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Abstract

Background: The use of deep fried oils (DFOs) to cook foods is associated with numerous diseases. Although the role of physical
activity and some supplements on fat lipolysis has been established, the effect of aerobic training (AT) and octopamine (Oct) on
octopamine receptor-dependent lipolysis pathway is not well understood.
Objectives: The present study aimed to investigate the effect of AT and Oct supplementation on the expression of Oct receptors in
the visceral adipose tissue of DFO-exposed rats.
Methods: In this experimental study, 30 male Wistar rats were divided into (1) healthy control (C), (2) DFO, (3) DFO + Oct, (4) DFO
+ AT, and (5) DFO + Oct + AT groups. Aerobic training was performed for four weeks, five sessions per week at an intensity of 16 - 26
m/min and equivalent to 50% - 65% VO2max, and Otc supplement was interperitoneally injected at 81µmol/kg five days a week.
Results: Aerobic training and Oct supplementation increased tyramin-R and hormone-sensitive lipase (HSL) (P ≤ 0.05), while Oct
significantly decreased G protein-coupled receptors (GPCR) (P ≤ 0.05). Also, the interaction of AT and Oct on GPCR reduction was
significant (P ≤ 0.05).
Conclusions: It seems that AT and Otc alone improve octopamine receptors and lipolysis markers in the visceral adipose tissue of
DFO-treated rats, but these two factors have no interactive effects on this pathway.
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1. Background

Due to lifestyle changes and business development,
the tendency to use fast foods has increased. Fast foods
are cooked in oils that are frequently fried at a temper-
ature of 150°C - 200°C (1). Frequent exposure to high
temperatures causes changes such as oxidation, hydrol-
ysis, and polymerization in foods cooked in deep fried
oils (DFOs), increase oxidative stress in the body and
cause high blood pressure, endothelial vascular dysfunc-
tion, impaired fat metabolism, obesity, chronic diseases,
obesity, atherosclerosis, heart ischemia, and diabetes (2).
Some hormones at the cell membrane level and G protein-
coupled receptors (GPCRs) with two alpha and beta sub-
units activate trace-amine associated receptors (TAARs), in-
cludingβ-phenylethylamine, octopamine (Oct), tyramine,
and volatile amines (3). Trace amine-associated receptors
activate G protein subunits and adenylyl cyclase phospho-
rylation and increase cyclic adenosine monophosphate

(cAMP), which in turn, leads to the phosphorylation of pro-
tein kinases A and C and activate element-binding protein
(CREB) and nucleus factor of activated T-cells (NFAT) (4, 5).

The prevalence of obesity and the harms of poor diet
have led researchers to seek low-risk, non-invasive meth-
ods, such as exercise, to prevent or treat their compli-
cations (6). Exercise activates adipose triglyceride lipase
(ATGL) and hormone-sensitive lipase (HSL) in adipose tis-
sues by activating the stimulating G protein subunit mech-
anism and cAMP-dependent protein kinase (PKA) phospho-
rylation (7, 8). However, there are limited studies on the
effect of physical activity on the GPCRs-dependent lipoly-
sis pathway. For example, ten weeks of endurance train-
ing improved insulin receptor levels, changed the size of
fat droplets in the abdominal adipose tissue, and increased
HSL, but had no significant effects on changing the na-
ture of fat droplets via the GPCRs-dependent pathway of
healthy men (8).

In a review study, it was stated that the activation of

Copyright © 2021, Gene, Cell and Tissue. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is
properly cited.

http://dx.doi.org/10.5812/gct.110290
https://crossmark.crossref.org/dialog/?doi=10.5812/gct.110290&domain=pdf
https://orcid.org/0000-0002-3502-7487


Uncorrected Proof

Vesali M et al.

the sympathetic system following physical activity acti-
vates beta-3 adrenergic receptors and GPCRs and phospho-
rylates HSL (9). In addition to physical activity, researchers
recommend the use of dietary supplements for better re-
sults (6). Among them, Oct is an endogenous amine and
the active ingredient of some plants, which has lipolysis
effects, improves metabolism, and reduces inflammatory
factors in adipose tissue by the mechanism of sympathetic
nervous system activation and beta-3 adrenergic receptor
and HSL phosphorylation (10, 11). In this regard, eight
weeks of Oct supplementation at 81 µmol/kg improves
the function of M1 and M2 macrophages in adipose tissue
(11) and reduces myocyte apoptosis (12) in rats exposed to
DFOs. Due to the simultaneous importance of nutrition
and physical activity, researchers have shown that Oct sup-
plementation and exercise can interactively reduce apop-
tosis in the heart tissue (12) and improve the activity of M1
and M2 macrophages in the visceral adipose tissue (11) of
rats exposed to DFOs.

2. Objectives

Despite the favorable results regarding the interactive
effect of physical activity and Oct supplementation, no
study was found to investigate the effect of these two in-
terventions on the GPCRs and TAARs-dependent lipolysis
pathway. Therefore, the present study aimed to investigate
the effect of eight weeks of AT and Oct supplementation on
the expression of Oct receptors in the visceral adipose tis-
sue of rats poisoned with DFOs.

3. Methods

3.1. Subjects

In this experimental trial, 30 male Wistar rats with a
mean age of 20 weeks and a weight of 325.00 ± 25.00
gr were prepared from the Histogen Research Center and
kept in the laboratory for one week for adaptation. The rats
were randomly divided into five groups of six, including (1)
healthy control; (2) deep-fried oil (DFO) poisoned control +
intraperitoneal injection normal saline (Sham); (3) DFO +
octopamine (Oct) supplement; (4) DFO + aerobic training
(AT); and (5) DFO + AT + Oct (AT + Oct).

The rats were kept in standard conditions in terms of
temperature (22°C to 24°C), 12-hour light and dark cycle,
relative humidity 55% to 60%, and free access to water and
food in polycarbonate cages with autoclave capability. It
is also noteworthy that all the principles of working with
laboratory animals in the present study were based on the
ethics committee of working with laboratory animals in
Histogen.

3.2. Preparation of DFO

In order to prepare fried oil, based on previous stud-
ies, 8 L of sunflower oil was used. The oil was fried for
8 h at a temperature of 190°C to 200°C for four consecu-
tive days, and according to sources, chicken nuggets, pota-
toes, chicken, and protein products (sausages and hot-
dogs) were immersed in the oil every 30 min. Finally, the
oil was stored on the fourth day for use as a poisoning in-
tervention until execution, and 10 mL/kg of the oil was gav-
aged for four weeks, five days per week (13).

3.3. Octopamine Consumption

Oct supplement was prepared from Sigma Aldrich
Company. Oct-receiving groups received 81 µmol/kg by in-
traperitoneal injection for four weeks and five days per
week. To prepare Oct for injection, it was dissolved in 9%
normal saline (13).

3.4. Aerobic Training Protocol

The training protocol was performed for four weeks at
a moderate intensity. According to studies, the training in-
tensity reached 50% of VO2max in the first week and reached
65% of VO2max in the last week. In order to adapt, the rats
performed one week of adaptation training at a speed of 9
m/min and duration of 20 min before the start of the main
training program.

According to previous studies, the training duration
was 20 min, and the intensity of training was 16 m/min on
the first day and reached 26 m/min on the last day. The rats
cooled for 5 min at a speed of 7 m/min and after the main
training for 5 min at a speed of 5 m/min (11).

3.5. Dissection and Sampling of Visceral Adipose Tissue

The rats were anesthetized with a combination of ke-
tamine (70 mg/kg) and xylazine (3 - 5 mg/kg) 48 hours after
the last training session and following 12 hours of fasting.
After complete anesthesia, the abdominal cavity was dis-
sected, and visceral fat was completely extracted; then, 3 g
of visceral adipose tissue was placed in special tissue stor-
age microtubes for sampling. The samples were immedi-
ately immersed in liquid nitrogen and then stored at -80°C
for use during measurement.

3.6. GPCR Assay by Western Blot

To measure GPCR levels by the western blot method,
equal amounts of protein were boiled for 5 to 10 min and
then run on polyacrylamide for 2 h to 3 h at 100 V. Fol-
lowing this step, the electrophoresis gel was prepared for
transfer. Then, nitrocellulose paper with device pads and
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sponges were sandwiched in the transfer buffer and elec-
trophoresed at 350 amps for 1 h. The nitrocellulose paper
was then washed using Tris-buffered saline (TBS) buffer for
5 to 10 min. Next, the nitrocellulose paper was again placed
at room temperature for one hour, immersed in TBS (or
blocking) buffer, and gently shaken, and the nitrocellulose
paper was washed again in TBS buffer several times.

In the next step, nitrocellulose paper was diluted with
secondary antibody (dilution of 1/3000 antibody) at room
temperature for 1 h to 2 h and incubated in TBS buffer.
The nitrocellulose paper was then washed again with TBS
buffer. In the next step, nitrocellulose paper appeared on
the photographic film in the dark room by the exposing
solution and stabilizer using ECL, and after the bands ap-
peared, the nitrocellulose paper was washed with distilled
water. The paper with the β-Actin antibody was placed on
the paper and re-incubated with the secondary antibody;
the controlβ-Actin also appeared on X-ray film, and the ob-
tained bands were analyzed by Image J.

3.7. Assessment of HSL by Immunohistochemistry

To measure HSL, 20 g of para formaldehyde (Germany,
Merck) was added to 500 cc of distilled water and placed on
a hot plate to reach a temperature of 60°C. NaOH was then
added to the solution to reach the pH of the solution to 7.2
to 7.4. Finally, a PBS tablet was placed in the solution. Then,
to prepare 2 N hydrochloric acid, 2 cc of 37.5% hydrochlo-
ric acid was added to 11 cc of distilled water. Also, to pre-
pare 10% goat serum and 0.3% Triton, 100 Landa goat serum
was added to 900 Landa PBS, and 10% goat serum was ob-
tained. Also, 3 Alenda Triton 100x was added to 997 Alenda
PBS, and 0.3% Triton was obtained. The samples were then
washed with PBS in four steps at 5-minute intervals. To re-
cover the antigen, 2 N hydrochloric acid was poured on the
samples for 30 minutes. Borate buffer was added to neu-
tralize the acid for 5 minutes. Cells were washed with PBS,
and then 0.3% Triton was used for 30 minutes to make cell
membranes permeable. They were washed with PBS, and
10% goat serum was added as an additional background
dye for 30 min to block the secondary antibody reaction.
The primary diluted antibody (1 in 100) with PBS was added
to the sample, and after creating a humid environment
to prevent tissue drying, it was placed in the refrigerator
overnight at 2°C to 8°C. On the next day, the tissue con-
tainer was removed from the refrigerator and then washed
four times with PBS, each time for 5 min. Secondary anti-
bodies were added to the sample at a dilution of 1 to 150
and then incubated in the dark at 37°C for 1 hour and 30
minutes in the incubator. The samples were then trans-
ferred from the incubator to the dark room, and after four

washes, DAPI was added to them. Then, immediately after
removal, PBS was poured on the samples. In the last step,
the samples were observed by an Olympus fluorescent mi-
croscope with a 400X lens to confirm the markers (Figure
1).

3.8. Assessment of TAARs and Tyramine-R Gene Expression Lev-
els

For molecular studies at the level of gene expression,
50 to 100 mg of visceral adipose tissue was placed in a ho-
mogenizer or a small mortar, and the samples were com-
pletely crushed. In the following, RNA was first extracted
from the adipose tissue according to the manufacturer’s
protocol (TRIzol®, manufactured by Qiagen Co., USA with
catalog number 79306). Then, using the light absorption
property at 260 nm and the following formula, the concen-
tration and purity of the RNA sample was quantitatively
obtained.

(1)C (µg/µL) = A260× × d/1000

After extracting RNA with very high purity and con-
centration from all the studied samples, cDNA synthesis
steps were performed according to the protocol of Rever-
tAid First Strand cDNA Synthesis made by Thermo Scientific
Co. USA, with catalog number K1622. Then, the synthesized
cDNA was used to perform the reverse transcription reac-
tion. First, the designed primers related to genes were ex-
amined, and then the expression of the genes was exam-
ined using quantitative q-RT PCR. The sequence of primers
used in the study is presented in Table 1.

Table 1. Primer Sequence of the Genes Evaluated in the Research

Genes Primer Sequences

GAPDH

Forward 5’-AAGTTCAACGGCACAGTCAAGG-3’

Reverse 5’-CATACTCAGCACCAGCATCACC-3’

Tyramin-R

Forward 5’-TGCCAAGAGGACAGGGGTTA-3’

Reverse 5’-GATAAGGACCACGACGGCAT-3’

TAAR1

Forward 5’-TCCATTCTCCACCTAGCCTTC-3’

Reverse 5’-TACTGCTCCTCAACTCCTTCT-3’

It is also noteworthy that the gene expression levels of
the research variables were assessed using the GAPDH ref-
erence gene. Then, the following formula was applied for
quantification based on determining the expression ratio
of the desired gene to the reference gene, which is based
on the difference yield in Ct.
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Figure 1. Visceral adipose tissue sample by Olympus Model fluorescent microscopy and 400X lens

(2)Ratio = 2−((∆CTcase)−(∆CTcontrol))

3.9. Statistical Model

The Shapiro-Wilk test was used to investigate the nor-
mal distribution of the findings. The results of indepen-
dent samples t-test were used to investigate the effect of
DFO on the levels of research variables. Also, two-way anal-
ysis of variance (ANOVA) was used to evaluate the main ef-
fect of training, the main effect of Oct supplementation,
and the interactive effect of training and Oct supplemen-
tation. Besides, Bonferroni’s post hoc test was run to eval-
uate the impact of each intervention. The findings of the
present study were analyzed in SPSS, version 22, and the sig-
nificance level was set at 0.05.

4. Results

The results of independent samples t-test showed that
GPCR protein levels in the control group were significantly
higher than those in the DFO group (P = 0.004; Figure 2),
but the gene expression levels of tyramin-R (P = 0.012; Fig-
ure 3) and TAAR1 (P = 0.001; Figure 4) and HSL concentra-
tion (P = 0.001; Figure 5) in the DFO group were signifi-
cantly lower than those in the control group.

The results of two-way ANOVA showed that training
did not have a significant effect on increasing GPCR lev-
els (P = 0.89), while octopamine decreased GPCR protein
levels (P = 0.001). Also, the interaction of training and
octopamine supplementation on the reduction of GPCR

in DFO-exposed rats was significant (P = 0.04; Figure 2).
Training (P = 0.001) and octopamine (P = 0.004) increased
tyramin-R gene expression level, but the interaction of
training and octopamine supplementation was not signif-
icant to increase tyramin-R gene expression in the adipose
tissue of DFO-exposed rats (P = 0.28; Figure 3).

The effects of training (P = 0.005) and octopamine sup-
plementation (P = 0.005) on increasing TAAR1 gene expres-
sion were not significant, also the interaction of training
and octopamine supplementation was not significant to
increase TAAR1 gene expression in the adipose tissue of
DFO-exposed rats (P = 0.75; Figure 4).

The effects of training (P = 0.001) and octopamine sup-
plementation (P = 0.001) on increasing HSL were signif-
icant, while the interaction of training and octopamine
supplementation was not significant to increase HSL (P =
0.77; Figure 5).

The evaluation of HSL protein concentration in visceral
adipose tissue in the research groups. In this figure, the
green light indicates the concentration of HSL. As can be
seen, the highest concentration is observed in the control
group and the lowest in the deep fried oil group. HSL con-
centration also increases in the AT + Oct and AT groups. In
addition, although the HSL concentration is higher in the
Oct group than the DFO group, the increase in HSL concen-
tration is more dependent on training.
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Figure 2. Results of two-way analysis of variance (ANOVA) in GPCR Protein levels. **, (P≥ 0.01) indicates an increase in the deep fried oil group compared to the control group;
#, (P ≥ 0.05); and ##, (P ≥ 0.01) indicate a decrease in the AT + Oct and Oct groups compared to the deep fried oil group.

5. Discussion

The results of the present study showed that aerobic
training amplified the gene expression level of tyramin-R
and the protein level of HSL in the visceral adipose tissue of
DFO-poisoned rats. It seems that the sympathetic nervous
system and the increase in catecholamines following phys-
ical activity are the main factors of lipolysis of white adi-
pose tissue and thermogenesis by the mechanism of bind-
ing to β-adrenergic receptors. Increased adrenaline acti-
vates theβ-3-adrenergic-receptor and binds them to the re-
ceptor activate Gs, which leads to an increase in cAMP as
a secondary messenger. Metabolic proteins are then acti-
vated by PKA activation; also, physical activity by increas-
ing the expression of atrial natriuretic peptide (ANP) re-
ceptor A leads to an increase in guanine cyclase, cGMP, and
protein kinase G, which directly leads to the phosphoryla-
tion of HSL or can participate in facilitating the function of
HSL on fat droplets by deforming perilipin (14). In addition,
TAAR1 is a receptor bound to the Gαs protein and is sensi-
tive to the receptors of tyramine, octopamine, most neu-
ropeptides, and ANPs and activates the release and modi-

fication of calcium pathway and HSL phosphorylation in
adipose tissue during exercise through the cGMP mecha-
nism (15, 16).

Regarding the effect of physical activity on adipose tis-
sue lipolysis, it is shown that eight weeks of endurance
training for 40 minutes a day at an intensity of 70% to 90%
of VO2max with an ergometer bike improved insulin resis-
tance in adipose tissue and increased insulin receptor, hex-
okinase II, in obese adipose tissue of young men. How-
ever, it had no significant effect on changes in fat droplets
and GPCRs in adipose tissue (8). In another study, re-
searchers showed that eight weeks, five sessions per week
and each session 60 minutes, of exercise at 60% of maxi-
mum speed reduced p-AKT/t-AKT ratio but increased ATGL
and uncoupling protein 1 (UCP-1) in the adipose tissue of
rats poisoned with cafeteria diet (17); also, eight weeks
of endurance training induced intramuscular triglyceride
and increased oxidation capacity, ATGL, perilipin 3 and 5,
and HSL, while having no significant effect on G protein
levels in obese subjects (18). Research has shown that the
study of lipolysis-related pathways associated with GPCRs
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Figure 3. Results of two-way analysis of variance on tyramin-R gene expression levels. *, (P ≥ 0.05) indicates a decrease in the deep fried oil group compared to the control
group; ##, (P ≥ 0.01); ###, (P ≥ 0.001), indicates an increase in Oct and AT groups compared to the deep fried oil group.

and TAARs is a new topic, but there is a scarcity of studies
addressing this mechanism and the effect of exercise on it.
However, the intensity of training, duration of the train-
ing, type of training, and the method of measuring vari-
ables are factors affecting the research results.

The results showed that Oct consumption decreased
GPCR protein level and increased tyramine-R and HSL ex-
pression in the adipose tissue of DFO-poisoned rats. The
adrenergic receptor most sensitive to Oct is the type 3
beta receptor, which has an inhibitory effect on beta 2
and alpha 1 receptors and increases lipolysis by activat-
ing cAMP. Oct has a similar function to neurotransmit-
ters such as epinephrine, norepinephrine, and tyramine,
which help the body in muscle contraction and carboxy-
late metabolism. GPCRs, also known as TAARs, have signif-
icant impacts on mammalian biogenetics; p-octopamine,
tyramine, tryptamine, and b-phenylethylamine by bind-
ing to the active G protein, cAMP, which leads to HSL and
perilipin phosphorylation and increased lipolysis (10, 19).

While the lipolysis effects of Oct are dose-dependent,
regarding the effect of Oct on lipolysis pathways and fat
mass reduction, a review study showed that although p-

Octopamine has less tendency to bind to α-1, α-2, β-1, and
β-2 adrenergic, it strongly tends to bind to β-3, and with
its dependent pathways, it can activate lipolysis in adi-
pose tissue (20). Also, 1 mmol of Oct increased β-3 adren-
ergic expression and improved glucose transporter and
monoamine oxidase oxidation in rats (21). In another
study, researchers exhibited that Oct increased endoge-
nous levels of epinephrine and norepinephrine and in-
duced lipolysis (20). In one study, Oct and tyramine con-
sumption improved fat metabolism (22). Therefore, it
seems that dose-dependent octopamine can improve lipol-
ysis in rats exposed to DFO. Therefore, the lack of effect of
Oct on TAAR1 can be attributed to the dose.

The results of the present study revealed that AT and
Oct consumption had an interactive effect in reducing
GPCR and increasing the expressions of tyramin-R, TAAR1,
and HSL in adipose tissue of DFO-poisoned rats. Exercise
increases HSL activity by increasing catecholamines, phos-
phorylation of lipolysis proteins, and promoting active G
and cAMP. Physical activity also leads to HSL phosphoryla-
tion by increasing the expression of ANP, guanine cyclase,
cGMP, and protein kinase G (14). Atrial natriuretic peptide
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Figure 4. Results of two-way analysis of variance on TAAR1 gene expression levels. ***, (P ≥ 0.001) indicates a decrease in the deep fried oil group compared to the control
group; ##, (P ≥ 0.01) indicates an increase in the Oct and AT groups compared to the deep fried oil group.

also activates cGMP, releases and modulates calcium, and
increases HSL in adipose tissue (15, 16). Oct supplementa-
tion also enhances cAMP by rising the expression of β-3
adrenergic. In addition, Oct, like catecholamines and neu-
rotransmitters, helps the body by binding to GPCRs, phos-
phorylation of HSL, increasing lipolysis, and biological ac-
tivity (10, 19).

According to former studies, these two interventions
seem to have similar pathways, but cannot activate this
pathway interactively. In this regard, the simultaneous use
of Oct and exercise at an intensity of 55% of maximum
power caused oxidation and improved performance of ath-
letes, but it had no significant impact on increasing lipol-
ysis hormones in men (23). Also, aerobic training and Oct
supplementation had no interactive effects on reducing in-
flammatory factors in the heart tissue of rats exposed to
DFO (24).

According to the results of previous studies, it seems
that the duration of physical activity, dose of Oct, and basic
metabolic disorders are the factors affecting the results of
aerobic training and Oct.

Due to the role of beta-adrenergic pathways in both
interventions, lack of measurement of beta-adrenergic re-
ceptors is one of the limitations of the present study. There-
fore, future studies are suggested to evaluate these mech-
anisms. Also, considering the effect of both interventions
on some lipolysis markers, it seems that the study of per-
ilipin levels and microscopic image of fat cells in future
studies is necessary.

5.1. Conclusions

Aerobic training and Oct supplementation appear to
improve Oct receptors and lipolysis markers in the visceral
adipose tissue of DFO-treated rats, but these two factors do
not have an interactive effect on this pathway.
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Figure 5. Results of two-way analysis of variance for concentration percentage of HSL protein expression. ***, (P ≥ 0.001) indicates a decrease in the deep fried oil group
compared to the control group; ###, (P ≥ 0.001) indicates an increase in the Oct and AT groups compared to the deep fried oil group.
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