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Introduction
Obesity is a major public health concern, 
with social and economic implications, 
which are associated with increased 
mortality and morbidity.[1] It has been shown 
that subcutaneous adipose tissue (SAT) 
transplantation from exercise subjects to 
untrained obese rats improves glucose 
homeostasis and insulin sensitivity and 
reduces the risk of metabolic diseases and 
improves blood lipid profile.[2] However, in 
these years more attention has been paid 
to the role of muscle contraction and their 
myokines secreted during exercise. It is 
believed that there is another type of fat cell 
in the white adipose tissue (WAT) that causes 
these effects.[2] These cells, which called 
“beige,” have thermogenic properties close 
to brown adipose tissue (BAT) and emerge 
from WAT after birth and many factors are 
involved in regulation, differentiation, and 
proliferation of their thermogenic properties.[3]
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Abstract
Background: Subcutaneous adipose tissue (SAT) relative to the other adipose tissues may have 
different roles in health and insulin resistance. The purpose of this study was to investigate the 
effectiveness of aerobic exercise on SAT thermogenesis indices, serum orexin‑A (OXA), and insulin 
resistance in high‑fat diet‑induced obesity male Wistar rats. Methods: Thirty‑two male Wistar rats with 
an average weight of 180–200 g were randomly assigned into 4 equal groups: normal fat diet (NFD), 
high‑fat diet obesity (HFDO), normal fat diet after high‑fat diet obesity (HFDO‑NFD), and aerobic 
exercise group with normal fat diet after high‑fat diet obesity (HFDO‑AEX). Fasting levels of serum 
OXA, insulin, FBS, high‑density lipoproteins, low‑density lipoproteins, cholesterol and gene expression 
of peroxisome proliferator‑activated receptor gamma coactivator 1‑alpha (PGC‑1α) and UCP1 in SAT 
were evaluated. Samples were taken in the HFDO group after obesity‑induced and in other groups 48 
h after 8 weeks of aerobic exercise. Results: The results showed that HFD significantly decreased 
serum levels of OXA, HDL‑c and gene expression of PGC1α and UCP1 in SAT. In addition, it caused 
a significant increase in Lee index, FBS, insulin resistance, and serum lipid profile in comparison 
with the NFD group (P ≤ 0.001). Aerobic exercise significantly modified the changes caused by HFD 
to the normal levels (P ≤ 0.001). Conclusions: These data suggest that aerobic exercise caused an 
improvement in insulin resistance and blood lipid profiles through an increase in the serum level of 
OXA and alteration in the SAT phenotype from white to brown or beige.
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It is well described that uncoupling protein 
1 (UCP1) as a specific mitochondrial 
protein in brown and beige adipocytes 
converts chemical energy into heat without 
ATP production in the mitochondrial 
electron transport chain. In this regard, 
peroxisome proliferator‑activated 
receptor gamma coactivator 1‑alpha 
(PGC‑1α) as an activator of peroxisome 
proliferator‑activated receptor gamma 
is an important factor in mitochondrial 
biogenesis and plays an important role 
in increasing the thermogenic activity of 
adipocytes, and PGC‑1α also stimulates 
the expression of UCP1 and other 
thermogenic compounds.[3,4] In addition, 
it was shown very recently that one of 
the most important factors influencing the 
thermogenic properties of adipose tissues 
is the orexin (hypocretin) hormones.[5] 
Orexin is a peptide produced in neurons 
of the peripheral, lateral, and posterior 
hypothalamus.[5‑7] Due to the widespread 
distribution of orexin neurons in the 
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central nervous system and the presence of large protein 
G receptors in various tissues, and relatively long half‑life 
of this neuropeptide, it is involved in many physiological 
functions.[6,8] It has been shown that there is a specific 
axonal neural network between the central nervous system 
and the adipose tissue, which suggests the sympathetic 
regulation of adipose tissues by orexin neurons.[5,7] 
Moreover, the rapid release of OXA from the blood‑brain 
barrier is an additional effect of this hormone, which 
influences various tissues.[9] Evidence suggests that obesity 
reduces the amount of OXA by various mechanisms.[5,6] 
Following obesity, hyperglycemia and decreased insulin 
sensitivity of the neurons in the lateral hypothalamus 
area (LHA) caused reduced expression of pre‑pro orexin 
gene.[6,10] On the other hand, it seems that aerobic exercise 
with an effect on the orexin system increases the neuronal 
excitation of these neurons in the LHA and, as described 
above, can lead to altered thermogenic properties of 
the SAT. It is also worth noting that most studies about 
orexin system have almost focused on the effects of 
this neurohormone on appetite, depression, addiction, 
and insomnia, and studies about the effectiveness of 
exercise on the orexin system and its possible changes in 
thermogenic indices such as PGC‑1α and UCP1, especially 
in SAT are few. Therefore, considering the wide extent 
of the SAT in the body and its potential role in insulin 
resistance, as well as the effect of exercise on the orexin 
system, and the possible change in the SAT phenotype, the 
aim of this study was to investigate the effectiveness of 
8‑week aerobic exercise on SAT thermogenesis indices, 
serum OXA, and insulin resistance in high‑fat diet‑induced 
obesity male Wistar rats.

Methods
Thirty‑two male Wistar rats weighing 190–200 g 
were randomly divided into four groups (n = 8). 
Group 1: Normal fat diet (NFD), Group 2: High‑fat diet 
obesity (HFDO), Group 3: Normal fat diet after high‑fat diet 
obesity (HFDO‑NFD), and Group 4: Aerobic exercise with 
normal fat diet after high‑fat diet obesity (HFDO‑AEX). 
This study was carried out in accordance with the ethical 
codes of working with laboratory animals (in accordance 
with the Helsinki declaration), under IR.UI.REC.1396.010 
code of ethics from the University of Isfahan. Rats were 
purchased from the Royan Institute of Isfahan and were 
housed in a facility at 21 to 24°C with 50% humidity, 
under 12/12 h light/dark cycle (7 am to 19 pm) with free 
access to water and food.

High‑fat diet‑induced obesity and normal fat diet

After acclimatization, in order to induce obesity, HFD 
containing 60% of calorie intake of fat‑tailed sheep, 20% 
carbohydrates, and 20% protein was used for 8 weeks. The 
diet then changed to a standard normal diet (NFD) until the 
end of the study.[11] Both of these products were purchased 
from the Royan Institute of Isfahan.

Assessment of body composition

Lee index was calculated as an indicator of body 
composition using the following formula.[12]

Lee Index = [weight (gr)0.33 ÷ nasoanal length (mm)] × 103

Exercise protocol

The rats were habituated with the treadmill apparatus to 
minimize the novelty stress (15 min a day and 20 m/min 
for 3 days). The aerobic exercise protocol was 5 days a 
week for 8 weeks. Exercise intensity set based on 60% of 
the average maximum training capacity followed by a 5‑min 
warm‑up period with 30% of the average maximum training 
capacity for 60 min or until animals reached fatigue. 
Maximum training capacity assessment was carried out 
for all rats in the HFDO‑AEX group. The animals run on 
the treadmill as a warm‑up at 6 m/min for 5 min and then 
speed of treadmill increased 3 m/min every 3 min until 
the point of exhaustion (failure of rats to continue running 
after 3 electrical stimuli).[13] Maximum speed was recorded 
as maximum exercise capability (100%) for each animal. 
All procedures occurred between 9:30 to 11 Am on a 5‑line 
treadmill for the rodent. Animals in non‑exercised (sedentary) 
groups were left on the treadmill for 5 min without running.

Sampling

In HFDO group, samples were taken after obesity‑induced 
and in other groups 48 h after 8 weeks of aerobic exercise. 
Blood samples were carried out by anesthetizing with ether 
directly from the heart of animals. For serum isolation, 
5 cc of blood was collected in tubes containing CLOT 
gel and were centrifuged for 5 min at 1200 × g in room 
temperature and stored at −80°C for future analysis. SAT 
samples were taken from inguinal adipose tissue.

RNA extraction and gene expression (Real‑Time PCR)

RNA isolation from EAT homogenized samples was 
performed using an RNA extraction kit (EZ‑10 spin column 
total RNA mini preps super kit, by BIO BASIC INC, 
Canada.) The cDNA synthesis was performed using the 
Japanese‑made TaKaRa cDNA synthesis kits (PrimeScript ™ 
RT reagent kit Cat. #RR037A). All procedures were carried 
out according to the manufacturer’s protocol, in a PCR 
CG1‑96 by Corbett Corporation in Australia. Measurement 
of the relative expressions of PGC‑1α, UCP1, and GAPDH 
(as housekeeping gene) was performed using Real‑Time 
PCR BIO‑RAD CFX96 and the designed specific primers 
are shown in Table 1. The relative mRNA expression was 
calculated according to the comparative cycle threshold (Ct) 
method, using ∆CT values.

RT‑PCR mix for PGC‑1α was the following: 2 µl of 
cDNA, 1 µl of each primer (1 µM final concentration), 
10 µl Ampliqon Real Q plus Master Mix Green‑high Rox, 
and 6 µl RNase Free dH2O for a final volume of 20 µl. 
The RT‑PCR protocol was 15 s at 95°C, 30 s at 55°C, and 
40 s at 72°C for 40 cycles.
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RT‑PCR mix for UCP1 was composed as follows: 1 µl of 
cDNA, 1 µl of each primer (1 µM final concentration), 
13‑µl Ampliqon Real Q plus Master Mix Green‑high Rox, 
and 10‑µl RNase Free dH2O for a final volume of 26 µl. 
The RT‑PCR protocol was 10 s at 95°C and 40 s at 60°C 
for 40 cycles.

RT‑PCR mix for GAPDH was composed as follows: 2 µl 
of cDNA, 1 µl of each primer (1 µM final concentration), 
10‑µl Ampliqon Real Q plus Master Mix Green‑high Rox, 
and 6‑µl RNase Free dH2O for a final volume of 20 µl. 
In the RT‑PCR protocol the binding temperature for the 
primer to the target sequence was 55° for PGC‑1α and 60° 
for UCP.

Serum analysis

Serum concentrations of triglyceride (TG), high‑
density lipoproteins, low‑density lipoproteins, and total 
cholesterol levels were measured using ELISA kits 
(Pishtaz Teb Zaman Diagnostic). Serum OXA, insulin, and 
fasting blood sugar were measured according to the protocol 
of the Rat OXA ELISA Kit (Kit. CSB‑E08860), Rat Insulin 
ELISA Kit (CSB‑E05070r), and Rat Glucose‑6‑phosphate 
ELISA kit (CSB‑EL009118RA), respectively. Insulin 
resistance was calculated by HOMA‑IR equation.[14]

Statistical analysis

The normality of data and homogeneity of variances were 
checked by Shapiro–Wilk’s and Levene’s tests. A one‑way 
ANOVA with Tukey post hoc test and Pearson correlation 
coefficient statistics were used for the statistical analysis of 
the data. All statistical calculations were performed using 
Excel version 2016 and SPSS version 24 software, and the 
significance level was set at α < 0.05.

Results
As shown in Figures 1 and 2, there were significant 
differences between the baseline values of FBS [Figure 2b], 
insulin resistance [Figure 2c], Lei index [Figure 1a] serum 
lipid profile contained, total cholesterol [Figure 1e], 
LDL [Figure 1d], TG [Figure 1b], Cho/HDL [Figure 1f], 
LDL/HDL [Figure 1g], and HDL [Figure 1c] following 
HFD compared to NFD protocols (P < 0.001). Serum OXA 
levels after HFD also decreased significantly compared to 
the NFD group [Figure 2a] (P < 0.001). After 8 weeks of 
aerobic exercise, these values significantly modified to the 
baseline in the HFDO‑AEX group (In all cases P = 0.001 
except in HDL, P = 0.031). These values did not change 
significantly in the HFDO‑NFD group after the normal 
diet.

There were also significant differences between 
relative gene expression of PGC‑1α and UCP1 in 
SAT following high‑fat diet‑induced obesity in HFDO 
group (P < 0.001). However, aerobic exercise in the 
HFDO‑AEX group significantly increased the relative 
gene expression values of both PGC‑1α and UCP1 genes 
[Figure 3a and b] (P < 0.001).

A significant and reversed correlation was observed 
between the OXA and the level of Lee index [Figure 4c] 
and HOMA‑IR [Figure 4b]. Moreover, the correlation 
between serum OXA and relative gene expression (∆CT) of 
desired genes was significant [Figure 4a].

Discussion
The main findings of the present study were that following 
high‑fat diet‑induced obesity, 8‑week aerobic exercise 
intervention through an increase in the serum level of OXA 
and alteration in the SAT relative gene expression of PGC‑1α 
and UCP1 caused an improvement in insulin resistance and 
blood lipid profile. As shown in Figures 1 and 2, HFD period 
caused a significant increase in Lee index (23.9%), insulin 
resistance (56.78%), TG (65.78%), LDL (46.47%), and 
total cholesterol (48.67%). It is believed that concomitant 
with obesity, several inflammatory pathways are induced 
in adipose tissue leading to increased health risks and 
being linked to various metabolic disorders,[15] and it is 
well established that adipose tissue as an endocrine organ 
has wide‑reaching effects on other organs, such as brain, 
and plays a major regulatory role in energy balance and 
glucose homeostasis.[15] Concomitant with obesity, excess 
insulin secretion promotes differentiation of preadipocytes 
to adipocytes and reduces triglyceride breakdown by 
preventing lipolysis,[16] furthermore in hepatocytes, insulin 
by stimulating the uptake of lipoprotein‑derived fatty acids 
and glucose promotes lipogenesis.[16]

Consistent with the findings of the present study, a significant 
increase in blood glucose and insulin resistance after 3 and 
8 weeks of high‑fat diets containing 45% and 60% fat has 
also been reported.[17] However, some studies have reported 
inconsistent results,[18] and it seems that the reason for the 
discrepancy of insulin response may be related to the ratio 
of saturated and unsaturated fatty acids used in the diets and 
their role in glucose‑dependent insulin secretion.

In addition, in this study, after HFD period, the 
relative expression of PGC‑1α and UCP1 decreased 
(81.01 and 81.75%, respectively) and lee index increased 
significantly. Researchers believe that excessive calorie 
intake is one of the powerful contributing factors in 

Table 1: Primer sequences for real time PCR
Gene Primer F Primer R
UCP 1 5′‑GTACCCAGCTGTGCAATGAC‑3′ 5′‑GATGACGTTCCAGGATCCGA‑3′
PGC‑ 1α 5′‑CGGGATGGCAACTTCAGTAAT‑3 5′‑AAGAGCAAGAAGGCGACACA‑3′
GAPDH 5′‑ TGCTGGTGCTGAGTATGTCGTG‑3′ (F) 5′‑ TGCTGACAATCTTGAGGGAGTTG‑3′ (R)
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differentiating preadipocytes into white adipocytes, and 
alterations in adipose tissue phenotypes are procedures to 
save and store extra calories.[4]

We have also found that HFD period caused a 
significant decrease in OXA levels compared to the NFD 
group (15.8%, [Figure 2a]). A previous report suggested 
that substantial weight gain may suppress the expression 
of the prepro‑orexin in the LHA,[19] and also changes in 
blood glucose are negatively correlated with the expression 
of the gene encoding pre‑pro‑orexin in the hypothalamus 
of mice.[20] Another issue is that obesity by affecting 
cannabinoid receptors in the LHA can suppress orexinergic 
neurons and reduce the levels of OXA secretion.[21] On 
the other hand, the orexin system and obesity status are 
also affected by the exercise.[6,22,23] In this study, consistent 
with the previous findings,[11,24] after the end of the training 

period in the HFDO‑AEX group, values were significantly 
modified [Figures 1 and 2]. It seems that aerobic exercise 
with effect on irisin,[25] lactate,[26] heart’s natriuretic 
peptides,[4] Cannabinoid receptors,[21] CO2,

[27] and glucose 
hemostasis[28] has been affecting the secretion of OXA in the 
central nervous system. One plausible explanation for this 
findings is that aerobic exercises are the most potent factors 
contributing to the improvement of serum OXA,[23] in 
addition OXA through an Orexin receptor 1/cAMP signaling 
pathway potentiates glucose‑stimulated insulin secretion and 
decreased the amount of circulating glucose.[29]

On the other hand, orexin can affect insulin resistance 
by an alteration in the SAT phenotype.[30] Suggested 
that, the stimulation of beta‑adrenergic receptors through 
the sympathetic stimulation increases the expression of 
PGC‑1α, UCP1, and thermogenesis in SAT.[4,7] In the 

Figure  1: Some variables alterations  in different groups. Lee  index  (a),  predictive  cardiovascular disease  risk  factors; TG  (b), HDL‑c  (c),  LDL‑c  (d), 
cholesterol (e), CHO/HDL (f), and LDL/HDL (g). (NFD): Normal fat diet, (HFDO): High‑fat diet obesity, (HFDO‑NFD): Normal fat diet after high‑fat diet obesity, 
and (HFDO‑AEX): Aerobic exercise group with normal fat diet after high‑fat diet obesity
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current study, after the aerobic exercise period, relative 
gene expression of the thermogenic indices increased 
significantly [Figure 3]. This finding confirmed the direct 
and significant correlation between serum OXA and 
relative gene expression of the SAT thermogenic indices 
PGC‑1α and UCP1 [Figure 4a]. In this regard, contrary 
to the findings of this study, it has been reported that the 
injection of OXA in PVH had no effect on the expression 
of the UCP1 gene,[31] while in a previous study, it was 
suggested that a 12‑week aerobic training in young subjects 
increased the amount of UCP1 mRNA in the SAT.[2]

Some studies have shown that the elevation of UCP1 
gene expression in response to some stimuli such as 
neurohormones can improve the hydrolysis of the 
triglycerides stored in the lipid droplets and can decrease 
the obesity and various metabolic risk factors.[32] In our 
study, after 8 weeks of aerobic exercise, the values of 
the blood lipids profile were improved and circulating 
triglycerides (96.4%), LDL (54.6%), and total 
cholesterol (38.5%) were decreased significantly [Figure 1]. 
Although there are various mechanisms through which 
adipose tissue can contribute to changes in insulin 

Figure 2: Alteration of serum orexin‑A (a), fasting blood sugar, FBS (b), insulin (c), insulin resistance, HOMA‑IR (d). (NFD): Normal fat diet, (HFDO): High‑fat 
diet obesity, (HFDO‑NFD): Normal fat diet after high‑fat diet obesity, and (HFDO‑AEX): Aerobic exercise group with normal fat diet after high‑fat diet obesity

dcba

Figure 3: Relative changes of PGC‑1α (a) and UCP1 (b) in subcutaneous adipose tissue. (NFD): Normal fat diet, (HFDO): High‑fat diet obesity, (HFDO‑NFD): 
Normal fat diet after high‑fat diet obesity, and (HFDO‑AEX): Aerobic exercise group with normal fat diet after high‑fat diet obesity

ba
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sensitivity,[33] Tsuneki et al. demonstrated a novel role for 
orexin in hypothalamic insulin signaling, which is likely to 
be responsible for preventing the development of peripheral 
insulin resistance with age.[20] Similarly, we found that a 
period of aerobic exercise caused significant decrease in 
insulin (4.8%), FBS (44.6%), and HOMA‑IR (63.21%). 
Also it should be taken into account that during 
exercise the vast peripheral vasodilation and central 
vasoconstriction (mechanisms for heat loss) causes the 
transfer of more blood from muscles to SAT.[34] This excess 
blood flow and associated endocrine factors such as OXA, 
catecholamine, and other circulating factors may affect SAT 
more than other adipose tissues depots. Therefore, this could 
be likely one of the reasons for the greater link between 
SAT and metabolic processes following physical activity.

Conclusions
In conclusion, according to above findings, it can be suggested 
that aerobic exercise and its potential impact on the orexin 
neurons might be one of the practical ways to induce alterations 
in adipose tissue phenotype from white to brown or beige. 
Therefore, our recommendation is to focus on increasing the 
thermogenic capacity of SAT, following aerobic exercise with 
different volume and intensities to reduce insulin resistance and 
metabolic disorders in obese patients, in future studies.
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