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ABSTRACT

Received: 16 Apr 2022 [XTE Coronary heart disease is one of the leading causes of mortality in modern societies. The

Accepted: 05 May 2022 : disease is associated with the lack of physical activity and the expression of some genes involved in
Available Online: 01 Jul 2022 blood cholesterol transportation. Adenosine triphosphate (ATP)-binding cassette transporters G5/
: G8) ABCG5 and ABCGS) is the expression of adenosine triphosphate-dependent box protein genes 5
and 8, a member of the ABC transporter family, playing a crucial role in high-density lipoprotein cho-
lesterol and lipoproteins metabolism. The action of ABCG5/8 is to remove cholesterol and decrease
its toxicity. The increased activity of these two factors may prevent atherosclerosis. This study aims
to investigate the effect of eight weeks of aerobic resistance training on ABCG5 and ABCG8 gene
expression in coronary artery bypass grafting (CABG) patients.
The research population included 30 men voluntarily selected and randomly divided
into an experimental (n=15) and control (n=15) group. The experimental group performed aerobic resis-
tance training for eight weeks (3 sessions per week) and the control group had no exercise. The blood
samples were taken 48 hours before the beginning of the first training session and 48 hours after the last
training session while all subjects were fasting. Semi-quantitative polymerase chain reaction (PCR) was
used to measure the expression of ABCG5 and ABCG8 genes. To analyze the data, independent and paired
t tests were used at the significant level of 0.05 in SPSS software, version 21.
[FitITE The present study results showed that the aerobic resistance training group experienced a signifi-

Key words: cant increase in the messenger ribonucleic acid (mRNA) expression of ABCG5 and ABCG8 genes as a result
ABCG5/ABCGS gene, of eight weeks of aerobic resistance training compared to the control group.

Aerobic resistance [@TEIERT Based on the findings of the present study, it is possible to suggest that aerobic resistance
training, Coronary i training increases the expression of ABCG5 and ABCG8 genes, and improves the cholesterol transporta-
artery bypass © tion process, which may improve recovery of coronary artery bypass grafting (CABG) patients and pre-
grafting, Patient © vent cardiovascular diseases.
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Introduction

ombined with a sedentary lifestyle, mod-

ern life is imbued with the aggravation of

health problems, including cardiovascular

diseases. Outbreak studies using factors,

such as nutrition, lifestyle, and exercise

have shown that increased cardiovascular
disease is typically associated with decreased physical
activity and unhealthy dietary habits, including processed
and fatty substances [1]. Cardiovascular diseases, which
often begin with a background of atherosclerosis, are the
leading cause of death and disability in many countries,
including Iran. The high contribution of substances, such
as cholesterol to the development of coronary diseases
has been identified as one of the most prominent factors
related to cardiovascular problems [2].

Despite the usefulness of cholesterol for sustaining
several vital cell processes, its overproduction can com-
promise cellular function [3]. In the human body, about
two-thirds of cholesterol is transported by low-density
lipoproteins (LDL), approximately 20% by high-density
lipoproteins (HDL), and the remaining 14% by very-low-
density lipoproteins (VLDLs) [3]. When cellular choles-
terol levels exceed the levels of phospholipids present in
the membrane or when cholesterol is converted to cho-
lesterol ester, the additional cholesterol in the cell creates
toxicity [2]. Several mechanisms for cholesterol toxicity
have been proposed so far, including cholesterol crystals,
apoptotic pathway condensation, toxic Oxysterol forma-
tion, and membrane abnormalities that are critical for the
function of certain specific enzymes and signaling mol-
ecules. However, as stated above, cholesterol removal
from the cell is necessary to avoid the harmful effects of
increased cholesterol in the cell [4].

The reverse cholesterol transfer (RCT) from the vessel
wall binds to apolipoprotein A1 to produce HDL and aims
to remove cholesterol from the cell environment via ad-
enosine triphosphate-bound transporter proteins [5], me-
diated by adenosine triphosphate (ATP)-binding cassette
(ABC) transporters [6]. The main transporters of bile cho-
lesterol secretion are adenosine triphosphate (ATP)-bind-
ing cassette transporters G5/G8 (ABCGS5 and ABCGS),
and their encoding is located adjacent to each other on
chromosome 2p21, where mutation of these genes or
dysfunction of these two proteins results in a lipid disor-
der called sitosterolemia. These disorders usually cause
cholesterol accumulation, resulting in coronary athero-
sclerosis, which may eventually lead to acute myocardial
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infarctions [7, 8]. Nevertheless, these two proteins secrete
plant sterols and cholesterol from the enterocytes into the
intestinal tract and excrete them from the hepatocytes
into the bile, thereby lowering excess cholesterol from
the coronary walls and lowering blood cholesterol levels,
which decreases the risk of atherosclerosis and myocar-
dial infarction [9]. Therefore, exercise is considered an
inexpensive and effective treatment to reduce cholesterol
and consequently, treat atherosclerosis [2].

Recent studies have shown that physical activity can
improve RCT phases, such as improving HDL levels via
enhanced lecithin: cholesterol acyltransferase (LCAT)
enzyme activation and cholesterol withdrawal from cells
through ABC protein activity [10-14]. These mechanisms
suggest that exercise is a potential strategy for patients with
atherosclerosis, being recommended even after coronary
artery bypass graft surgery (CABG) [15], considering that
regular exercise with low to moderate intensities reduces
the risk of coronary artery diseases [ 16, 17]. Several stud-
ies addressed the exercise capacity to significantly reduce
blood lipid levels, lowering low-density lipoproteins
(LDL) and very-low-density lipoproteins (VLDL), with
subsequent increase of HDL, improving the health con-
dition of these patients [13, 18-21]. Therefore, given the
effect of exercise training on cholesterol levels, associated
with the reduction of cardiovascular risk factors and the
inconclusive reports regarding ABCG5 and ABCGS gene
expression, we aimed to investigate the effect of eight
weeks of aerobic training combined with resistance exer-
cise in specific gene expression of CABG patients.

Materials and Methods

The study employed a quasi-experimental control. The
research follow all the recommended guidelines pro-
posed by the Declaration of Helsinki according to ethical
principles regarding human experimentation, where all
subjects were informed about the possible benefits and
risks related to the protocols applied during the present
intervention. That research was approved by the Ethical
Committee board (protocol number, IRIAU.NEYSHA-
BUR.REC.1398.013). Thirty men were selected by a
convenient sampling method in the rehabilitation ward of
Jawad Al-Aemeh Heart Hospital. All selected participants
underwent bypass surgery in the last year. In the current
study, the inclusion criteria included individual cogni-
tive, visual, and hearing health, and the exclusion criteria
included no blood pressure greater than 160 mmHg and
diastolic blood pressure greater than 100 mm Hg, not us-
ing the same medication, not using mobility assistance
devices e.g. walker. Therefore, 30 CABG men (body
mass index [BMI]: 25.11£1.57 kg/m?; age: 55.37 +6.90
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years; body mass: 75.45+5.87 kg/m?) were recruited to
participate in the present study and 15 men were random-
ly allocated into an experimental group (BMI: 24.94+1.8
kg/m?; age: 54.58+6.47 years; body mass: 74.75+6.6) that
underwent through an exercise intervention, and the oth-
ers 15 subjects were randomly allocated to control group
(BMI: 25.28+1.34 kg/m? age: 56.16+7.5 years; body
mass: 76.16+5.23).

Aerobic training: The training protocol was performed
three days a week, with a 24 hours interval between each
exercise session, and a total of 24 meetings during the
study protocol. Each exercise session lasted up to 42 min-
utes by the cardiopulmonary status and physical tolerance
of each subject. The exercise session included treadmill
walking (20 to 30 minutes), pedaling on a stationary bike
(10 to 12 minutes), and ergometer use (10 minutes). Be-
fore the beginning of each training session, stretching ex-
ercises were used to warm up. The same stretching tech-
nique was used to cool down at the end of the session.
The exercise intensity of 55% of patients’ maximum heart
rate was considered the target heart rate during the initial
phases of the training, with gradually increased based on
the patient’s ability to reach 75% of the maximum heart
rate in the last 7 to 10 meetings.

Resistance training: The resistance exercise program
was performed three times a week for eight weeks, alter-
nately with aerobic training. The initial sessions included
three sets of up to eight repetitions, which increased up to
15 repetitions in the subsequent sessions. The resistance
training session included Scott with a physioball ball,
shoulder flection, hip flection, shoulder abduction, hip
abduction, elbow flection, ankle plantar, and dorsi ankle
flection. The movements were initially performed with
eight repetitions using a light traband (yellow). Then, in
each session, two repetitions were added to each move-
ment to increase the number of repetitions to 15. Then
the traband strength increased (pink) and the movements
increased again with eight repetitions and gradually in-
creased to 15 repetitions in the subsequent sessions. Each
session was followed by stretching exercises for 5-10
minutes and cool-down movements for 5-10 minutes.
The fluctuations of the patient’s heart rate during the ex-
ercise were monitored by a monitoring system.

Anthropometric Components: At the first visit to the
laboratory, the participant’s body weight and body fat
(%BF) were measured with an Inbody720® digital de-
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vice manufactured by South Korea. The height was as-
sessed by a SEKA® digital scale device (cm/cm) manu-
factured in Germany. The BMI was calculated as the body
weight, in kilograms, divided by the square of the height,
in meters (kg/m?).

Cardiac Measurements: The heart rate was measured
using Polar® F1tm Polarimeter and analyzed using the
Karunen formula on three different occasions, at the be-
ginning of the session, at the cool down, and at the end of
the session. As the intensity of exercise increased, approx-
imately 5% of the heart rate was added to the target heart
rate every week [22-24]. The blood pressure, as well as
the resting blood pressure, was analyzed using an ALPK-
2 -500 device, recording the data that are later processed
by the rehabilitation nurses after each training session

Gene Analysis: The subjects were instructed to arrive in
the laboratory in a fasting condition 48 hours before and
48 hours after the last training session. During the visits,
ten cc venous blood samples were obtained, in which a
monocyte separation was performed using Ficoll Mono-
cyte messenger ribonucleic acid (mMRNA) purification.
The samples were homogenized to obtain mRNA in RLT
buffer and then combined with liquid nitrogen (2 mL) in an
RNA-free microcentrifuge tube. Real-time PCR was used
to evaluate the relative expression of ABCG5/8mRNA.
Table 1 presents the sequence of primers used to measure
the ABCG5 and ABCGS genes.

All measurements and analyses were reported in
mean+SD and were obtained using SPSS software, ver-
sion 21 (SPSS™, Inc., Chicago, IL) at the significant
level of P<0.05. After examining the normality of data
distribution through the Shapiro test, the research findings
were analyzed using paired t test and dependent t test to
compare pretest and posttest within and outside the group.

Results

The real-time PCR observed in the present study
showed a significant difference between the aerobic
training mixed with resistance exercises compared to the
control group in the expression of ABCGS (P=0.001)
and ABCGS8 (P=0.001) genes. Correlation t test results
showed significant differences between pretest and post-
test in the experimental group (t=-4.517, P=0.001) (Ta-

ble 2). Figure 1 shows that changes in the expression
of ABCG5 and ABCGS genes in the aerobic-resistance
training group compared to the control group increased
significantly.
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Table 1. Oligonucleotide primers sequenc
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Gene Type Primer Sequence
G F. ACCCAAAGCAAGGAACGGGAA
ABCG5
B R. CAGCGTTCAGCATGCCTGTGT
G F. TCGTACCCTCTCTACGCCATCT
ABCG8
B R. GGACACGTAGTACAGGACCATGAA

Abbreviations: ABCGS5/G8, adenosine triphosphate-(ATP)-binding cassette transporters G5/G8

Discussion

The present study investigated the impact of eight weeks
of aerobic training combined with resistance exercises on the
expression of ABCG5 and ABCGS genes in CABG patients.
The present study showed that eight weeks of aerobic train-
ing combined with resistance exercises increase the expres-
sion of ABCGS and ABCGS genes in CABG patients, which
may reduce cardiovascular diseases.

One of the most dangerous cardiopathy is related to coro-
nary artery disease (CAD), commonly reported as athero-
sclerosis cases, decreasing vessel wall elasticity due to the
formation of atherosclerotic plaques, and thickening arter-
ies due to an increased amount of cholesterol accumulation
[22]. Increased endothelial abnormalities of some choles-
terol transporters at the endothelial membrane surface are
suppressed in expression and function, leading to increased
cardiovascular diseases [23], including decreased expression
and impaired function of RCT factors called ATP-dependent
(ABC) box proteins in a way that these patients are resistant
to interventions designed to regulate transcription to increase
cholesterol transporters. Therefore, mechanisms that impair
ABC transporters or affect actual cellular pathways should
be directly treated [24].

The ABC family is subdivided into sequences, and
ABCG is a subset of the large ABC family, which is a
significant lipid transporter and has several subclasses,
including ABCG1, ABCG2, ABCG3, ABCG4, ABCGS,
ABCGS, ABCG11, ABCG12, and ABCG26 [25-30]. All
of these ABCGs except ABCG2 play a crucial role in the

Table 2. Changes in intra-group and inter-group research variables

Internal Medicine Today

RCT process. Two members of the ABC transporter fam-
ily, ABCG5 and ABCGS, which are heterodimeric and
are often expressed in the liver and small intestine, restrict
sterol uptake by the intestine and increase biliary secre-
tion by the cholesterol-induced liver. The ABCGS, and
ABCGS transporters are both regulated by the hepatic X
receptor [25, 31-35]. In other words, the liver X receptor
(LXR), by upregulating ABCG5 and ABCGS, produces
bile acid and secretes cholesterol into the bile, promoting
fecal excretion of cholesterol in the intestine [17, 36-38].

Overexpression of ABCG5 and ABCGS transporter
genes in mice reduces dietary cholesterol up to 50% by
increasing biliary secretion of sterols. Conversely, abnor-
malities of both genes in mice led to a 3-fold increase in
dictary plant sterol uptake, increasing plasma cytosterol
levels by 30%, combined with decreased biliary choles-
terol levels [26]. The beneficial effects of these transport-
ers on cholesterol homeostasis have made them vital as
therapeutic targets to prevent atherosclerotic cardiovas-
cular disease. Nevertheless, although most studies have
shown that exercise activities increase the expression of
cholesterol transporters, and affect blood cholesterol lev-
els [29-31], the most significant part of these studies was
conducted to investigate the effects of physical activity on
the mechanisms of expression of genes involved in the
process of RCT, including the family of ABC transport-
ers, especially type G often focused on animals, demon-
strating a lack of knowledge regarding these effects in
humans [27, 28].

Variables F t P
ABCG5 24884 0.001 -4517 0.001
ABCGS8 15520 0.001 -4263 0.001

Abbreviations: ABCG5/G8, adenosine triphosphate-(ATP)-binding cassette transporters G5/G8
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Figure 1. Mean changes before and after the intervention of research variables adenosine triphosphate-(ATP)-binding cassette transporters

G5/G8 (ABCG5- ABCGS)

In this context, a team of researchers reported that the ex-
pression levels of ABCGS decreased in Sprague—Dawley
female rats following moderate-intensity aerobic training
on a treadmill (six weeks of incremental running from 15
m/min and 0% slope for 15 minutes a day [two weeks] to
60 minutes a day at 26 m/min 10% [four weeks] and five
times [weekly]) [28]. Besides, another study examined the
impact of training on the expression of the ABCGS gene in
intestinal tissue of female mices, and the findings showed
the increased expression of this gene following exercise
training (six weeks of incremental running at 15 m/min and
0% slope for 15 minutes a day to 60 minutes a day at 26 m/
min at 10% slope, five times a week) [39]. In another study,
Ghanbari Niaki et al reported an increase in the relative ex-
pression of ABCGS visceral fat following aerobic exercise
on the treadmill [40]. Nevertheless, Hosseini et al. examined
the effects of acrobic training and high-intensity exercise
on the expression of ABCG4, ABCGS5, and ABCG8 genes
in athlete muscles. Their results showed that one session of
aerobic and high-intensity exercise induced the expression
of genes involved in cholesterol transfer compared to the
control group, but no significant differences were observed
between the two experimental groups [41].

Rehabilitation programs are a crucial part of the treat-
ment process aiming to return the patient to their optimal
physical, psychological, and social conditions [42]. Life
expectancy after cardiac rehabilitation has been shown to
significantly increase, demonstrating the efficacy of these
strategies. Training protocols reduce cardiovascular mor-
tality by 20% to 25% and cardiovascular disease death
by approximately 22% to 25% after a three-year follow-
up study. Rehabilitation is also considered a facilitator in
controlling risk factors in these individuals because it can
slow or delay the disease process [42-45].
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Based on the results of the present study and combined
with several studies in animals, it can be suggested that the
combination of aerobic training and resistance exercise is
effective to enhance the RCT via ABCGS and ABCGS8
gene expression, and shows that it can be considered an
effective and preventive treatment for CABG patients.
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5. Lecithin—Cholesterol Acyltransferase (LCAT)
6. Coronary Artery Bypass Surgery (CABG)
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1. Low Density Lipoproteins (LDL)
2. High Density Lipoproteins (HDL)
3. Very Low Density Lipoproteins (VLDL)

4. Reverse Cholesterol Transportation (RCT)

508 Jos o lows 1> ABCGB 5 ABCGS (slags} 5, 52 oS53 o0l 365 .oy Ko 5 Sl B3l Iy 3



http://javadalaemehosp.ir/
http://dx.doi.org/10.32598/hms.28.3.3775.1
http://imtj.gmu.ac.ir/article-1-3858-en.html

[ Downloaded from imtj.gmu.ac.ir on 2023-12-10 ]

[ DOI: 10.32598/hms.28.3.3775.1]

3 o)leds .28 0)95 .1401 Hliwsls

B ud 00938) dude 18 30 CSyo 2 4 HSS ¥ cpuw S pland]
Sl a8 LS OB w10 & Loy, S3 IS oluss
PSS 4 LSS A S Gzl Cuseds S 9 (Gse)
S Olyd dids Ve B O L dulz jo i) dmy Olude
Sog B8 Jbpo Slugs Dg1 olpad 93,5 3w 5 3OS p)S

w0 (w2 y5kle O Jawgs

((CTPINTY ) STV EY

oBuses & Ak,sx o> 9 039 Sasleil 4o Jol yeas 3o
6,5 » osdaslu dnbody 720%° Jiews olSzes Jawgs
hwg BUSCS & B ouzmed  AS GSoiwl g
53 owddidle (fognl) B Jluows 98 (g, Seilul olSzas
09 Olgieds 36 iy 0083 pasly Comd b @uSoiwl ol
w8 55031 o 4y B 350 1 e p S SLS 4y

o slaslze

ub 6xSoluil seyVey Polar® FItm @byl b ol
C)S JIB byl 0x9e chlzse CumBge ¥ 30 i9ylS Jsed b s
dudo glaBl 55 00,5 s Glo) O (e dule Gluzl )
2 B b b Gilhe o 0 slagiylil (G4
ooy Gl & ool b alel Buas s Jbpo 45 dzis
Os5 LU guews 9 Ossilad YRV Cébie G5
I3 sy syse ALPK-2-500 olSiws gsyb Corlial
3 3 e il Oy dwss M Losls odf 288
B () ) (4 dander

B deles

Colo FA 0)gy Clo 30 B ud drwlgs BunSceSa )
4 od ol I g Cole FA 9 008 Oddl ) ol
Os5 Adle 3+ oghas Ol g3 S dmzle olSasle)
SlwSly Gubil Cuwgise Gilulz s ub adS ol
Cowdss ladigé b5 Oyee MRNA Ficoll Monocyte
ougw 9 39 48,8 RLT 8L Jsle 3> MRNA gl 31 6 wus
I e 955ue Sedsile dyt 55 (il V) OJsss dgdexe
Gt Ol 3 ¢l ST PCR S5 31 wisd S5 RNA
Syl iy s oslazel ABCG5/8 mMRNA  glaos
3 ABCG 8 5 0 ABCG ¢y ¢ySoilwl ¢ly odboslit

ol 0 313 Y 03leds Jgus

8. Body Fat Percentages (BF)
9. SEKA

/.)/Uv’)%/}

PV s )lad B398 Sleid 9 b (S 808 Cuadw

Voo 3 L Sgmabs 09> JlES 5 Yo Ske VP
3 oaLéz...If..\; 9 wlin glagyh j odldw pus fogu Al
Bl b oo Vool SSly Wil S SaS sladliwy
2 pSSS YOMBVOV=04 o388 pasls) b b e
(eSskS  VO/FOEO/AV=039 e OOPVES/A=(u  gysesie
Gjgods LS CS 8 lo dallhe j B wud ol
0355 wasla) wid,S 8 Gialeil 09,5 o Oy VO (Ldolal
VRIVOEF/P=059 sl OF/OAE  §/PV=gu  =YRATEVA  u
A0 SHleys wsS 8l bl dshe 5 (pSelS
g9 b 9 WS B JAS 095 55 dolal Cjgedy Ko
Gl 00g3  aslEEYOINARYY) WS Gl gdlshe
VENPEOINY=05s o OF/VFEVIO=(u SRaseiie 51 pSSKS

{psSelsS

Slen 1,8

F8,5 iy b atde 43 59y ¥ Giygody ilse (18 delgd
TP legame &5 30,8 dude 58 o Uile) dlol Caslu VP
Cgody yd dulz ;0 59 dasdllae Jsb 35 iy dule
Josd 5 Senll bl b Cumdy ddzgil W 1S, sl
Clalz 39y dude yo plod] Oloj 483 FY 08 ;o (S5
d4id> ¥o B YY) Jeeds 89y » saodly Jeld sk
(488> V+) 5agSyl 3l odlital g9 (488> W B V+) Culs asyz90
£S5 S S slagiiyg id dwle BT 3 Gl g
o 050w Gy EAS Oluyd Olee e el O3S
00 Jolze (opd Oud CdSe 8 ooldtel 390 Oluyé
B Qb Olsisdy &5 3 Oblew B Ol S dey
Cugody gugw Wb pakde (53d Al Jole O Bua
Obpd Mo doyd VO B sley bl 8,5 Sl b Geyas
8L 381 Y+ B Y Sl 30 Ol les I8

Gglie il 6

Coygody dzio A dsb 5> dzas 55 diye ¥ eglde ©ly,é

Jold 4l Clude wi plodl silsn Sluyd b Oke 3 S
Olal3d) gusy Olade 53 HIST VO B g 39 ST AL Cw ¥
b Ol CSyo plodl dals Gaglie Wlinyd Olule b
oS bludl galy PLBI 338 JsS DL 0358 Jusysd
g 9 LBl 9 b g SN @l BB ul bl
(23) Saw D13 SS a3 HSS AL Jad OS,o o) B9 b

7. Millimeter of mercury (mmHg)

3508 Jos o lows 1> ABCG8 5 ABCGS (slacs} 5y 52 oS 53 90l 3310 .o Kok g Jusld 5L Iy 3



http://dx.doi.org/10.32598/hms.28.3.3775.1
http://imtj.gmu.ac.ir/article-1-3858-en.html

[ Downloaded from imtj.gmu.ac.ir on 2023-12-10 ]

[ DOI: 10.32598/hms.28.3.3775.1]

L

3 0)leis .28 095 .1401 Hliwnls

oy sl yoal s e 5.V ouzr

&

rilpesy oI
F.ACCCAAAGCAAGGAACGGGAA G
ABCG5
R. CAGCGTTCAGCATGCCTGTGT B
FTCGTACCCTCTCTACGCCATCT G
ABCG8
R.GGACACGTAGTACAGGACCATGAA B

j)/d" ’5_‘)

Ole 5 Olhusd ewiadlis v oyled pead (¥ oyled J9us)
05)§ L duoldo y uﬁitﬂ)i 03_5 3 ABCG8 5 ABCG5 glags
Coal 5 Sadig G238 Sy SOl &5 w230 OLES |y JS

Sou

-

s Gilea a8 wie A b Guyp 4 ol asllas
5 ABCG8 4 ABCG5 glagi ol 10 Geslie loyé U
Aol Olis polo delthe Sl didlay 3L B Jes Obleg
sl Ole eglde Ol L oes Gilgr (24 wie
dede Gial3d) b s Jes Olsles o |y ABCG8 9 ABCG5
94 (89,58 laglos JalS 43 y2xie Lilgi0 45

slaglen 4 barpe dd slagilen 5a3SLibs 31 S

SBS e Oy Cod Buss & Cul sisS B9y
el zgs Gilon g9 Ol Weds Arme 89S B9y
JSEs o) Jds S owd WSy ojlgd Leled) Cuels
aesd Jdody B9y Culd ildl 9 Sgslus T slasHy
Gx JWbowl loagslal (il VY] wlbe JoiudS
9 Oy 5o Jubiswl gliec paw 3 JoiulS lacsimaJlas)
Boseedd slagslon Gl 4 smie € 0ud S 3,Sles
i) Jalgs padl 3,5k 5 ol (gl Jals 5 [VF] dsdire

ol Julos

MeeBlyoil o Silie Cygody laddlod 5 Loy Sojlull des
Slolime paw 35 SPSS jf38le 5 ¥V dseus Jaugs 9 oud Ghyl3S
0993 Jlp Gayy 3 o Gl ouel Cuwd 4 PS /00
3uos gloadly MSby gymls gl Eubil Leesks @ig
I8 i 298 e 5 09edl 5 Jdtwe 5 Ogell B2sb))
5 6295095 il 5 olaleilgiey wleesls G wid S
Lgd ducslie (29,5091

sl

&S ol olis asllhe oy s edlatsl 8398 3T PCR Suss

Gleslie slagsd b o Gilse (3338 Oke iblize Ciglds
ABCGS5 slagi ol 3 JAS 09,5 & Cud iole)l 09,5 58
Cuses golts D> 3929 ABCG8 (P=:/-+Y) 5 (P=+/-+Y)
9 Ul B Ok @ilolime Ciglis ol Glis Hgzea G Osell
(t=-F/0VV; P=+/++1) 35 3529 JAS 09,5 55 Ogasl 3wy

10. SPSS™, Inc., Chicago, IL
11. Shapiro-Wilk
12. Paired SamplesT Test

CHANGES BETWEEN THE GROUPS

Pratmst Post-best

'H'l$ ||

mT o

Pretest Poat-test

SRLLE

L en by H # § panbdsesd 11 s

ABCG8 5 ABCGS - (3405 sl yito a3l 31 s 9 s (5Silen ol 3 1 98

508 Jos o lows 1> ABCGB 5 ABCGS (slags} 5, 52 oS53 o0l 365 .oy Ko 5 Sl B3l Iy 3



http://dx.doi.org/10.32598/hms.28.3.3775.1
http://imtj.gmu.ac.ir/article-1-3858-en.html

[ Downloaded from imtj.gmu.ac.ir on 2023-12-10 ]

[ DOI: 10.32598/hms.28.3.3775.1]

3 o)leds .28 0)95 .1401 Hliwsls

/.)/Uv’)%/}

295097 9 (2955 09,0 Sl it ;o Ol S Y Jsae

P T P F s
ofeey oy ofee) YEAMY ABCG5
AR —FYSY Y 00Y -+ ABCGS8

j;/d’ ’J_.zﬁ

Ollgee 30 dud3Syete il G aigS o39ds ABC suasJlaz)
1l o 58b pgasys LAl B suesilis &S wsbie
YA V] Gl Lo

&S wled,S S iz Oulow I oS diuly oo o
sl Sl odle lagiss 3> ABCGS o3 oly pdaw
ol Jued 3 9y 2 bugte b L s Cul=d Sl Gy
el doyd o b dAB e 10 3 AP 95 diae §) Cly
Fo V& o pw b Ggy 00 dASS £o 5 (azde V) gy »d BB VO
(ke Cjgods 43 O (ada F) cud Joyd Ve b ddds g
05 O 3 o0 8l Gusp 4 o> Olallhe wsdeds [YA]
sladily 5w,y oole glagise 039y Cdb s ABCGS
99 wia £) (53,8 3 pw O 0 Oy &S wade lis gl
dEB> V0 9 Loyd Ao Cud 9 dASY R VO Ceopw b 38
Cud 9 BB 5 fe VP e b gy 50 4BBS P+ B 59y 50
asllhe 55 [YA] Cool 4Bl iol3d) (dzim 4> 5L O hoyd Ve
Gl Ol S dsde IS Gz Ses 9 S end
oy Silee G2 3 uw ¢SB ULbl e ABCGS 03
ISed 9 Guws g9l [Fr] Gl 4Bl Sul38) Jaed s
Ole 5 Vo Ous b Clayd o Gilse Oluyd S Guy 4
ASsiys dzwale s> ABCG8 5 ABCG4, ABCGS slas
Slsr O dule Sy &S S Ol Lol mbs sl
JosalS JEl 5o dusd gladl oo Yo Gus b o8 s
Oolds GBS bl 03,5 Syye8 JAS 09,5 b daglie 53 1)
IBV] Gl 00 000 S2ale3T 09,5 98 Olue g lolize

Glily 55 Oloyd wld 3 ege Ghde asudlys Glodalp

iy szl 9 Gl Sud hld 4 ske 0ubSHL
4 el S Sl odd ods OIS oo g@Blgyd [FY] wizws
Whoe ol GxSady ba GBS da I e SW)
Blodaliy Wsbe lagHliul o3 i bl odiadilis o
dus ) Beedd glagiben I G0 sweeSie uyé
G oYY Iy Boeudd @ilow Jddas Sye g oy YO B Ve
Lol 0ol uals gl glaguyy I pwy Jw ¥ aey YO
2 Sy dalse JRS 0 Sduged o Olsiedy ASulss
y Goow Sl Wisige Gasuols Sedly) walise ol o

13. Sprague — Dawley

ATP & diwly @loogtsy 4w b b JoiulS (wgSme
GMshe ilie 53 1 Sl o3l &5 $gmsa usbe (ABC)
owadJlED) il3d Cye Cdgisy GluS, Sy &S
S Rlopsolle @ilply ilee pslie wsboe JofulS
oo Glous 51 b uSe Jizw Iy ABC glasuaiasdls!

[YF] 5.5 o ys ouditns Ceanslyrn ati JIS 0,3l 3l

S dgdp eradl il glacds 4 ABC edlgls
oazadJlan] oS Cowl ABC odlgils degacays) 925553 ABCG
daz)l @ousie glaodlgilspy bl 9 Wibe dud eae
ABCG26, ABCG12, ABCG11, ABCGS8, ABCG5, ABCG
oY elé vyl wile ABCG1 5 4, ABCG3 ABCG2
onsSma JIED) WuTd 55 ege B ABCG2 324 la ABCG
iz ABC owiasdlisl odlgils gas ¥ @8layd ol JgiulS
0395 9 &S 30 bl 9 2391 ST yad9 e S ABCG8 g ABCGS
AS e dgdoe 039y 3 1y Josel iz Wede Ol SeS
AS p oudolol sladssulS @bl 1y de S 9
Sbsl ABCGS 5 ABCGS wlaosimsdlin) amoue il
oS Oy 4 [YOYY] Wsdoe JiS X Sabe gleows,S
sloul Czge ABCG8 5 ABCGS wor 31 i ol b 3 LXR
S WSee gdy o 53 ) JeiulS 9 354 o lho dgul
W] wilbe oodgy O9xd JosiwlS (sgdua 8> oS Cogds
YA-YE

ABCG8 3 ABCG5 (o ¢lvosasdlin) o3l 31t Oly

i ORI @bl woyd 00 By e JesudS lagige 5o
O3 ¥ o 53 Lag)lzial (pesyd Wade GhalS Jgiul (ke
OLS 55 Jsswl Qdz 53 Gxln ¥ S 4 e lagige 5
Yol lowdly Jofuloiw pohu 8l Cose & oud e
IVP] dsde Hshe JoiudS pohe (ial oes 4 woy
Gl 1y ol JoswdS jlwgesn 33 nowasdlin! gl bl
Sosseld KBS lagles I xSole @ln pae Gles
0o Olallhe J) Gl dz S alogzdl Cud 03,5 Ju
JosiudS glaowmadlinl Oly Loiys slacdlsd 4 wlesls
LIS 58E Gos JosulS pohu o9 wiadge ¥ Iy
ot Sy 3 Olallae o Gy oriees W PV-Y]
s ladl Ol slapsslle » S slacyled b
odlgils Jols & wble JgiwlS pweSme Jlnl uuls o

3508 Jos o lows 1> ABCG8 5 ABCGS (slacs} 5y 52 oS 53 90l 3310 .o Kok g Jusld 5L Iy 3



http://dx.doi.org/10.32598/hms.28.3.3775.1
http://imtj.gmu.ac.ir/article-1-3858-en.html

[ Downloaded from imtj.gmu.ac.ir on 2023-12-10 ]

[ DOI: 10.32598/hms.28.3.3775.1]

L

3 0)leis .28 095 .1401 Hliwnls

L50-¥¥] o3Il pusb b uss

Glallae 500 JS 0 5 ol Budos gladsl gululy
9 Silsa ylopd S5 S 55 O ouz Vg (s
Gub)l JosulS weSwme JUEDI dsuy » eglie slagsé
Gileyd Olgisds 9 Cudl B3 ABCG8 9 ABCGS ylapi ol
e gshe b B das O slows &) 2 oS 6 Sy

VRN

IRJIAU.NEYSHABUR. 31 oS L  dasllhwe o
aob Jelds asly Ledul ST o8asls ,» REC.1398.013

Cawl 00

09,5 Jols Bolo luyd 5S> dsbglly 3 dsy dlds Gl
el 593l Aoy (oMl O 3T OIEGS o3y Caws 53

eb Al el 9 Geles dwly oyl 9 Gilupsade
s caools Jdoo sdijes Gub by el iwlidghey
Osli g Gledb) gyals,S Hladl yg Gho S| 5 Jb Bl
Pt S uyp ol Ble T mle 5 b

O ygd dan z gl 139 9 ey 255 9 Lol

D15 @8lie (2 )13 e (3l OB Uruns o3 labsl 53l

GHIu8 9 SES Babod oy g0 OBWSES & den )

&

D940

508 Jos o lows 1> ABCGB 5 ABCGS (slags} 5, 52 oS53 o0l 365 .oy Ko 5 Sl B3l Iy 3



https://neyshabur.iau.ir/fa
https://neyshabur.iau.ir/fa
http://dx.doi.org/10.32598/hms.28.3.3775.1
http://imtj.gmu.ac.ir/article-1-3858-en.html

[ Downloaded from imtj.gmu.ac.ir on 2023-12-10 ]

[ DOI: 10.32598/hms.28.3.3775.1]

July 2022. Vol 28. Issue 3

References

[1] Nazari N, Hashemi-Javaheri AA, Rashid-Lami A, Alaviniya E. Effect of
cardiac rehabilitation on strength and balance in patients after coro-
nary artery bypass graft. Zahedan Journal of Research in Medical Sci-
ences. 2013; 16(1):74-8. [Link]

[2] Oram JF. HDL apolipoproteins and ABCALl: Partners in the re-
moval of excess cellular cholesterol. Arteriosclerosis, Thrombo-
sis, and Vascular Biology. 2003; 23(5):720-7. [DOI:10.1161/01.
ATV.0000054662.44688.9A]

[3] Askari B, Rashidlamir A, Askari A, Habibian M, Saadatniya A. Effect of
eight weeks of cardiac rehabilitation training on PPAR-a gene expres-
sion in CABG patients. Medical Laboratory Journal. 2018; 12(2):27-
31.[D0I:10.29252/mlj.12.2.27]

[4] Hattori H, Kujiraoka T, Egashira T, Saito E, Fujioka T, Takahashi S, et
al. Association of coronary heart disease with pre-B-HDL concen-
trations in Japanese men. Clinical Chemistry. 2004; 50(3):589-95.
[DOI:10.1373/clinchem.2003.029207]

[5] Justice JE. Management of cholesterol in the diabetic patient [MSc,
thesis]. United States: Northern Kentucky University; 2004. [Link]

[6] Yeboah J. more-intensive vs less-intensive LDL-cholesterol lowering
reduces mortality. Annals of Internal Medicine. 2018; 169(2):JC6.
[DOI:10.7326/ACPIC-2018-169-2-006]

[7] Axmann M, Strobl WM, Plochberger B, Stangl H. Cholesterol trans-
fer at the plasma membrane. Atherosclerosis. 2019; 290:111-7.
[DOI:10.1016/j.atherosclerosis.2019.09.022]

[8] Rashidlamir A, Saadatnia A, Ebrahimi-Atri A, Delphan M. Effect of
eight weeks of wrestling and circuit fitness training on APO lipopro-
tein Al and lymphocyte ABCA1 gene expression in well-trained wres-
tlers. International Journal of Wrestling Science. 2011; 1(2):48-53. [D
01:10.1080/21615667.2011.10878931]

[9] Yu XH, Qian K, Jiang N, Zheng XL, Cayabyab FS, Tang CK. ABCG5/
ABCGS in cholesterol excretion and atherosclerosis. Clinica Chimica
Acta. 2014; 428:82-8. [D0I:10.1016/j.cca.2013.11.010]

[10] Lee JY, Kinch LN, Borek DM, Wang J, Wang J, Urbatsch IL, et al. Crys-
tal structure of the human sterol transporter ABCG5/ABCG8. Nature.
2016; 533(7604):561-4. [DOI:10.1038/nature17666]

[11] Zein AA, Kaur R, Hussein TO, Graf GA, Lee JY. ABCG5/G8: A struc-
tural view to pathophysiology of the hepatobiliary cholesterol se-
cretion. Biochemical Society Transactions. 2019; 47(5):1259-68.
[DOI:10.1042/BST20190130]

[12] Tada H, Okada H, Nomura A, Takamura M, Kawashiri MA. Benefi-
cial effect of ezetimibe-atorvastatin combination therapy in patients
with a mutation in ABCG5 or ABCG8 gene. Lipids in Health and Dis-
ease. 2020; 19(1):3.[DOI:10.1016/S0735-1097(19)32342-3]

[13] Neumann J, Rose-Sperling D, Hellmich UA. Diverse relations be-
tween ABC transporters and lipids: An overview. Biochimica et Bio-
physica Acta. Biomembranes. 2017; 1859(4):605-18.[D0I:10.1016/j.
bbamem.2016.09.023]

[14] Tiainen S, Kiviniemi A, Hautala A, Huikuri H, Ukkola O, Tokola K,
et al. Effects of a two-year home-based exercise training program
on oxidized LDL and HDL lipids in coronary artery disease patients
with and without type-2 diabetes. Antioxidants. 2018; 7(10):144.
[DOI:10.3390/antiox7100144]

[15] Ahn N, Kim K. High-density lipoprotein cholesterol (HDL-C) in car-
diovascular disease: Effect of exercise training. Integrative Medicine
Research. 2016; 5(3):212-5. [DOI:10.1016/j.imr.2016.07.001]

Sadeghi Fazel F, et al. The Effect of Combined Training on ABCG5 and ABCGS in CABG Patients. Intern Med Today. 2022; 28(3):398-411

Internal Medicine Today

[16] Ruiz-Ramie JJ, Barber JL, Sarzynski MA. Effects of exercise on HDL
functionality. Current Opinion in Lipidology. 2019; 30(1):16-23.
[DOI:10.1097/MOL.0000000000000568]

[17] Miozzo AP, Stein C, Marcolino MZ, Sisto IR, Hauck M, Coronel CC,
et al. Effects of high-intensity inspiratory muscle training associated
with aerobic exercise in patients undergoing CABG: Randomized
clinical trial. Brazilian Journal of Cardiovascular Surgery. 2018;
33(4):376-83. [DOI:10.21470/1678-9741-2018-0053]

[18] Ghanbari-Niaki A, Rahmati-Ahmadabad S, Zare-Kookandeh N.
ABCGS gene responses to 8 weeks treadmill running with or without
Pistachia atlantica (Baneh) extraction in female rats. International
Journal of Endocrinology and Metabolism. 2012; 10(4):604-10.
[DOI:10.5812/ijem.5305]

[19] Wang J, Mitsche MA, Liitjohann D, Cohen JC, Xie XS, Hobbs HH.
Relative roles of ABCG5/ABCGS in liver and intestine. Journal of Lipid
Research. 2015; 56(2):319-30. [DOI:10.1194/jlr.M054544]

[20] LeCheminant JD, Tucker LA, Bailey BW, Peterson T. The relation-
ship between intensity of physical activity and HDL cholesterol in 272
women. Journal of Physical Activity and Health. 2005; 2(3):333-44.
[DOI:10.1123/jpah.2.3.333]

[21] Elmer DJ, Laird RH, Barberio MD, Pascoe DD. Inflammatory, lipid,
and body composition responses to interval training or moderate
aerobic training. European Journal of Applied Physiology. 2016;
116(3):601-9.[DOI:10.1007/s00421-015-3308-4]

[22] Glenney SS, Brockemer DP, Ng AC, Smolewski MA, Smolgovskiy
VM, Lepley AS. Effect of exercise training on cardiac biomarkers in at-
risk populations: A systematic review. Journal of Physical Activity and
Health. 2017; 14(12):968-89. [DOI:10.1123/jpah.2016-0631]

[23] Kodama S, Tanaka S, Saito K, Shu M, Sone Y, Onitake F, et al. Effect
of aerobic exercise training on serum levels of high-density lipopro-
tein cholesterol: A meta-analysis. Archives of Internal Medicine.
2007; 167(10):999-1008. [DOI:10.1001/archinte.167.10.999]

[24] Rashidlamir A, Dastani M, Saadatnia A, Bassami MR. Effect of
cardiac rehabilitation training on ABCA1 expression in lymphocytes
of patients undergoing coronary artery bypass graft operation. Za-
hedan Journal of Research in Medical Sciences. 2018; 20(6):e11277.
[DOI:10.5812/zjrms.11277]

[25] Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang
AR, Cheng S, et al. Heart disease and stroke statistics-2018 update:
A report from the American Heart Association. Circulation. 2018;
137(12):e67-492. [DOI:10.1161/CIR.0000000000000573]

[26] Rashidlamir A. [Investigation of the effect of aerobic and resist-
ance exercises on peripheral blood mononuclear cells ABCG1 gene
expression in female athletes (Persian)]. Journal of Shahid Sadoughi
University of Medical Sciences. 2012; 20(1):1-9. [Link]

[27] Rahmati-Ahmadabad S, Broom DR, Ghanbari-Niaki A, Shirvani H.
Effects of exercise on reverse cholesterol transport: A systemized
narrative review of animal studies. Life Sciences. 2019; 224:139-48.
[DOI:10.1016/j.Ifs.2019.03.058] [PMID]

[28] Ma Z, Deng C, Hu W, Zhou J, Fan C, Di S, et al. Liver X receptors and
their agonists: Targeting for cholesterol homeostasis and cardiovas-
cular diseases. Current Issues in Molecular Biology. 2017; 22:41-64.
[DOI:10.21775/cimb.022.041] [PMID]

[29] Patel SB, Graf GA, Temel RE. Thematic review series: Lipid transfer
proteins ABCG5 and ABCG8: More than a defense against xenoster-
ols. Journal of Lipid Research. 2018; 59(7):1103-13. [DOI:10.1194/
jIrR084244]



https://brieflands.com/articles/zjrms-1754.pdf
https://doi.org/10.1161/01.ATV.0000054662.44688.9A
https://doi.org/10.1161/01.ATV.0000054662.44688.9A
https://doi.org/10.29252/mlj.12.2.27
https://doi.org/10.1373/clinchem.2003.029207
https://www.proquest.com/openview/fac6f1df6bc10cfacfc2fa686a25db94/1?pq-origsite=gscholar&cbl=18750&diss=y
https://doi.org/10.7326/ACPJC-2018-169-2-006
https://doi.org/10.1016/j.atherosclerosis.2019.09.022
https://doi.org/10.1080/21615667.2011.10878931
https://doi.org/10.1080/21615667.2011.10878931
https://doi.org/10.1016/j.cca.2013.11.010
https://doi.org/10.1038/nature17666
https://doi.org/10.1042/BST20190130
https://doi.org/10.1016/S0735-1097\(19\)32342-3
https://doi.org/10.1016/j.bbamem.2016.09.023
https://doi.org/10.1016/j.bbamem.2016.09.023
https://doi.org/10.3390/antiox7100144
https://doi.org/10.1016/j.imr.2016.07.001
https://doi.org/10.1097/MOL.0000000000000568
https://doi.org/10.21470/1678-9741-2018-0053
https://doi.org/10.5812/ijem.5305
https://doi.org/10.1194/jlr.M054544
https://doi.org/10.1123/jpah.2.3.333
https://doi.org/10.1007/s00421-015-3308-4
https://doi.org/10.1123/jpah.2016-0631
https://doi.org/10.1001/archinte.167.10.999
https://doi.org/10.5812/zjrms.11277
https://doi.org/10.1161/CIR.0000000000000573
https://jssu.ssu.ac.ir/browse.php?a_id=1903&sid=1&slc_lang=en
https://doi.org/10.1016/j.lfs.2019.03.058
https://www.ncbi.nlm.nih.gov/pubmed/30922848
https://doi.org/10.21775/cimb.022.041
https://www.ncbi.nlm.nih.gov/pubmed/27669666
https://doi.org/10.1194/jlr.R084244
https://doi.org/10.1194/jlr.R084244
http://dx.doi.org/10.32598/hms.28.3.3775.1
http://imtj.gmu.ac.ir/article-1-3858-en.html

[ Downloaded from imtj.gmu.ac.ir on 2023-12-10 ]

[ DOI: 10.32598/hms.28.3.3775.1]

Internal Medicine Today

[30] Wilund KR, Feeney LA, Tomayko EJ, Weiss EP, Hagberg JM. Effects
of endurance exercise training on markers of cholesterol absorp-
tion and synthesis. Physiological Research. 2009; 58(4):545-52.
[DOI:10.33549/physiolres.931515]

[31] Ngo Sock ET, Farahnak Z, Lavoie JM. Exercise training decreases
gene expression of endo-and xeno-sensors in rat small intestine. Ap-
plied Physiology, Nutrition, and Metabolism. 2014; 39(10):1098-103.
[DOI:10.1139/apnm-2013-0573]

[32] Rocco DD, Okuda LS, Pinto RS, Ferreira FD, Kubo SK, Nakandakare
ER, et al. Aerobic exercise improves reverse cholesterol transport
in cholesteryl ester transfer protein transgenic mice. Lipids. 2011;
46(7):617-25. [DOI:10.1007/s11745-011-3555-z] [PMID]

[33] Marinangeli CP, Varady KA, Jones PJ. Plant sterols combined with
exercise for the treatment of hypercholesterolemia: Overview of
independent and synergistic mechanisms of action. The Journal of
Nutritional Biochemistry. 2006; 17(4):217-24.[DOI:10.1016/j.jnut-
bi0.2005.09.003]

[34] Rashidlamir A, Ghanbari-Niaki A, Saadatnia A. The Effect of eight
weeks of wrestling and wrestling technique based circuit training on
lymphocyte ABCA1 gene expression and plasma apolipoprotein Al.
World Journal of Sport Sciences. 2011; 4(2):144-50. [Link]

[35] Degirolamo C, Sabba C, Moschetta A. Intestinal nuclear receptors
in HDL cholesterol metabolism. Journal of Lipid Research. 2015;
56(7):1262-70. [DOI:10.1194/jIr.R052704] [PMCID]

[36] Wang HH, Garruti G, Liu M, Portincasa P, Wang DQ. Cholesterol
and lipoprotein metabolism and atherosclerosis: Recent advances
in reverse cholesterol transport. Annals of Hepatology. 2017; 16(S
1):527-42.[D0I:10.5604/01.3001.0010.5495]

[37] Divine JK, Staloch LJ, Haveri H, Jacobsen CM, Wilson DB, Heikin-
heimo M, et al. GATA-4, GATA-5, and GATA-6 activate the rat liver
fatty acid binding protein gene in concert with HNF-1a. American
Journal of Physiology. Gastrointestinal and Liver Physiology. 2004;
287(5):G1086-99. [DOI:10.1152/ajpgi.00421.2003]

[38] Broderick TL, Parrott CR, Wang D, Jankowski M, Gutkowska J. Ex-
pression of cardiac GATA4 and downstream genes after exercise
training in the db/db mouse. Pathophysiology. 2012; 19(3):193-203.
[DOI:10.1016/j.pathophys.2012.06.001]

[39] Xiao J, Xu T, LiJ, Lv D, Chen P, Zhou Q, et al. Exercise-induced physi-
ological hypertrophy initiates activation of cardiac progenitor cells.
International Journal of Clinical and Experimental Pathology. 2014;
7(2):663-9. [PMID]

[40] Broderick TL, Wang D, Jankowski M, Gutkowska J. Unexpected ef-
fects of voluntary exercise training on natriuretic peptide and re-
ceptor mRNA expression in the ob/ob mouse heart. Regulatory Pep-
tides. 2014; 188:52-9.[DOI:10.1016/j.regpep.2013.12.005]

[41] Jafari M. [Effect of physical activity on prevention and treatment
of atherosclerosis: Focus on activity of ABCG5 and ABCG8 genes
(Persian)]. Journal of Gorgan University of Medical Sciences. 2019;
21(3):13-23. [Link]

[42] Coté |, Ngo Sock ET, Lévy E, Lavoie JM. An atherogenic diet decreas-
es liver FXR gene expression and causes severe hepatic steatosis and
hepatic cholesterol accumulation: Effect of endurance training. Eu-
ropean Journal of Nutrition. 2013; 52(5):1523-32. [DOI:10.1007/
s00394-012-0459-5]

[43] Ghanbari-Niaki A, Kookandeh NZ, Kookandeh AZ. ABCG5 gene
responses to treadmill running with or without administration of
Pistachio atlantica in female rats. Iranian Journal of Basic Medical
Sciences. 2014; 17(3):162-71. [doi:10.22038/ijbms.2014.2401]

Sadeghi Fazel F, et al. The Effect of Combined Training on ABCG5 and ABCG8 in CABG Patients. Intern Med Today. 2022; 28(3):398-411

July 2022. Vol 28. Issue 3

[44] Hosseini Sm, Darrudi S, Talebi K, Rashidlamir A. [Effect of hit and
aerobic exercises on ABCG4, ABCG5 and ABCGS8 gene expression
female athletes (Persian)]. International Sports Science Conference.
2017; (4). [Link]

[45] Taylor RS, Brown A, Ebrahim S, Jolliffe J, Noorani H, Rees K, et al.
Exercise-based rehabilitation for patients with coronary heart dis-
ease: Systematic review and meta-analysis of randomized controlled
trials. The American Journal of Medicine. 2004; 116(10):682-92.
[DOI:10.1016/j.amjmed.2004.01.009]



https://doi.org/10.33549/physiolres.931515
https://doi.org/10.1139/apnm-2013-0573
https://doi.org/10.1007/s11745-011-3555-z
https://www.ncbi.nlm.nih.gov/pubmed/21479674
https://doi.org/10.1016/j.jnutbio.2005.09.003
https://doi.org/10.1016/j.jnutbio.2005.09.003
https://doi.org/10.1194/jlr.R052704
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4479331
https://doi.org/10.5604/01.3001.0010.5495
https://doi.org/10.1152/ajpgi.00421.2003
https://doi.org/10.1016/j.pathophys.2012.06.001
https://pubmed.ncbi.nlm.nih.gov/24551287/
https://doi.org/10.1016/j.regpep.2013.12.005
https://goums.ac.ir/journal/article-1-3338-en.html
https://doi.org/10.1007/s00394-012-0459-5
https://doi.org/10.1007/s00394-012-0459-5
https://doi.org/10.22038/ijbms.2014.2401
https://www.sid.ir/paper/948692/en
https://doi.org/10.1016/j.amjmed.2004.01.009
http://dx.doi.org/10.32598/hms.28.3.3775.1
http://imtj.gmu.ac.ir/article-1-3858-en.html

This Page Intentionally Left Blank

[ 0T-2T-€20Z Uo J1rJenuwif: iw woJy papgeojumod ]

[ T'5..€€°82'swu/8652e 0T :10d |


http://dx.doi.org/10.32598/hms.28.3.3775.1
http://imtj.gmu.ac.ir/article-1-3858-en.html
http://www.tcpdf.org

