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Objectives. ATP-binding cassette transporters transfer a variety of substrates across the lipid

bilayers in an energy-dependent manner. ABCAL1 is a member of this family, which plays a cru-
cial role in plasma HDL-C metabolism. On the other hand, the short-term effects of exercise
training are less studied. The aim of this study was the effects of a single bout of exercise on liver
ABCA1 gene expression in the male Wistar rats. Methods. Twenty four male Wistar rats were
housed in a standard environment and randomly divided into two Control (n = 12) and Experi-
mental (n = 12) groups. The exercise included running on a treadmill for 120 min (18 m/min).
Immediately, 2 and 24 hours after exercise, rats were anesthetized, and samples were taken from
the adipose tissue and liver. Liver ABCA1 was assessed by RT-PCR. Results. The results
showed that liver ABCA1 gene expression had significant elevation immediately, 2 and 24 hours
after exercise (p < 0.05). Conclusion. The findings of this study proved that acute exercise can
increase liver ABCA1 gene expression.
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INTRODUCTION

Cardiovascular diseases are the leading
cause of mortality throughout the world and have
gained the first rank among chronic diseases (di-
sease burden in the world). In Iran, after mental
illness, most statistics are related to cardiovascu-
lar disease [12]. Blood lipid profile is one of the
health markers and especially of cardiovascular
system health. So, high level of cholesterol, LDL,
triglyceride, and low level of HDL is associated
with increased CVD risk factors [19, 20]. Many
efforts have been made to identify the protective
mechanisms of HDL in cardiovascular complica-
tions [9]. It has been proposed that reverse cho-
lesterol transport is a possible mechanism. It in-
cludes the process of collecting excess choles-
terol from peripheral tissues such as arteries
macrophages and returning them to the liver,
which accompanies with HDL deformation [18].
The first phase of reverse cholesterol transport is
related to extracellular receptors, namely Apo A-I
that mediated by ABCAL transporter and cause to
form the pre-beta HDL particles. ABCA1 is ex-
pressed in different tissues, but its role in these

tissues is uncertain. Given that the liver is the
major source of HDL [16], the study of ABCA1 in
this tissue can provide valuable information [2].
Various factors can affect ABCA1 gene ex-
pression, and one of them is physical activities
and exercise. Also, many studies have surveyed
the effect of various exercise training on the
HDL, and an increased rate and composition of
HDL have been confirmed [3]. However, few
studies have been conducted on other stages of
reverse cholesterol transport. For example, only
one study has been reported an increased removal
of cholesterol from cells in trained individuals [1].
Another study has reported an increase in apoli-
poprotein A-I as a result of exercise. The training
protocol was not performed, and participants
were classified into training and without training
groups via a questionnaire [13]. Few studies have
been conducted on ABCA1. One study showed
that 12-week aerobic training resulted in the upre-
gulation of ABCAL in rat intestine [11]. The other
study concluded that Treadmill exercise training
enhanced ABCA1 gene expression in rat liver [5].
Also, it has been demonstrated that a 6-week
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endurance training overexpressed liver ABCALI
in rats [10] and showed that a single session of
circuit-resistance exercise affected human peri-
pheral blood lymphocyte ABCA1 expression in
female students [6]. The other study surveyed
the effect of a high-intensity treadmill running
program on rat heart tissue ABCA1 and PPAR-a
genes expression [4].

It is clear from the review studies that de-
spite the importance of the process of reverse
cholesterol transport and the role of ABCALI in
the prevention of cardiovascular disease, little
training study has been conducted in this area,
especially with the short-term and single-session
protocol. So, the present study investigates
the effect of a single bout of exercise on liver
ABCAL1 in the rat.

MATERIAL AND METHODS

Animals. Twenty four male Wistar rats
(weight 338 = 31 g) were acquired from Pasteur's
Institute (Tehran, Iran). They were kept in stan-
dard conditions (temperature: 22 + 2 °C, light-
dark cycle: 12:12 h, relative humidity: 50% and
access to water and food). After a week of fami-
liarity to a Lab space and manipulations by the
researcher, the rats were randomly divided into
the experiment (n = 12) and control (n = 12)
groups with the same weight. The ethics commit-
tee of Urmia University approved the study
(UMSU.REC.IR.1394.451).

Exercise Protocol. The training involved
running exercise on a rodent treadmill. After a few
training sessions to make rats familiar with the lab
and observe the overload principle, we conducted
an experiment where the rats ran on a treadmill at
18 m/min for 120 minutes. The control group
also walked on a treadmill at 8 m/min for 10 min,
three times during two weeks of familiarity.

Blood and Tissue Sampling. Food was re-
moved from cages 4 h before training to take the
blood samples in a relatively fasting mode. Im-
mediately, 2 and 24 hours after the last training
session, 8 rats (4 experimental and 4 control)
were anesthetized with intraperitoneal adminis-
tration of pentobarbital sodium (6 mg/100g body
weight) and sampling of blood, the adipose tissue
and liver were collected. Blood sampling was
done by perforating heart and syringe. The adi-
pose tissue and liver were excised, transported to
RNAase free and DNAase microtubes and frozen
in liquid nitrogen. Blood samples were centri-
fuged in EDTA contained falcon tubes and stored
at —80 °C together with tissue samples.

Liver ABCA1 Gene Expression. Semi-
quantitative RT-PCR was done for ABCAI1 gene
expression in the Liver tissue. For this purpose,
20 mg of tissues were separated and served for
RNA extraction reaction. RNA refining was done
using a kit of MN firm (Germany). Firstly, tis-
sues were autolyzed by adding 350 ul RA1 and
3/5 ul mercaptan solution. Then, this solution
with bufferlyse was added to a column (containing
red ring) and centrifuged at 11000 cycles for
a minute. The solution passed from the column
was collected in a microtube. Then the condition
for pasting RNA became suitable by adding
350 microlitres 70% alcohol, and, in this phase,
the composition was mixed with a pipet. Above
homogenized solution was added to a refined
RNA column (blue ring) and centrifuged at
11000 cycles for 30 seconds. Then, 350 pl
of MDB buffer were added and centrifuged at
11000 cycles for a minute. Using 95 ul of DNase
solution and 15-minute incubation, DNAs ac-
companied by RNA, which linked to membrane,
was removed. After, 200 ul of RA2 solution and
following 600 pl of RA3 were added to the column
and centrifuged at 11000 cycles for 30 seconds.
In the next phase, 250 pl of RA3 were added and
centrifuged at 11000 cycles for 2 minutes. 60 ul
of RNase free water were added to the column
and centrifuged at 11000 cycles for a minute and
stored at =70 °C. The quantitative rate of RNA
extraction with its Optical density (OD) at 260 nm
was determined in biophotometer. To make
cDNA in a tube without RNase, 100-400 ng total
RNA and 0/5 pg oligo primer dT were added to it.
The last volume reaches 11 pl by aqua pure
without RNase. The collection was incubated at
70 °C for 5 minutes and then was cooled imme-
diately on ice. (5X)RT buffer 4 ul, dNTP mix
(10mM) 2 ul, and (RNasin) Ribonuclease inhibi-
tor 20 unit were added and reached to the last
volume of 19 ul by aqua pure without RNase and
incubated for 5 minutes at 37 °C. Then 200 units
of reverse transcriptase enzyme (M-Mul-V)
were added and incubated for an hour at 42 °C.
In the next phase, it was exposed to 70 °C for
10 minutes which inactivated the enzyme. Then
immediately transported to the ice pot. A cDNA
product was stored at —70 °C. Using the above-
prepared cDNA sample, PCR was conducted ac-
cording to the following protocol. In this process,
beta-actin was used as an intrinsic control, and
a PCR reaction was conducted with beta-actin
primers for every sample.
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FORWARD PRIMER:
TGACACCAAAACCCTCATCA

REVERSE PRIMER:
AGCCCGGGAATGAAGTCCA

Beta actin (in leptin RT-PCR)

BA-for:
(5’-AGTAGGCTTTGTGGTTGATG-3")

BA-rev:
(5’-CTGTCAGGAAAGGAGAAATC-3’)

PCR product length: 429 bp

For evaluating PCR results, we used the
electrophoresis of a PCR product on Agarose gel
and UVtech software. ANOVA test with repeated
measurements was used to evaluate the effect of
training on ABCA; gene expression (p < 0.05),
and all statistical analyses were conducted in
SPSS (version 21).

RESULTS

The results showed that exercise training in-
creases liver ABCA1 gene expression immediate-
ly, 2 and 24 h after exercise.

The results of the liver ABCAT1 gene expres-
sion has been shown in figure 1. The expression
of this gene was measured in comparison with
the expression of the internal control gene (beta-
actin). Letter C and T on the bands indicate the
control and exercise group, respectively. In Time
0, the bands from left to right are C1 to C4 for
control and T1 to T4 for the trained rats (fig. 1a).
In Time 2, C5 to C8 and T5 to T8 include

cil

M

the control and experimental groups, respectively
(fig. 1b). In Time 24, C9 to C 12 is the control
and T9 to T 12 is the experimental group (fig. 1 c).
M is also the marker of molecular weight.
The weight of the important bands has been
shown in the fig. Accordingly, the results of this
research on the gene expression of ABCA1 in the
liver showed a significant increase in the experi-
mental group compared with the control group
immediately, 2 and 24 hours after exercise
(p <0.05) (fig. 2).

DISCUSSION

The main finding of the present study was
higher liver ABCA1 gene expression immediate-
ly, 2 and 24 h after exercise. To our knowledge,
this is the first study that investigates the genetic
variations in tissue using such an exercise proto-
col. In the present study, the increase of ABCA1
expression was in line with the results of pre-
viously reported findings on different subjects
with different training protocols [5, 8, 10].

Ghanbari-Niaki investigated the effect of
a 12-week endurance exercise (intensity: 25 m/min,
duration: 60 min/session, and five days a week),
that resulted in ABCAlgene expression increase
in the rat's heart. Plasma apo-A and pre-f-HDL
concentrations were significantly increased [7].
Also, it has been shown that eight weeks of low-
intensity exercise (walking) significantly up-
regulated ATP-binding cassette transporters Al
(ABCA1) [15].

19 Til

Fig. 1. Semi-quantitative RT-PCT of liver’ ABCA1 and B-actin mRNA expression in control
and trained male rats and ABCA1/ B-actin mRNA expression ratio: a — time 0/ immediately after exercise,
b — time 2/2 hours after exercise, c — time 24/24 hours after exercise
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Fig 2. The changes in the gene expression of ABCA1 in the liver immediately (Time 0),
2 hours (Time 2), and 24 hours (Time 24) after exercise

Hoang et al. reported that participants with
high physical activity had higher levels of ABCAI
expression in leukocytes [8]. Ghanbari-Niaki et al.
reported that a single session of circuit-resistance
exercise (CRE) increased peripheral blood lym-
phocyte ABCAT1 expression and plasma HDL-C
level in human [6]. The mechanism of how cir-
cuit-resistance exercise increases lymphocyte
ABCAL expression is unclear. A higher ABCAI
expression might be attributed to an exercise-
induced lymphocytosis, particularly after a resis-
tance exercise which has been reported by pre-
vious studies [17]. According to Simonson and
Jackson, a resistance exercise (8 exercises, 3 sets,
and 8-10 repetitions at 75% of 1RM) increased
all leukocyte subpopulations which was accom-
panied by a significant increase in lymphocytes
counts. They suggested that this leukocytosis was
due to an increase in circulating lymphocytes
[17]. Rashidlamir et al. reported that two months
of cardiac rehabilitation training elevated ABCA1
expression in the lymphocytes of patients under-
going coronary artery bypass graft operation [14].

ABCAL is a cell membrane transporter that
facilitates the delivery of phospholipids from cell
membranes to lipid-poor apoA-1 with the forma-
tion of discoidal apoA-I- containing HDL, and it
plays a pivotal role in forming plasma HDL.
The mechanism(s) by which the exercise can in-
fluence liver ABCA1l gene expression is (are)

poorly understood. However, several possible me-
chanisms could be considered. It has been sug-
gested that the modulating effect of fatty acids
(FA) is mediated by peroxisome proliferator-
activated receptors (PPARs), and it is also well
known that PPAR is a nuclear receptor like liver
X receptor (LXR) and retinoid X receptor (RXR)
that regulates the expression of genes controlling
lipid and glucose metabolism [13].

Contrary to this research, Ghanbari-Niaki et
al. showed that a high-intensity running program
(34 m/min (0% grade), 60 min/day, 5 days/week)
on a motor-driven treadmill for eight weeks did
not significantly change heart ABCA1 and PPAR
o genes expression [4]. One of the reasons for
this difference may be related to the duration and
intensity of the exercise training in these studies.

Increased ABCA1 expression after 24 h shows
that the positive effects of training sustain even
after 24 h. Increased ABCA1, which is the main
responsible for reverse cholesterol transport and
phospholipids to apo A-I, indicates that more
apoA-I is lipidated [10]. This can explain the part
of the positive effect of training through affecting
blood lipids. The cause of increased ABCAI as
a result of training can indicate increased LCAT
and pre-b-HDL, which have occurred in response
to training [10].

Finally, it can be concluded that the increase
of ABCAI gene expression in the liver subse-
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quent to one session of long term aerobic exer-
cise supports the regulating and coordinating role
of this factor after exercise training and show the
positive effects of acute exercise on fat metabolism.
Of course, in this study, the lipid profile of plasma
was not studied due to some limitations; higher
training intensity with more sample number can
inspire a more precise insight in this respect.
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KPATKOBPEMEHHbIU 3®®EKT BEMOBbIX YITPAXXHEHUN
HA SKCIPECCHUIO rEHA NEYEHU ABCA1
Y CAMLIOB KPbIC NMOPObl WISTAR

Celied Mopme3a Taiie6u’, Mumpa Xademowapu?, Taiie6e Amupu Mapca’,
Mexdu A6ac3adezaH*, Aro6 Caedu’, A.B. HeHaweesa®

"Yuusepcumem um. Anname Tabamabau, 2. TezepaH, UpaH,

2yHueepcumem Pasu, e. KepmaHuwax, VpaH,

3YHueepcumem um. Xakuma Cab3esapu, 2. Cab3esap, MpaH,
*YHueepcumem [Matiame Hyp, 2. Maky, VpaH,

°*YHueepcumem Ma3saHdapaHa, 2. aboncap, nposuHyus MasaHdapaH, MpaH,
®lOxHO-Ypansckull 2ocydapcmeeHHbill yHusepcumem, 2. YensabuHck, Poccusi

Heab. AT®-cBs3bIBaIONINE KAaCCETHBIE TPAHCIIOPTEPHI IEPEHOCAT Pa3IM4HbIE CyOCTpaThl
yepe3 JUMHUTHBIN JBYCION HEPreTHUECKU-3aBUCUMBIM criocoboMm. ['en ABCAI sBisiercst dire-
HOM 3TOTO CEMEHCTBa, KOTOPOE UTPaeT NMEPBOCTEIICHHYIO POJIb B META00IU3ME JIMIONPOTEHHOB
BBICOKOH IUIOTHOCTH, HaxXoZsImxcs B tiazme. [Ipu aTom KpatkocpouHslit 3¢ dekT TpeHnpoBoY-
HBIX Harpy30K Ha 3KCIIPECCHIO JAHHOTO I'€Ha J0 CHX MOp OCTaeTcs Manou3ydeHHbIM. Llens man-
HOTO HCCIIEZIOBAHUS — BBIABUTH, KAKOE BIMSHHE OKa3bIBAET OJHOKPATHOE BBHINOJHEHHE yIPaXkK-
HeHHs Ha 3kcnpeccuto reHa nedean ABCA1 y camiioB kpeic mopoast Wistar. MeToasl. 24 camiia
KpbIChl TIopoabl Wistar ObLIM pa3MellleHbl B CTaHIAPTHBIX YCIOBHAX M pa3/ielieHbl CIy4aiHbIM
o0pa3zoM Ha JiBe KOHTpoJIbHbIE (N = 12) 1 skcniepuMeHTanbHble (n = 12) rpynmnsl. TpeHupoBouHas
Harpy3ka BKJItO4aia B ce0st Oer Ha crenuanbHoM Tpeammie B Teuenue 120 munyT (18 M/MuH).
Jliist B3aTHsI 00pas31ioB U3 NEYSHU U )KUPOBOM TKaHU KPBICHI OBIIIM aHECTE3UPOBAHBI Cpasy, Yepes
JIBa 4aca M uepe3 JBAANATh YETHIPE Yaca mocje BEIMonHeHus ynpaxHaenus. [en ABCA1 Obur uc-
cinenoBal MetosoM I1I[P ¢ oOparHoii peakimeii. PesyabTarsl. Pesynbrarsl uccnenoBanus moka-
3a)H, 4To IKcrnpeccus reHa nmeueHn ABCA 1 3HaunTenbHO BO3pOCIa cpasy, depes IBa Jaca U 4epes
IBaANAaTh YETHIPE daca IMociie BRIMOMHEeHus ynpaxkaeHni (p < 0,05). 3akiarouenue. [ToryueHnpie
pe3ynbTaThl MOATBEPAMIN, YTO TsDKenas (pU3MUYecKas Harpy3ka MOKET IOBBICHTH SKCIIPECCHIO
reHa nedeHn ABCAL.

Kniouesvie cnosa: ABCAI, sxcnpeccus zena, ynpasicHenue, nedets, JHCUposas mKamb, Kpbicol
nopoovwt Wistar.
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