5�- TCA 
GAG CAG GAG TGT TCG TG -3� reverse primer5�- 
GGC AGC TCC GGT GAT ATA GA-3� for 315 bp 
fragment of Adipo R2 and forward primer 5� -TGT 
TAC CAA CTG GGA CGA CA- 3� reverse primer 5� 
- GGG GTG TTG AAG GTC TCA AA- 3� for 588 bp 
fragment of B-actin. PCR conditions for amplification 
of  AdipoR1,  AdipoR2   and β  actin  were  50°C  for 
45 min, 95°C for 15 min and 40   cycles   at  95°C  for 1 
min, 55°C for 1min and 72°C for 2 min. 
 
Analysis of the amplified products: The amplified 
DNA was analyzed by electrophoresis. About 10 µL of 
each reaction mixture and 1000 base pair (bp) ladder 
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(Molecular weight marker) was separated on 2% 
agarose gel containing 0.3 ug mL−1 of ethidium 
bromide. The bands were visualized using UV Tran 
illuminator (254 nm) and photographed using a digital 
camera 8 mega pixel. The image was transferred to be 
analyzed by computer software (Alpha InnoTech Gel 
Documentation System). 
 
Statistical analysis: Data were expressed as mean ± 
SD individual variables were compared using the 
student “t” test and paired “t” test according to 
Armistag (1983) using computer with SPSS version 16 
program.  Statistical   significance   was   accepted  at 
p-value<0.05 or lower.  
 

RESULTS 
 
 Body weight and blood chemistry parameters 
during experimental protocol are shown in Table 1. 
Consumption of high fat diet HFD by the mice for 16 
weeks resulted in a significant increase (p<0.001) in 

weight associated with insulin resistance manifested by 
a significant increase in plasma insulin levels (p<0.05), 
plasma glucose level (p<0.001) and more over insulin 
resistance as assessed by HOMA was found to show 
significant increase (p<0.05) as shown in Table 1. On 
increasing the duration of consumption of HFD for 20, 
22 and 24 weeks there was no significant increase in the 
body weight or insulin resistant state on comparing 
them with the consumption of HFD for 16 weeks. 
Increase consumption of HFD for 20, 22 and 24 weeks 
had non significant decrease in the expression of 
adiponectin receptors AdipoR1 and AdipoR2 in both 
liver  and  muscle Fig. 1a-e  and  Chart 1  on  comparing 
them with the consumption of HFD for 16 weeks. 
Studying the effect of exercise training for 45 min day−1 
for 4 weeks resulted in an improvement in the insulin 
resistance state on comparing them with the same aged 
group as there was significant (p<0.05) decrease in 
plasma insulin, plasma glucose and more over HOMA 
as shown in Table 1.   
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Fig. 1: Gel electrophoresis of the amplified products of target genes expressed; (a) B-actine mRNA expression as a 

house keeping gene in both liver and muscle tissues; Lane 1 and 8: 1000bp ladder, lane 2: CON, lane 3: HFD, 
lane 4: ET1, lane 5: ET2, lane6:ET3 and lane 7: negative control; (b) mRNA expression of AdipoR1 in 
muscle (376bp); Lane 1 and 8: 1000bp ladder, lane 2: negative control, lane 3:CON, lane 4:HFD, lane 5: 
ET1, lane6: ET2 and lane 7: ET3; (c) mRNA expression of AdipoR2 in muscle 315bp); Lane 1 and 8: 
1000bp ladder, lane 2:CON, lane 3:HFD, lane 4:ET1, lane 5:ET2, lane6:ET3 and lane 7: negative control; (d) 
mRNA expression of AdipoR1 in liver (376bp). Lane 1 and 8: 1000bp ladder, lane 2: CON, lane 3: HFD, 
lane 4: ET1, lane 5: ET2, lane6:ET3 and lane 7: negative control; (e) mRNA expression of AdipoR2 in liver 
(315bp) Lane 1 and 8: 1000bp ladder, lane 2: CON, lane 3:HFD, lane 4: ET1, lane 5:ET2, lane6:ET3 and lane 
7: negative control 
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Table 1: Mean ± SD of Body weight, Fasting plasma glucose and insulin among studied groups 
Groups CON HFD    ET group 

 Parameters N = 8 N = 32    N = 36 
  ----------------------------------------------------------------------- ------------------------------------------------------  
Duration 16 week 16 week 20 week 22 week 24 week ET1 ET2 ET3 
 N = 8 N = 8 N = 8 N = 8 N = 8 N = 12 N = 12 N = 12 
Body weight 32.1±2.5 46.0±2.1* 46.9±1.9 47.9±2.3 48.3±2.1 41.0±2.4 39.4±1.8 41.0±1.7 
FPG mg dL−1 142.6±7.3 204.0±25.1* 205.2±26.3 208.3±27.5 210.5±25.5 149.0±31.3* 128.9±39.5 123.3±30.4 
Insulin (µU mL−1) 1.7±1.1 4.3±2.9* 4.5±1.7 5.4±1.9 5.6±1.7 0.9±0.3* 0.6±0.5 0.7±0.1 
HOMA-R 0.6±0.4 2.04±1.2* 2.2±0.9 2.4±0.8 2.7±0.9 0.3±0.1* 0.2±0.2 0.2±0.07 
 
 

  
Cart 1: Relative expression of AdipoRs mRNA among 

studied groups 
 
Also Exercise training for 4 weeks resulted in 
significant increase (p <0.001) in expression of 
adiponectin receptors AdipoR1 and AdipoR2 in both 
liver and skeletal muscles on comparing them with 
same aged group who received only HFD Fig. 1a-e and 
Chart 1. On increasing duration of exercise training for 
6 weeks then for 8 weeks comparing them with the 
same aged group only received HFD for the same 
durations, there was significant improvement in insulin 
resistance regarding plasma insulin level as it showed 
significant decrease (p<0.05), plasma glucose which 
significantly decreased (p<0.001) and moreover 
HOMA showed significant decrease (p<0.05) Also 
exercise training for 6 and for 8 weeks resulted in 
significant increase in the expression of adiponectin 
receptors AdipoR1 in liver, AdipoR1 and AdipoR2 in 
muscle, whereas liver AdipoR2 expression was 
significantly decreased (p<0.001). 
 

DISCUSSION 
 
 Significant increase in mice weight and in 
insulin resistance go along with the fact that a HFD-
based on hydrogenated vegetable oil- leads to insulin 
resistance and   our   findings   are   in  agreement  
with (Akagiri et al., 2008) as they reported that high fat 

diet using hydrogenated vegetable oil as source of fat 
for 100 day produces insulin resistance in experimental 
animals assessed by weight gain, increased plasma 
glucose level and plasma insulin level and Barnea et 
al.,(2006) who stated that mice fed high fat diet for 4 
months exhibited significantly greater weight gain, 
abnormal oral glucose tolerance test and elevated 
Homeostasis Model Assessment of insulin resistance 
(HOMA). Obesity induced insulin resistance could be 
explained by different mechanisms such as endocrinal 
mechanisms where the insulin sensitizing adipokines 
(e.g., adiponectin) decrease (Diez and Iglesias, 2003), 
while adipokines increasing insulin resistance increase 
(Hotamisligil, 2003; Ma et al., 2004; Qi et al., 2006). 
Another explanation was showed by (Lumeng et al., 
2007) who reported that obesity induced insulin 
resistance via certain inflammatory mechanisms as 
obesity is characterized by macrophage accumulation in 
white adipose tissue and these macrophages are likely 
to contribute to a reduction in insulin sensitizing 
adipokines and an increase in other adipokines which 
decrease insulin sensitivity as discussed earlier. A third 
explanation was reported by (Houstis et al., 2006) who 
reported that obesity-related elevation of Fatty Acids 
(FAs) that cause oxidative stress which is considered a 
causative factor in the development of insulin resistance 
and the reversal of the imbalance between reactive 
oxygen species and antioxidants improves insulin 
resistance in mice and humans. Our finding support the 
assumption that reduced expression of adiponectin 
receptor plays a role in reduced insulin sensitivity 
caused by high fat diet (Naderali et al., 2003). Our 
findings were in agreement with (Huang et al., 2006) 
who reported that there is an impact of obesity on 
AdipoR1 in skeletal muscle as they exhibited lower 
expression levels in mice and (Barnea et al., 2006) who 
reported that there is a tissue specific effect of the high 
fat diet on the hepatic receptor expression as their 
expression was decreased in mice. These results are 
explained by (Inukai et al., 2004) who reported that 
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there are some regulatory mechanisms of adiponectin 
receptors expression, one of them which have been 
reported is the plasma insulin levels and 
hyperglycemia. It has been shown that they repress 
receptors expression in both muscle and liver via 
activation of phosphatidyl inositol 3-kinase and 
inactivation of Foxo1.Interestingly (Tsuchida et al., 
2004) has reported that the expression of AdipoR1/R2 
in insulin target organs, such as skeletal muscle and 
liver, is significantly increased in fasted mice and 
decreased in re fed mice. Thus, the expression of 
AdipoR1/R2 appears to be inversely correlated with 
plasma insulin levels in vivo. Also the incubation of 
hepatocytes or myocytes with insulin reduced the 
expression of AdipoR1/R2 in vitro. These results highly 
suggest that the exercise is one of the main strategies in 
the reduction of insulin resistance, however there was 
no significant weight loss in the exercised group 
(Devlin and Horton, 2005).This improvement in 
insulin resistance in mice under the effect of exercise 
was reported by (Huang et al., 2006)  and    in humans 
by   (Devlin  and  Horton, 1985; Dela  et al., 1996; 
John et al., 2000). Also (Lee et al., 2005) reported that 
despite the absence of significant weight loss, 
moderate-intensity exercise was associated with 
significant reductions in abdominal fat and skeletal 
muscle lipid content in type II diabetes which was 
associated with improvement in insulin resistance state. 
And more over (Ross et al., 2000) showed that exercise 
training does not necessarily need to reduce body 
weight to have beneficial physiological effects on 
insulin resistance. Several Mechanisms have been 
proposed to account for these exercise-related 
improvements in insulin resistance state (Ivy et al., 
1999) have proposed many pre receptor events e.g., 
increased muscle glucose delivery because of increased 
muscle capillary density and changes in muscle 
composition favoring increased glucose disposal as 
well as post receptor adaptations e.g., enhanced 
glucose transport via increased concentration of 
GLUT-4 in skeletal muscle (Dela et al., 1994), 
(Saengsirisuwan et al., 2002) and  greater activity of the 
enzymes hexokinase II (Koval et al., 1998) and glycogen 
synthase (Ebeling et al., 1993). John Kirwan et al. 
(2000) reported that there is successfully identified up 
regulation of some post receptor steps such as IRS-1and 
PI3-kinase that leads to increase cellular glucose uptake 
in skeletal muscle. Lastly, the anti-inflammatory effects 
of exercise are well known and studies have shown that 

exercise reduces TNF-α concentrations, which may in 
part explain the increases in GLUT4 expression 
(Petersen and Pedersen, 2005). Our results mean that 
increased physical activity for 4 weeks is sufficient for 
inducing changes in adiponectin receptors expression and 
that the magnitude of these changes parallels the 
improvement in insulin resistance (Blüher et al., 2006; 
Zeng et al., 2007). Up-regulation of the adiponectin 
receptors could be explained by the reduction in blood 
insulin or glucose levels mediated by exercise training 
as the decrease in the expression levels of adiponectin 
receptors was reported to be directly related to increased 
plasma insulin levels and hyperglycemia (Tsuchida et al., 
2004), however (Huang et al., 2006) showed that there 
was no significant changes observed in the expression 
of adiponectin receptors in mice were submitted for diet 
restriction for eight weeks despite the reduction in 
blood insulin and glucose levels, therefore exercise 
training might directly regulate the expression of 
adiponectin receptors, thereby being involved in 
improvements to the diabetic state and insulin 
sensitivity in mice. In contrast to these results, 
Punyadeera et al. (2005) showed that acute exercise 
training failed to change the expression levels of either 
AdipoR1 or AdipoR2 in the skeletal muscles of healthy 
volunteers they speculated that the divergent results 
from the effects obtained by chronic exercise arose 
from differences in exercise duration and intensity and 
sustained exercise of sufficient intensity might provide 
a way to increase AdipoR1 expression in skeletal 
muscle and thereby ameliorate reduced insulin 
sensitivity. Exercise training for 8 weeks resulted in 
significant decrease in the expression of AdipoR2 in 
liver. This decrease was explained by Kadowaki and 
Yamauchi (2005) as they reported that the increase in 
AdipoR1 expression in the liver in the exercised mice 
might compensate for the decreased expression of 
AdipoR2.  Another explanation was proposed by 
Wang et al. (2004) and Staiger et al. (2004) as they 
reported that AdipoR1, but not AdipoR2, is involved in 
glucose or lipid metabolism. Also our findings are 
demonstrated that there are no additional significant 
improvements with increase exercise duration after 8 
weeks. those were in agreement with Zhang et al. 
(2007), who reported that certain studies have not 
demonstrated additional benefits of increased exercise 
intensity or of training programs lasting significantly 
longer than the 12 weeks in humans on insulin 
resistance. 
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