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Abstract

Background and Aim: Aging is often accompanied by inflammation and lipid abnormalities. This study
aimed at investigating the effects of endurance training combined with Citrus aurantium L.var. amara Engl.
(CAVAO) consumption on the lipid profile, intercellular adhesion molecules-1 (ICAM-1), and vascular cell
adhesion molecules-1 (VCAM-1) in aged Sprague-Dawley rats.

Methods: In this experimental study, 35 aged Sprague-Dawley rats were divided into 7 groups: high-intensity
interval training (HIIT), moderate-intensity continuous training (MICT), HIIT with CAVAO (HIIT+CA), MICT
with CAVAO (MICT+CA), CAVAO alone (CA) (300 mg/kg/day), control, and sham. Over eight weeks, HIIT
was conducted at 85-110% VO2max intensity, while MICT was performed at 65-75% VO2max intensity. Lipid
profiles were assessed using a kit, and ICAM-1 and VCAM-1 gene expressions were analyzed via RT-PCR.

Results: HIIT, MICT, HIIT+CA, MICT+CA, and CA resulted in a significant increase in HDL levels, with
HIIT showing the most pronounced effect (P<0.05). LDL decreased significantly in all groups except CA
(P<0.05). The HIIT+CA group exhibited a greater reduction in TG levels compared to the CA group. Cholesterol
levels decreased in the HIIT, MICT+CA, and CA groups, with the CA group demonstrating a more substantial
reduction than the HIIT and MICT+CA groups (P<0.05). VCAM-1 levels increased in all groups, while ICAM-1
levels decreased in all groups except HIIT+CA, where a more significant reduction in ICAM-1 was observed
compared to other groups (P<0.05).

Conclusion: The combination of endurance training interventions and CAVAO antioxidant supplementation
(HIIT, MICT, HIIT+CA, MICT+CA, CA) may offer cardiac protection against hyperlipidemia due to their
antihyperlipidemic effects. The interactive effect of HIIT+CA and MICT+CA appears to have a more favorable
impact on lipid profiles and ICAM-1 levels.
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Copyright© 2023. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and
build upon the material) under the Attribution-NonCommercial terms. Downloaded from: http://feyz.kaums.ac.ir/


http://dx.doi.org/10.48307/FMSJ.2023.27.6.619
mailto:saeed_keshavarz57@yahoo.com
https://www.ncbi.nlm.nih.gov/mesh/68018799
https://www.ncbi.nlm.nih.gov/mesh/68019010
https://www.ncbi.nlm.nih.gov/mesh/68019010
https://orcid.org/0000-0003-3086-1509
https://orcid.org/0000-0002-0913-3470
https://orcid.org/0000-0001-9122-3952
https://orcid.org/0000-0002-9520-1029
https://www.magiran.com/p2681403

download date: 2/24/2024

https://lwww.magiran.com/p2681403

3 (S 3 pgls e

VF+Y Wl 9 Ol F D)Lou;; JY 8,92
FI-FYA :Olxio

Doi: 10.48307/FMSJ.2023.27.6.619
g3 Juol

Citrus aurantium L.var.amara ) g,U,ls J5 & a0 U ol yod dolliw! o pod piU

-olbwe 990 9 (ICAM-1) V- Jshw s sl J9¥90 9 S Eyew 2 (Engl.
ol (Jg1555 ! 3155 21 yom0 s pige 45 (VCAM-1) V- 8 ys pm

R XT KVWESPLRS SOWESN PR WAL IS I W R VEWOPR L L P PR Une

Ol bl s oMl 3151 ol8iily bl L dsly ¢ o559 pole 5 (Sh Can )i 09,5

Ol g po o oMl 131 olKiisly ccasng po dnly ¢ 559 (S59lg b 09,5"

WY e o pdy VYV e 2ol AFLYYIYY tdlie CdL s

NN

csiolial oy pe3 y3U e Gimg s cpl s Ll olpen ed oy INB] 5 Gl (55 b Kl e saialls 1AAD g o
Sy Sl JalssS il 315 ulyeo sl b > VCAM-1 5 ICAM-1 «siued #3055 25)55ke U5 Gy b olyan

b 29l 203 1 2B D 0g ) V53 (ol yoboay ( JelagSTyul Sl o Sige s YO (25 adllas ol )3 1y,
Bl 5 Laosie 33 b (o5 50,05 (CAVHIIT) g0 5 205 (515 3305 {MICT) ogio o053 s (gagl (505 {HIIT)
—A0%vo2max i b HIIT wién A e )3 il Gawass S ¢ aalis (mg/kg/day Y- +) (CA) @,k (CA+MICT)
A5 (6 Sejls) RT-PCR 3,

cails 1y 56 i HIIT o 505 HDL s ise Litl33l e CA g CA+MICT (CA+HIIT MICT HIT :laadl
09,5 44 s 6yt ,ialS CAHHIIT 0,5 ;3 TG .(P<+/+0) cusls 615 ine ,20lS CA oo laog,S oo ;5 LDL .(P<+/-0)
s HIIT (slaog,S 5l e CA 05,5 5 jidlS ol o <l jials CA CA+MICT HIT claog,S ;3 Jopuls .cails CA
@uils il CA+HIT jomy Wog)S ooled 55 ICAM-1 5 Lilsél bog,S oles ,3 VCAM-1 .(P<-/8) 3¢ CA+MICT
(P<e/+0) cudls ICAM-1 ialS 5 laog,S 1505 &) o (65200 535 CA+HIIT

(CA CA+MICT (CA+HIIT MICT HIIT) 5,5,k J5 lopuSl il JoSo 5 (s5)ps culled dilin &y 2 S doeis

saiallo ol V= B pe ooy JsUs0 A= Jsbu ol JsSlse s Eomss 56 e 10031905

saced_keshavarz57@yahoo.com g Sl iy gl st 2 Jgtuns 0wy 55°
Oyl bl s oMl 3151 ol8iily bl iz anly ¢ 559 pole 5 (S Can s 09,5 1w ]


http://dx.doi.org/10.48307/FMSJ.2023.27.6.619
mailto:saeed_keshavarz57@yahoo.com
mailto:saeed_keshavarz57@yahoo.com
https://orcid.org/0000-0003-3086-1509
https://orcid.org/0000-0002-0913-3470
https://orcid.org/0000-0001-9122-3952
https://orcid.org/0000-0002-9520-1029
https://www.magiran.com/p2681403

download date: 2/24/2024

https://lwww.magiran.com/p2681403

YV IVCAM-1 g ICAM-1 «onnd #ons 3 0,5,k 9 (olitl oy yo5 b

Gk ) g blic 5 lie cla oo [IY] Cuol 00 03938l
o il 5l g 8IS (o0 3B (32 (59 2 odme GlapaslSee
ooyl 3 [NF] S o i |y (2 sl g Cgm g Ol
2 byl (Citrus) ol e lalsS glaplul 51 fols calises
Bzl o> s BE 3, ol st b 5 liE iy
Citrus aurantium _ole pb b g0 )b «olS o sladiss 51 SO
iy oolitwl Dyge Cuewd .M5L o Rutaceae odlgls 5l L.
bl (Kon &8 Cusl )6 Ol g 0300 gy (4555) IS <)
€53 SradgSis Jold )bl et (2913 5 2138 ol5>
Seigdom BT ol o)l (Slgld Sloys Juiliy o V0] el 5,
(8 3Sbad oyt il b s JBT ol Sley>
yols Limgh 1 [V canl cobdds 5 pgews 283 oylawS] 5l
Oldllas I gl dlass s ool g0,b,ly olS S bl |
Eoms 0kimd dgp 5 ledlis (lanS| Bl el !
oS Sl cl g egde exlosly las 1y @0,bykee
39 ol b el odd (Byme (09h 4 (oMo (Slolil
Eomss 2320 3 T 5 olital 3ye5 8 oo sl
oxdi ool o )b Sl e classe 5 i
soliiwl (4ol y3l pusd Baa b ol ddllas 4y (pl Il
ICAM-T o) &y 32 @)biledS Spae L ol
Lollw (JgbeSlpml 25 o sl yose ;3 VCAM-1

A bl

s,

b ol oole olymo (yoge g YO ¢ )00 ddlllas oyl jo
Sl )YV VY. 59 03g9a5e 5 0l VY i (ke
238 (gl pyed i ald (U0 0g)S Y > (Bolad b
315 (52505 (MICT) Lnogio &35 b oglts 3,05 (HIIT)
b b egls oy ped (CAFHIIT) g0 )byleg Bpuao g 1
Sl Srae (CAMICT) &5,k Spae 5 bwgie
=095 Wil yanass S 09,5 g (rlle Jloy) 2ali (CA)
plail 5l sxy celo K CA § CA+MICT CA+HIT (¢l
Sgyuum 0,lae mg/kg/day Yo+ Slaw & ysods 5 Sl el
(o Ve colo Madrar jom ain )3 35, £) 5,0k oSS
LIV] 3,8 cdl o

s il 0 &S D Gy iy MICT o HIIT (505
A b aBo Y Gde 4 hed ol 0,8 5,5 dls g s
ZAD o L HIIT (laog)S ol JUid 4 3gs aids )3 yie Ve
5o ¥V s yus 5 (5lAdB3 V WY Jslee VO2max 74+ b
VO sy g 0 F L b lg i) o Jd colyiwl 5 adds
Lwgio yiol38l b by 05 4 waly plool ¢ Jol atam j5 4dds/ e
[ yio DOCs poo b (gladd V (o Ve &y aian o 4y yio ¥
VWA L b colpul g VO2max /) Ve ©oud aids

o

LV RUP

s g i (yajo Ol (508 L Ygose (stiallio (]9
S39pl alpd Sl ol sl oyen o2 jlo 5 CEgw
Sy ) (CVDs) (Bgyem ol slagsslon 13l (olacs)low
cle (pyiere (CVD) (Bgpemold ilow [N-V] WS
ol ol glilas Jelge sl (o pulipw 3 o 5 Sy
o el 9 Camiz o W)ke )low
oy ool 5w Gl (Bgye Sl g JULligl 3 Slas
clas [F] 5> @908 CVDs I g,Sgle sl ol oloyd
AU L g8 (Stwser 9 Cunl CVD 95 0 il ol
3)15 (CAMS) Jsho (Sainus slaJsse 1ilo (B9 Sl
ke a3l plgis s 8 8L ) Glus o sse (e (0]
Jsg0 [F] 39)000 Jlosh 42 9,8 G0 (S8 jlas 2]
—B9reom ol Jo9e 9 (ICAM-1) V= Jsloprn e
57 5 [0] WS JWb 1) Cldl anls (VCAM-T)
Slos Al il jad b dison (Bgje ol (sla Silis
[V] s (553958 (18

Ol b (Kbl ol olyon (Sl b (65 ) stells
Thy g 3)Ses 3 i @ Fl ) o4 (Sgdnd (ool
P By Ol bl BB e Glaogeyen
Sl 4 Ml (oyme 3 1) 4l (U iz slagygeysn
B R glglen g (Bopem( B YIS (Sl
dunlio ) ¢ Sl 3l B lyed jo U5 ;3 CVDs [AQ] a0
b dwolio ;> 065 53 )l (a8 Eond andly U5 9 o3y b
B Ghes 2 s w3 &) o O A Iy
L shazdls blbs @l ggptl YU slacdalé sl
$9) 2 Oyl (adloe ST (Sudl (9 )3 ()39 il S
2 OIMEL b pialS (Bgjem ol w9 B L
Axis 1) )8 9 0391 (Sl hed 2)lse Sl (22 medplie
2 e b (Sl Son (Folear [V a8 o ol slaslon:
Jub s Gl g ol Jelge Gl (o2 s
Sglie Gb) (mgisy 1 JHST 4 pxie (ROS) 5euS]
lindgige il dowy 4 005 Jlb LS ugp po ]
gty 01d Jld LS po5 (oS0 05 9 (AMPK) (5l
Ear5 b yal el slsl 3 g 0nd (PGCT-a) Wl V=gt puiSlos
AL 23,5 o ol o (8 (sloslon: 92 5 s5iase]

ot g Slowe (590 sl Gite ISl
«wijye V] diwd diallo (U5 ;3 CVDs (gly 1 ylas Jolgs
0Pz oo aw i 4 5 and e (il ] CVD jlas
S L Slgie iy [IV] W80 SaS Sl il g
290 CVDs jlad (falf 4 ocie (5 Cldl 3 155 Jelge
5 Sl LI Cuenl 4 L8l sl s Sk I [F]
€CVDs plo g oulyd cdai plop ¢y e 236 5,

Feyz Med Sci J 2023, Vol. 27, No. 6


https://www.magiran.com/p2681403

download date: 2/24/2024

https://lwww.magiran.com/p2681403

OSen g0l 2y [ FYY

(CD10  5°-

6) TGAACTGATTATCCAAGGCT
CTTC -3’
Reverse: 5’-
TCCATATTTCGGGCACACTT
C-3’

A Ol Ve

Hollom sladeallyguns 9 (18 Cole) b (dpe3 SS9
plool | Sipls osnles g olityloj] g 5l o3litul g cudl o
»» IRTAUM.REC.1400.003 M1 5 | Lingss ol 05
Al Cddg e doly oMol 131 oSl

odly oo g as 500

Shgmgmls goil J loedls @jgr o292 Jloyp s sl
0903l 9 46,y (il s 5l leeg S oy dumlio (ol
SPSS 58l o5 3l oolaiwl b odel Cowd 4y zols .ab ooldiw] (S'e5
ab ) a5 P <e/od ol gyl xe prlaw g b Julos VY aseus

=W

TG plie o 2 plis a8bSy (uibly s b
(F=VIN-Y g P=2/) Jg sl (FEYV/AA 4 P=-/- 1))
5 P=-/--)) HDL (F=3/a¥a , P=-/..)) LDL
VCAM- 4 (F=Y\/Y+0 s P=+/+-)) ICAM-1 (F=4/avA
©oglis adllae 3,90 (slmog)S > (F=SIY-F o P=2/o01) 1
Ol (S5 (o p9e)] @l (PS+/+0) 3, 2929 (5 loline
HDL (P=+/++3) Jg S 50 55 (gl sizo CaMs a8 0l
(P=+/-Y) VCAM-1 4 (P=-/++1) ICAM-1 (P=-/--))
TG Glie > Jo s 2929 als 5 S8 055 93 o
10l 5 U555 09,8 45 o (P=+/+0F) LDL 4 (P=-/aV5)
210 2959 (gl me OS]

5 (M=0¥/+-) CA loogS » TG oy g
ls ooy S 5 5 il (M=$d/--) CA+HIIT
5 (M=3¥/55) CA+MICT (M=%)/--) HIIT (M=V5/55)
s 8l L2338 09,5 &) Casnd (M=10Y/+ ) MICT
10l (M=FAIYY) 55 claog)S 5 (P=+/+)) TG Loy
(M=f/55) CA+MICT (M=0¥/--) CA (M=V5/55)
&oisixe ysbods (M=)/+ + ) HIIT 4 (M=50/- - ) CA+HIIT
CA o555 » o (M=V2V/++) MICT o535 I gcmb
o8 (M=Y/++ gP=-/- -¥)HIIT 4(M=¥/s5 yP=-/--))
3 pomb lddne jebay (M=5£0/++) CA+HIIT 0,5 ;> o
() JS5) 393 (M=A¥/55 o P=-+/-Y$) CA+MICT o5 5

HIIT (M=50/YY) CA (cloog)S 1> JgyiandS oyes peaus
lbog)S )3 5 LinlS (M=5/55) CA+MICT (M=5V/- -)

i i )3 488y o YO sy b (o lg pi) () (slaids
) 055 oS oo T Jals HIIT S il 3
) (90) s 1 ) sla S5 ol epes (e
Sy 5 (gl o o (514855 Y Jlab Ll 0)93 S ol pe
Jolee 45 VO2max £07 MICT S5gy 390 (485 B) 3,5
9 Mb goyd Jol atin 13 488> VO loj g e/ pto Ve sy
oloj 5 VO2max /0 ol by yio YO sy 4y by 5
o dy (3)5 )5 (3200 £9pb sy s i )3 4455 T
Spw g o VO ol L ad B0 Y g 48D 0 o Ve Cub Laad Y
b b adBa Y g amdd ) e VO i L dddy ) Gde 4y )8
D] sy bl & 35 53 o \-

el Vo cls )3 g e ands cp 315l e cel FA
calo mg/g Yo opiebly o mg/g 80 elS b e, okl
o Al o & (S 0B 5 B0 horen il luldl] eS8y
S Gyl 5l alyme lagbae o (Bgns I Glizebl ]
el g olo lajige (biiS i Ly gejl
by il a8 4S5 4 Ly i Al JlS
3 g abolDl 5 2535 gl sl €85 4 oyl panasito
oy LogssSee o Jloy b 9l 5 Cond 5 (njy
gt o s e (1 35 S €3l 208
im OloluBl Cpn g b e —Ar glod 4 3l OB yd (459
S Jite JsSse Jolo olSitoloil 4

oS ) oslizl L LDL 4 HDL (gl TG polio
VT o553 g 3 ol 95 s el oy 53
Glbs ol o b (s ySojls] l3 9 Lo Hitachi
RT-PCR g, ;| odlizwl L VCAM-1 5 ICAM-I
el o3al V' Jgdn 53 s yeulp Can A5 (6 5050

dslllas Q.;J PR odlésiwl Lgl.m).o.il),: | \Jg.\é

Sizes

Genes Primer Sequences
d (bp)

Forward:
5’-
B2m CGTGCTTGCCATTCAGAAA - 244

37

Reverse:

5’-

ATATACATCGGTCTCGGTGG

-3’

ICAM- 15:?_rward:

1 110
(CD54) TTCAAGCTGAGCGACATTG

G-3

Reverse:

5
CGCTCTGGGAACGAATACA
CA -3’

Forward: 122

VCAM

V¥ Y Wbl g Crok o 0 lowd YV 5,90 Qaud (S psle dlee


https://www.magiran.com/p2681403

download date: 2/24/2024

https://lwww.magiran.com/p2681403

¥ IVCAM-1 4 ICAM-1 «oand ¢oms 32 0,5,k 9 (olitl o yo5 b

09,5 J1 SYL )b sbar (M=YYYY 5 P=-/-.¥)
(F JS3) 595 (M=Y¥/+ ) CA+HIIT

(M=+/¥$) CA+HIIT o5,5 ;3 ICAM-1 5 ol olsee
(M=1/-Y) CA (M=V/+-0) HIIT (laog)S 5 5 Lials
wls  (M=\/fa) CA+MICT (M=\/ff) MICT
8L Gall M=V ) J5aS 098 4 s (M=V/VA)
5 P=o/o)) CA (laogs 5 ICAM-1 5 ol oliee
HIT 5 (M=-/¥$ 5 P=+/--\) CA+HIIT (M=)/-Y
ald 05,5 5l Fomb s lbsne ysbar (M=V/+ e g P=2/- )
(M=+/¥$ 4 P=+/+.Y) CA+HIIT 55,5 ;5 o391 (M=)/VA)
HIIT 5 (M=V/++) a8 sloog)S 5l 5ol oldsine ssbas
g P=+/+)) CA+HIIT 058 )5 pizmed 5 {(M=V/+2)
CA laogs 5l Jomb @ibiime sba (M=-/¥
g (M=)/¥¥) MICT (M=1/¥3) CA+MICT (M=\/-V)
3 Bl s fsisine ssbts M=+ 5 P [-YE) HIIT 058
CA+MICT 055 g (M=)/¥R) CA+MICT o5,5
JrsS 09,5 5 3Vl ()b sine ysboar (M=V/¥R g P=-/-YY)
8 JS) 33, (M=)

CA+HIT (cloogS ;5 VCAM-1 o5 oo ol
(M=Y/¥¥) HIT (M=\/YA) CA+ MICT(M=\/-\)
o (M=¥/0) CA « (M=¥/\¥) 1ol (M=Y/+8) MICT
0F ol Ol 8l Gl (M=Vee) S 098 &
- e ysbods (M=¥/04 4 P=+/-+Y) CA 55,5 ;> VCAM-1
CA+ HIITsg)S j> g (M=V/++) 8 095 51 YL (g
g P=o/oV) sals 09,5 jl 5omb sl sine ysboas (M=)/10)
co5S > o (M=¥/DA 5 P=-/--Y) CA o (M=/¥
ol &yime ysbas (M=VIVA 4 P=+/-Y5) CA+MICT

(5 JS3) 56 (M=¥/0%) CA 055 §

TG (mg/dl)
* >

< ™

G868 g
(L] BBB aaa §
II §§§ |
I

wls 5 (M=YE/YY) MICT (M=V¥/s5) CA+HIIT
o g 8L SRl S 09,5 4 Cuns (M=AVAYY)
(M5OI 5 P=ofee)) CA laogS 5 gyl
P=:/++Y) CA+MICT (M=YY/s5 g P=+/-.0) CA+HIIT
MICT 4 (M=$V/-+ 4 P=+/--\) HIIT (M=s3/55 ,
s0li 09,5 5l Jomb s sme sgbas (M=VENY 9 P=-/215)
(V JS5) 29
(M=Y\'Y) HIT (slaosS ;5 LDL oy e
CA+MICT , (M=Y¥/$5) MICT (M=Y\/¥¥) CA+HIIT
s o (M=YV/¥Y) CA sleog)S 5 5 Lials (M=YF/55)
o gaw 28l Gl S 0g)S &) Cuns (M=YANY)
(M=Y\/¥¥ 5 P=-/--\) CA+HIIT sloogS ,LDL
5 P=+/+-\) MICT (M=Yf/s5 4 P=+/--\) CA+MICT
& sixe sgbods (M=YVSY 4 P=+/- - \)HIIT 4 (M=Y¥/55
CA+HIIT claog S )3 g (M=YANY) 0l 06,8 1 5ol
5 (M=YV/¥Y , P=+/-\A) HIIT 5 (M=Y\/¥Y 5 P=+/-\A)

w
(M=Y¥/+ ) CA+HIIT (slaog,S )5 HDL oy gdaus

CA+ MICT (M=Y4/-.) MICT (M=Y%/.-) CA
45 Copms (M=¥5/+ <) ol (M=YY/¥Y) HIIT (M=YY/--)
P HDL (o s .y o3l (M=YYTe ) ]S 09,5
HIT o (M=Y\/-+ 5 P=+/-\) CA+MICT (slnog,s
J5S 09)5 3l 5V ()l se psboas (M=YYIYY g P=-/--3)
5 (M=Y4/-+ g P=+/-Y0) CA cslaog,s ,> (M=YY/- )
5 P=+/-¥d) MICT , (M=Y¥/++ 4 P=-/-+\) CA+HIIT
(M=YF[ e ) a2l 095 5| 5l ) sie ysboss (M=YA/ -+
HIT o (M=Y\/++ g P=+/-Yd) CA+MICT (claog,S

G868 gpp

®m Control ® Sham = CA = HIIT+CA mMICT+CA =mHIIT mMICT

05;‘/ LngCA) » TG (O ul)...w .\J&w
(P<e/o03) waw 3 MICT 095 4y s loline j2lS BRE
(P<e/e oY) o s HIIT 04,8 4y cons jblize yials @@
(P<e1o¥8) g (P<e/+Y) o 3 ity CA+MICT 09,8 4 s bz 20lS § §8§§

Feyz Med Sci J 2023, Vol. 27, No. 6


https://www.magiran.com/p2681403

download date: 2/24/2024

https://lwww.magiran.com/p2681403

OWlSen g0l xm, [ FYF

(mg/dl) Jsyds

Y.

*

~

nd

H
Hih #
II 1 iil

m Control ®Sham mCA = HIIT+CA mMICT+CA ®=HIIT mMICT

HDL (mg/dl)

LDL (mg/dl)

09,5V Slocs) )3 Jo S go s Slyes Y JSAS

AP+ +0) P<e1N8) (P<e/- ) grbans > iy ShAM &) s Jblins inls # HH HHHH

£d
&

(-4

W #aR R #
Wy Wy
| I

u Control ®Sham = CA = HIIT+CA mMICT+CA mHIIT mMICT

(-4

05)§V dLhC)) » LDL (P Q‘)ﬁ.gu .‘M lsﬂs
(P<Sele4)) waw j> Sham & cons jbolixe j2alS #HE
(P<AT0A) aws 13 CA & s jbline inlS ¥¥¥

©00

©0O0
©0 ee€
€
Tt
I |

m Control ®Sham =CA = HIIT+CA s MICT+CA = HIIT mMICT

55;\/ L;LQQ) )bHDL (o ul).uuu .fJS-w

(P<eo0) 5 (P<el)) w5 it J58 09,8 0 i jblias Lol 33l ©© LOOO©

(P<e1oxd g P<e/e o) aws > o sy Sham & e Jhlias ials 1 g T

(P<-1ox g P<e/eo¥) aw 53 oy CAFHIIT & s Joline 21381 € £€€

VFeY ..\M‘,Mc? b)lms JY 8,9

b Sy e aove


https://www.magiran.com/p2681403

download date: 2/24/2024

https://lwww.magiran.com/p2681403

Y0 [IVCAM-1 5 ICAM-1 (sucd )0 2 255500 5 (ol o ye5 136

2
3 1.5
;
4
é 0.5

E Control ® Sham = CA = HIIT+CA ® MICT+CA = HIIT m MICT

©0O
©
it
#0500 §
©0O
333
Hith
§8§

095 ¥V sy yo ICAM-1 5oy Oyt .ON
(P<Sele4)) waw j> Sham & cous jolixe 2l #HE
P/ +¥) aw > HIIT 655 &y cnd oline s2als 000
(P</+ 1) gaw 13 MICT 3 CA & cas olins 2als 333

(P /¥E g P<e/e o) s 3 ity CA+MICT o5 4 s Jbline 20l § §§§

AP/ o¥) o )3 JyiS 05,5 & i olins 2aSOO g (P<-/o¥Y g P<e/e o)) aws )3 iy JyiS 0g)5 4 i jholins Lol ©. O OO

L4

[}

-

-

VCAM-1 (s obe)
-+

£
£££ .'I

u Control ® Sham = CA = HIIT+CA s MICT+CA =HIIT s MICT

09,5V slacsy ;3 VCAM-1 o por ol puis S JSWS
(P</4)) aw p> sham & cuws Jolize ials L1
(P<elo) g Pefen¥) o 13 ity J55S 09,5 4 Capms joline ]38l @O @@
(P /oveg P o¥) w3 iyt CA & cons jhlise alS ££ £££

90 T2DM ke 13 RT L HIIT oo 5 a5 izl ,lls)
c3lSHDL 3 TG 55y » 55 bl a3 LDL § TC zals
Ooped dian A o )Sen g Ouerghi  adlles jd yioren [YY]
s> e 3 LDL o JoyiudS TG alS 4 yoxie HIIT
Szl ¥s 5 [Y+] csls HDL (g5, 5 ol bl i sls
SSap 0 oty & (g o calisre Ollllas jo lMs] -yl
il 3)50 (5 ySo3lul ST (lyyad £95 g (S yed
9 OYLS)5 lprg «S395) (g 03) 3y0 b (1)) Copmi
(S5 b ey ludl) ookl 3)90 (sl 539051 45 y> OIS ((iallio
08558 Olddss )> diged Sl olisd g diges por> > BV
55 oyl
3955 9 lSly il b baye (ol (595250857 punlSo
ol 5153408 LDL S 0o 4y geoly 3 ol celo S sisls
el 9 0284 TLDL (fdlS o laie (03559 Sl yod
oialS el LDL jials [YYVY] 20 o ol iy slo

-

CA s CA+HIIT (slaog,S 13 TG gslaw yobs ingl o

HIIT (glaog)S > Joyuals b lis 1) (gybliae ials
~09)5 3 LDL ol oLt |, (g okias 2alS CA § CA+MICT
uils CA+MICT 4 CA+HIT MICT HIT s
MICT HIT 05,5 & 2 > picrod b ol 1y (gjlolise
oy sk B ixe Liglsél CA y CA+MICT (CA+HIIT
s (g e 551 ol b gl ) 13 3135 HDL
g Zanetti .Cuol [Y+YY] guoal S5 (S b g [VANY]
£ inglin (s 48 VY Sl 45 53,5 S oS
5l Ll HDL 4 yialS oy 65 09,5 LDL 4 TG ¢ g pudS
&S 1605 o)liS 5 o Ken 9 Bakheet (yises [V4]
TG jhline jials & e (Jaglie g (plapmg Ol yes
s alald b aiedls oy ;o HDL jisl58l g LDL ¢ g yiudS
Ol)en g Magalhdes ,S5> 8,k il .[VV] wo,8 Jlu Ve b5

Feyz Med Sci J 2023, Vol. 27, No. 6


https://www.magiran.com/p2681403

download date: 2/24/2024

https://lwww.magiran.com/p2681403

OHSen g0l am, [ £YF

[YV] cul ol yor VCAM-1  ICAM-1 i ;|

JWs & VCAM-1 ials oS wleals olis )55 oldllas
e jop HDL-C (a3l (o ) canl (e (03559 colled
Glo aliae celo sk 5 aSpmbiass 3 (£5l03lj] s HDL-C
~Jsge (1ol 5 (S oo Jlae el 93,5 0 B9y o)l
VCAM- jials )5 Jin! pudlSo 208 o oyl o
LDL .13l oo LDL gshaw (ol (03559 <l Jls 4 1
23 e il ) VCAM-1 6aiS sJg5 TNF-0t o0y spuS]
Sl s o sl GBSt o 5o bl I ol
sl 3gye JWgnl Joho (oUly o0 348 TLDL spdginnd
DY) s o il sl dawly 4 VCAM-1 5
G 5 (Silia S5 nlS b lite a5 (yipan
I 1B el il ol (ledlas (sloyS sl
, VCAM-1 cbale o] Jlises g e Yoo (23 <l
e Cunl San Sl sla ile LialS pas amd o ials
85 yd Yleis! 9 [YV] 23,8 VCAM-1 polaw jialS pas 4
10355 My 2alS” (5559 31 e 2l sla obe ol pol
adlllo 3,90 (sloog S poles 1> HDL-C eSilay doil cyiopad
) LogS wolad ;> LDL 5 Jalise (y2oljdl jols gudos )
oo Yl Jopl b ol lis 1y jlolize jials (CA 69,5 5o
390 9 hhyg e olo) Gl g DAD inen g Gl
lne Al (sl gl cnl y 03litnl 3)90 JoSo (5o
el 6395 35 VCAM-1 g

iyl mas b wlgie (alS ity ol
5 S @55y e ssba ) Sl (bl slagnlgnle
sl 38 slaglon sl 9> Olgisar oanl 53 59500 ]
oS Luill s clled [¥V] 0,5 )5 oslizul 300
(Citrus aurantium L. var. amara Engl.) z,b,k
1351 5 &y a5y o) 25 Sty (CAVAO)
Ogedd st =0 (Jgid [IV] sl 02 (L oy 25
Jolld [¥Y 0 | sizn CAVAO ol oS 5 bl )
99 NF-kB P65 sl o pw b 1) oldl oM Llg o
35 1 KB 5 IKK. (bl g cyiopan o3 ol i
03,8 o)l8 g 50 o) Ked o Shen [YV] i o 3gdue
ol o 5 3055 (5 blaa bty (1g/mL Y0+) CAVAO o
L) 5 (IL-1B) B (TNF-t) @ NO) e 5 181 (slos
o (psiomen CAVAO aiSee oo |y NF-KB (yuima ¢ (6
LIV] ol (2als (615 (e gl 1) COX-2 (3595 9 0 Ol
(HFD) ya ps (olde a3y aS 253,5 5)155 o)) )Ken g Samar
JoyudS jls gme yuals el (o3 ¥ 5 V/0) CA ol o 4
&l _jsge pyw 3 HDL-C Joline Lil3l 3 LDL-C TG (b
2 e VY] 395 0 Y 09,5 13 ol opl &S Al olyo
cely (OrAP) @b Cuss o9 o)Sen 9 Osfor ings

L ey slosSse s il > o 350 o TNF
LPL (sjlga (a9 [Y0] sl S50 bl il3dl 51 (S5l
«wl Jl> HDL S5 ,» &5 1y (Lipoprotein Lipase)
05> HDL jlide &y o alisee Jolge [YY] d2d o Lil3d)
(2 123 i 4 o5 o byl ales 10105 e 515l 3]
5l U HDL ol5al [Y2] 5,8 o)Ll Sy culled St g ot
alae sl oo I ulSolubiog yy (lale) el ()59 Sl o
OBl g LS geod jl 6ol 4 &S 9500 B9y Slo
V0] w8 oo S8 Gl slaJ5Sse
Gl iz ysb 4 1y ICAM-1 55 by oljee CA+HIIT
g [YYYA] i Slalllas 53 ol b adly oploly ol
Dgr [N ] guedl opuiy ldlles 51 K5 Sp by
Onped & VF oSt Wby ol ol Kea ¢ Linares-Segovia
Sl ko Ve b5y ol b cdian (D 5oy O B> e) e
5 ICAM-1 LDL bt yolis [ialS el (B olys
O by Glalllas (sladidly j> @gles [YA] us VCAM-1
SSSg iz (G2g0jl i g g5 5> Sglis S b
Oy 3 bl (345 093 Jsbo b iy el e g 0D ¢ oS
C g Syl O]ang) S 4 Connd b0 2 e dd (5 jlgn
Cusl @Sl J (S (22 S8l (2 g 29800 485 ) 4
Gl 13 mn &5 oot ol > el sl SIS e 5 45
95 Rl slaygsh a5 el 4 Cogw e 4 oy
s b e Collad 30 o o0 ICAM-1 tnlS iyl
il Sl 225 b 5 05 TNFot 455 ials s 3L
sl mdy Gl dadly & glee b
e bl Gl oy hals g0 S0 Skl
4 005 NF-KB alox 5| sloss clodlaly gloln, ials
"l (I sk 4 [YV] L8l Sge Ll a3 Sl
Slgie biys Slapd 2l (o 2 ICAM-T el gla
Oluds J1SG g Gte il ((bjye Culld Hlade 4y dtul
Al (5 ye
ICAM- 5 ol olie ialS o oS CA+HIIT 3> &
rob Gingh 3 adllae 3)90 G JSSg 0 9 laog)S (ales erd 1
bzl ol sl 5lis |, VCAM-T 4 ICAM-1 238l
adllas gl | 5 gunanl [YA YA YV 0] 42535 cliios gl ;]
Stromberg aslllas ;5 355 g [Y+] o], Se o Stromberg
ICAM- ()7 93 3 b by Pl 5l g sl ¥ ) en
[re] cdl il mRNA gaw ,» VCAM-1 4 1
3929 Olma ladsge olo GRlBl » (i Sl
U5 NE-KB dauly & 5 J5Slge 5 Jooo 121,8 [¥+] 3
2wl VCAM-1 5 ICAM-1 aas 5 alauly NF-KB 355 o
4 ke wlgi o il yobo 4 S o (B B9k (Sl yne
o) ol oRIPI L coles 3 &5 We8 NF-KB (05 Jl

V¥ Y Wbl g Crok o 0 lowd YV 5,90 Qaud (S psle dlee


https://www.magiran.com/p2681403

download date: 2/24/2024

https://lwww.magiran.com/p2681403

YW IVCAM-1 4 ICAM-1 «cand #ons 3 0,5,k 9 (olitl oy yo5 b

2 &site 556 CA+MICT 5 CA+HIIT _lols 5l fus) o0
oS sy aias 1) )5 ICAM-1 5 (shussd o iy

w38l o Ol 3l cusl (Seo CAHMICT CAHHIIT S 5
Ol 1 dawly 45 ol Sow 3 CATHIIT coSy5 aiils ol pon

2 abled Coles Oledl blie > I8 el 5l ags Sldlis
OlaS 5l gl Cals g sl 3 ls mrens sl 2>

Gl (g i Slalllas &y L5 o

25 55555 glaie alluy Jols i ) 2 1,08 g 1SS
Sl g ol gxSoe (9l g (B9 SiPpid ALd)
ol (Slojlw

Alie adgl (5,55 ;5 (B duns ded 1T N g3 (i

ple Alin log 35 | b 5 9y it ol 6,k L

LS 4565 gud 45 WS s pu gl BN 5 12800 SLT
2,0 299 ol adllas jo adlis

&be
1. Hopkin S, Lord J, Chimen M. Dysregulation of
leukocyte trafficking in ageing: Causal factors and
possible corrective therapies. Pharmacological Res
2021;163:105323 doi:10.1016/j.phrs.2020.105323
PMid:33276099

2. Chung KW. Advances in Understanding of the Role
of Lipid Metabolism in Aging. Cells 2021; 10 (4):880
doi:10.3390/cells 10040880 PMid:33924316
PMCid:PMC8068994

3. Salminen A. Increased immunosuppression impairs
tissue homeostasis with aging and age-related diseases.
J Mol Med 2020:1-20 doi:10.1007/s00109-020-01988-
7 PMid:33025106 PMCid:PMC7782450

4. Qin S, Huang L, Gong J, Shen S, Huang J, Ren H, Hu
H. Efficacy and safety of turmeric and curcumin in
lowering blood lipid levels in patients with
cardiovascular risk factors: a meta-analysis of
randomized controlled trials. Nutr J 2017;16(1):1-10
doi:10.1186/s12937-017-0293-y PMid:29020971
PMCid:PMC5637251

5. Park J, Willoughby DS, Song JJ, Leutholtz BC, Koh
Y. Exercise-induced changes in stress hormones and
cell adhesion molecules in obese men. J Inflammation
Res 2018;11:69 doi:10.2147/JIR.S158294
PMid:29535548 PMCid:PMC5836718

6. Asad M, Sistani M, Barzegari A. The effect of eight
weeks of continuous endurance training on I[CAM-1 and
VCAM-1 expression in the heart tissue of rats. J Babol
Univ Med Sci 2019;21(1):230-6.

7. Ryan AS, Li G, Hafer-Macko C, Ivey FM. Resistive
training and molecular regulators of vascular-metabolic
risk in chronic stroke. J Stroke Cerebrovasc Dis. 2017;
26(5): 962-8.
doi:10.1016/j.jstrokecerebrovasdis.2016.11.003
PMid:27955950 PMCid:PMC5409877

8. Hasanzadeh Dolatabadi F, Jalali Dehkordi K, Taghian

Uil 9 LDL-C TG b JgyuudS oiine tals

59> 4 dtaly JSB 4 (nSgy g Otewnd (olST 550 ke
Jals 09,5 b dwslio > HepG2 sla Jolw o I, LDL Gis

G d g )hliae ysb 4 (19) 5 stewsd coielST g0
a [¥o] wob Liall kwdly 1) LDL-C 4 TG TC golow
L lie Wy 1) CAVAO Juwly laadl ol o S ok

Ol ot pola loyd 5 (6puSin lp (2 Slos (slagls

@35 S8 g xSl pas ingh nl slacudgis

ey gycnl S 9 nyes sl Job > (Brae G5l

dlie izzan g 3)lse cnl 4 0a] (glatimgdy )0 295 e
Do By (63,5 Gl el )50 (laogus

S 5 4l
CA+HIIT MICT HIIT) @)L‘»)bga Jf u’lm‘u“j [oSo
o)yl 51 3l abawlg 4 cowl San (CA CA+MICT

F, Hoseini S. The effect of eight weeks of aerobic
training with Propolis on some mitochondrial
biogenesis markers in cardiac tissue of ovariectomized
diabetic rats. Armaghane Danesh. 2022; 27(2): 655-92
doi:10.52547/armaghanj.27.2.155

9. Salehi Rad E, mousavi sadati sk. The effect of 8
weeks of Pilates exercises on old menopausal women's
psychological —health. J Res Sport Rehabil
2023;10(20):41-9.

10. Nasirzadeh MR, Nourazar A, Khayat Nouri MH,
Roshangar L. The Effect of Methanolic Soy Extract on
Heart Tissue Changes in Ovariectomized Rats. J Ardabil
Univ Med Sci 2012; 12(1): 97-105.

11. Leitdo L, Marocolo M, de Souza HL, Arriel RA,
Vieira JG, Mazini M, et al. Multicomponent Exercise
Program for Improvement of Functional Capacity and
Lipidic Profile of Older Women with High Cholesterol
and High Triglycerides. Int J Environ Res Public Health
2021;18(20):10731 doi:10.3390/ijerph182010731
PMid:34682474 PMCid:PMC8535711

12. Mirzaei M. Comparison of the effect of emotional
intelligence training and yoga exercises on social
anxiety of women with depression. Novel Clin Med
2023; 2(2): 82-91. doi:
10.22034/ncm.2023.394935.1082

13. Mahmoud AM, Hernandez Bautista RJ, Sandhu
MA, Hussein OE. Beneficial effects of citrus flavonoids
on cardiovascular and metabolic health. Oxidative Med

Cellular Longevity 2019; 2019
doi:10.1155/2019/5484138 PMid:30962863
PMCid:PMC6431442

14. Shekarchizadeh-Esfahani P, Arab A, Ghaedi E, Hadi
A, Jalili C. Effects of cardamom supplementation on
lipid profile: A systematic review and meta-analysis of
randomized controlled clinical trials. Phytotherapy Res
2020;34(3):475-85 doi:10.1002/ptr.6543

Feyz Med Sci J 2023, Vol. 27, No. 6


https://doi.org/10.1016/j.phrs.2020.105323
https://doi.org/10.3390/cells10040880
https://doi.org/10.1007/s00109-020-01988-7
https://doi.org/10.1007/s00109-020-01988-7
https://doi.org/10.1186/s12937-017-0293-y
https://doi.org/10.2147/JIR.S158294
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.11.003
https://doi.org/10.52547/armaghanj.27.2.155
https://doi.org/10.3390/ijerph182010731
https://doi.org/10.1155/2019/5484138
https://doi.org/10.1002/ptr.6543
https://www.magiran.com/p2681403

download date: 2/24/2024

https://lwww.magiran.com/p2681403

OhSer 505 ﬂ)/;‘//\

PMid:31755188

15. Hamedi A, Jamshidzadeh A, Dana M, Pasdaran A,
Heidari R. Investigation of the effect of essential oil
from Citrus aurantium L. flowers on liver health
parameters in a laboratory animal model. Feyz Med Sci
J2020;24(1):38-47

16. Shykholeslami Z, Abdi A, Hosseini SA, Barari A.
Effect of Continuous Aerobic Training with Citrus
Aurantium L. on Mitogen-Activated Protein Kinase and
Phosphatidylinositol 3-Kinases Gene Expression in the
Liver Tissue of the Elderly Rats. J Ilam Univ Med Sci
2021;29(6):81-9d0i:10.52547/sjimu.29.6.81

17.He W, Li Y, Liu M, Yu H, Chen Q, Chen Y, et al.
Citrus aurantium L. and its flavonoids regulate TNBS-
induced inflammatory bowel disease through anti-
inflammation and suppressing isolated jejunum
contraction. Int J Mol Sci 2018;19(10):3057
doi:10.3390/ijms 19103057 PMid:30301267
PMCid:PMC6213068

18. Yazdanparast Chaharmahali B, Azarbayjani MA,
Peeri M, Farzanegi Arkhazloo P. The Effect of
Moderate and High Intensity Interval Trainings on
Cardiac Apoptosis in the Old Female Rats. Report
Health Care 2018;4(1):26-35.

19. Zanetti HR, da Cruz LG, Lourengo CLM, Ribeiro
GC, de Jesus Leite MAF, Neves FF, et al. Nonlinear
resistance training enhances the lipid profile and reduces
inflammation marker in people living with HIV: a
randomized clinical trial. J Phys Act Health 201 ; 13
(7):765-70 doi:10.1123/jpah.2015-0540
PMid:26901242

20. Ouerghi N, Ben Fradj MK, Khammassi M, Feki M,
Kaabachi N, Bouassida A. Plasma chemerin in young
untrained men: association with cardio-metabolic traits
and physical performance, and response to intensive
interval training. Neuroendocrinol Lett 2017;38(1):59-
66.

21. Bakheet EN, Serry Z, Mohamed ME. Impact of
whole body vibration versus resistive exercise training
on lipid profile in elderly. World J Med Sci 2016; 13:1-
8.

22. Magalhdes JP, Santos DA, Correia IR,
Hetherington-Rauth M, Ribeiro R, Raposo JF, et al.
Impact of combined training with different exercise
intensities on inflammatory and lipid markers in type 2
diabetes: A secondary analysis from a 1-year
randomized controlled trial. Cardiovasc Diabetol 2020;
19(1):1-11 doi:10.1186/s12933-020-01136-y
PMid:33028418 PMCid:PMC7539392

23. Miri A, Roshanzadeh M, Masoudi R, Kheir, S,
Tajabadi A, Davoodvand S. Comparison of the effect of
local cold therapy and hand and foot massage on blood
pressure in post-operative patients. Novel Clin Med
2023; 2(1): 24-31. doi:
10.22034/ncm.2023.380439.1060

24. Mattusch F, Dufaux B, Heine O, Mertens I, Rost R.
Reduction of the plasma concentration of C-reactive
protein following nine months of endurance training. Int
J Sports Med 2000; 21(01): 21-4 doi:10.1055/5-2000-
8852 PMid: 10683094

25. Jafari M, Pouryamehr E, Rabbani H, Heydari M.
Effect of Eight Weeks High Intensity Interval Training
(HIT) on Adhesive Molecules in Obese Young Women.
J Appl Exercise Physiol 2020; 16(31): 145-54.

26. Yoshimura Y, Nakamura H, Shimomura M, lide K,
Oda K, Imamura H. Effects of high-intensity circuit

training on calcaneal bone status in collegiate women. J
Athl  Enhanc. 2016; 5(5):1-4 doi:10.4172/2324-
9080.1000240

27. Bagheri MR, Banaifar A, Arshadi S, Sohayli S. The
effect of intense aerobic training on ICAM-1, VCAM-1
and RAGE expression in heart tissue in type 2 diabetes
obese rats. Med J Mashhad Univ Med Sci 2020; 63(4):
2529-40

28. Linares-Segovia B, Guizar-Mendoza J, Amador-
Licona N, Barbosa-Sabanero G, Malacara J. Effect of an
exercise program, on hemodynamic, metabolic and
inflammatory markers in obese Mexican adolescents.
Endocrinol Metab Synd S 2013; 2: 2161-1017
doi:10.4172/2161-1017.S2-003

29. Tenorio TR, Balagopal PB, Andersen LB, Ritti-Dias
RM, Hill JO, Lofrano-Prado MC, et al. Effect of low-
versus high-intensity exercise training on biomarkers of
inflammation and endothelial  dysfunction in
adolescents with obesity: A 6-month randomized
exercise intervention study. Pediatr Exerc Sci. 2018; 30
(1):96-105 doi:10.1123/pes.2017-0067 PMid:28787243
30. Stromberg A, Rullman E, Jansson E, Gustafsson T.
Exercise-induced upregulation of endothelial adhesion
molecules in human skeletal muscle and number of
circulating cells with remodeling properties. J Appl
Physiol 2017;122(5):1145-54
doi:10.1152/japplphysiol.00956.2016 PMid:28183821
31. Zuo X, Gu Y, Wang C, Zhang J, Zhang J, Wang G,
et al. A systematic review of the anti-inflammatory and
immunomodulatory properties of 16 essential oils of
herbs. Evid Based Complement Alternat Med
2020;2020 doi:10.1155/2020/8878927 PMid:33354224
PMCid:PMC7735857

32. Shen CY, Jiang JG, Zhu W, Ou-Yang Q. Anti-
inflammatory effect of essential oil from Citrus
aurantium L. var. amara Engl. J Agricultural Food Chem
2017;65(39):8586-94 doi:10.1021/acs.jafc.7b02586
PMid:28906110

33. KH S, Tharwat SA, Abdel Megeid AA. Potential
Effect of Sour Orange Peel (Citrus Aurantium)
Supplementation on Lipid Profile and Liver Function of
Albino Rats Fed on High Fat Diet. Egyptian J Nutr
2019;34(3):93-111. doi:10.21608/enj.2019.144749

34. Osfor M, Hegazy A, El-Moaty M, Elmadbouly MA,
Afify R, Elbahnasawy AS. Hypo-cholesterolemic and
hypoglycemic effects of orange albedo powder (Citrus
aurantium L.) on male albino rats. Int J Nutr Food Sci
2013;2(2):70-6 doi:10.11648/j.ijnfs.20130202.17
35.LiJ,Luo Y, Zhan L, Gu Y, Zhang W, Wen Q, et al.
Comprehensive chemical profiling of the flowers of
Citrus aurantium L. var. amara Engl. and uncovering the
active ingredients of lipid lowering. J Pharmaceutical
Biomedical Analysis 2022;211: 114621.
doi:10.1016/j.jpba.2022.114621 PMid:35123328

How to Cite this Article:

Rabiei Dargah N, Keshavarz S, Hosseini S A,
Zahedi H. Impact of endurance training and Citrus
aurantium L.var. amara Engl. (CAVAO)
consumption on lipid profile, intercellular
adhesion molecules-1 (ICAM-1) and vascular cell
adhesion molecules-1 (VCAM-1) in aged
Sprague-Dawley rats. Feyz Med Sci J. 2023; 27
(6): 619-628. doi: 10.48307/FMSJ.2023.27.6.619

‘f'TW,S‘Nﬁ;b)W‘YVD)sb Wé&ﬂp,’&d}u


https://doi.org/10.52547/sjimu.29.6.81
https://doi.org/10.3390/ijms19103057
https://doi.org/10.1123/jpah.2015-0540
https://doi.org/10.1186/s12933-020-01136-y
https://doi.org/10.1055/s-2000-8852
https://doi.org/10.1055/s-2000-8852
https://doi.org/10.4172/2324-9080.1000240
https://doi.org/10.4172/2324-9080.1000240
https://doi.org/10.4172/2161-1017.S2-003
https://doi.org/10.1123/pes.2017-0067
https://doi.org/10.1152/japplphysiol.00956.2016
https://doi.org/10.1155/2020/8878927
https://doi.org/10.1021/acs.jafc.7b02586
https://doi.org/10.21608/enj.2019.144749
https://doi.org/10.11648/j.ijnfs.20130202.17
https://doi.org/10.1016/j.jpba.2022.114621
http://dx.doi.org/10.48307/FMSJ.2023.27.6.619
https://www.magiran.com/p2681403

