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Abstract

Background and Purpose: Liver disease is one of the main causes of death in diabetic patients. Type 2
diabetes is one of the most common chronic metabolic diseases and its prevalence is increasing rapidly all
over the world. Liver is one of the most important organs that control blood glucose levels. Although the
favorable role of Gymnema sylvester supplement and aerobic training has been reported in diabetic patients,
the effect of Gymnema sylvester supplement and aerobic training on liver tissue is not well known.
Therefore, the purpose of this research is the effect of Gymnema sylvester supplement on the signaling
pathway involved in the oxidative stress of liver tissue in type 2 diabetic mice following aerobic training.

Materials and Methods: In this experimental research, 32 male C57BL/6 mice were randomly divided
into 4 groups of eight including diabetes group and aerobic training, diabetes group and gymnema sylvester
supplement, diabetes group and aerobic training with gymnema sylvester supplement and diabetes control
group. Diabetic groups were made diabetic by high-fat diet for 20 weeks. Gymnema sylvester supplement
groups were gavaged with 100 mg/kg daily for six weeks. Aerobic training groups performed exercise at a
speed of 10 m/min on a treadmill for six weeks and five training sessions per week. Serum concentration
of SOD and MDA by ELISA method and expression of Nrf2/Keapl (nuclear factor erythroid 2-related
factor 2/ Kelch-like ECH-associated protein 1) genes was measured by RT-PCR method. The data were
analyzed by using SPSS and one-way analysis of variance, and Bonferroni's post-hoc test. The significance
level was considered p<0.05.

Results: Statistical analyses showed that six weeks of taking gymnema sylvester supplement, aerobic
training and aerobic training with gymnema sylvester supplement caused a significant decrease in MDA
and the expression of the Keapl gene and a significant increase in SOD and the expression of the Nrf2 gene
in the liver tissue (p<0.05). The greatest changes occurred in the diabetes group + aerobic training and
gymnema sylvester supplement compared to diabetic control group (p<0.05). However, there were no
significant differences between diabetic group and aerobic training group and gymnema supplement group
(p<0.05).
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Conclusion: Gymnema Sylvester supplement and aerobic training improved blood variables through
reducing MDA and increasing SOD, as well as improving the signaling pathway involved in oxidative
stress in liver tissue by increasing the expression of the Nrf2 gene and decreasing the expression of the
Keapl gene in type 2 diabetic mice.

Keywords: Gymnema Sylvestre, Aerobic Training, Type 2 Diabetic, Oxidative Stress

How to cite this article: Hassanizadeh R, Jalali Dehkordi Kh , Taghian F. The Effect of Gymnema Sylvestre
supplement on the signaling pathway involved in the oxidative stress of liver tissue in type 2 diabetic mice
following aerobic training. J Sport Exerc Physiol. 2024;17(4):85-100.

N4



S S l E P SN bl g 5359 (5599 B A Pl
‘\?‘Ar VormAD sasino F ol AY 6,95 AFY

gy Al
b (Ao lusT LS 50 JeB 0 (Gl yply jo p2 ywglw bodosS JoSo B pao il
S3led o o8 JLidd 90 g9 (LS S g0 S
L 43,9 7 (63,580 (I g (D005 S Lo

Ol coledol (Bl y53) Gledol axly o oodlul oljT olEtils (5555 (555053 09,5
oduse

slas lon (nials 5l 90 g5 Cabs el 99 g9 ol hlom 39 a5 o (ol LIS J) (o 605 S )lor 1B0B g Ao
9IS ok a5 ol plaelil G e 508 el G o o eyl s )3 S sty T 503 5 035 (S3lgS g (e
0l 5155 (b Ghlem )3 3l (e ed 5 Frwshow LotesS JoSe Bpae Ay (R 4z 5103 0dS gl 0 0 ) (55
Sran Gl il Aagy 5l Bas gycplil el odds AL (995 4 A5 Z8L )3 (Silgp (005 g Sl LekarS JoSo B paa ]
ool S3lga a5 Sl 99 58 (b laghse S S8l (oluST L8 o s Glajply jeae 2 sshew LoiaS JoSe
O 9 el 05, ol (bt 09,5 oz 4 (ol o jg0a 5 COTBLIB Lige YY (025 gy () 5o iasb g Slge
JAS 095 9 Srglew LoteS JoSo B s oljends (5lgn 1 ped 9 ubd 095 gl LotarS JaSa 5 Zubid 095 «s3lse
erghiw LoiaS JoSo (sloog,5 4y il cubo wan Ve Do 4y oy 238 o) Awgds Culis (sloog )5 ol i Zobyo
«Silgp o5 slaog S s ol sy JlglS D000 Late S b las lin b Dde 4 p S9lS S hee Ve lade 4 4l
5SOD oy clale iols plosil (5,5 Jlai (59, dlan 13 oy 1ol dude iy g dlad i Sde 4 V- (MIMINY Ce s b Sy yed
59951 b 9 SPSS 55 )b 5l leesls om0 (5 u503liil RT-PCR g, 4 Nrf2/Keapl slagy; olo g 1Y 59, 4 MDA
b a8 L 3PS/ (g loline o drslons g ity (cdind (9031 g )y il g el 5 )Lo]

boieS” JoSto B e ol ety (53l90 (n pod 5 S350 (e gl LS JoSo B pas e (i oS 0ls ()L aaidl, g b
Nrf2 5 ol s SOD Se5 paie 1o (g lobine il58l g KEAPL (5 5Ly s MDA Jg5 it 1o (5 lolize (2lS s gl
S3l98 5 5 s 09,5 & g2 e dily (slopuiia 2 5l o iy o5 (P 11 0) A 93 £55 (GHL slabge 0S5 L
Lly gl yiie (s (5 0line gl prizean (P +[+0) 092 s J 508 09,5 4 S gl LoianS JoSo 8 a0 ol oy
(P10 0) Sl 092y LoronS” JoSeo 5 Calid 09,5 9 (53l98 (05 5 Selid 09,5

SOD (21381 s MDA (2l 5,k 51 (S sl peite 3900 Sl (55158 0 103 5 sl LotaS oSl 8 a0 1 o5 det
o Keapl s ole (rels s N2 5 Ly Gl 3oyl 51 oS 8l otalusT )i o hss Slojply eas S5m0 eizpn
A 90 £g8 (b slahge 08 L

alaST HLad (g £98 Cubs «s5lse (et ghiw LoieS 1 gualS (sWaolg

50 Je Sloyply e p wghow et JoSo Bpan 1.3 L5 ¢ F (60,520 o o 00l s :dllio o] 4 SUiw] 092

Ve ANV F Y s olleb 5 (555 (Sbaeied B s lsm 3 Jlio 39 €55 s (slo g 5 2y (oS s

khosrojalali@khuis.ac.ir : Jstws sdius s 4l ”
VECYPIYY opdy ol VEXLBLY c il g gob VECT/EY . iedl e gl

AY


https://orcid.org/0009-0005-8554-211X
https://orcid.org/0000-0003-0210-5984
https://orcid.org/0000-0001-9531-2952

ul)ls.o.:a 9 oa‘}s;uo

S5le® (ppe5 4 0S b

o] 5l oS Jsho o Keapl/Nrf2  _zoluSTos
Ol 9 S (o0 6T ol (p2aleST jLed Jlie 5o Ik
b slaiegs 09h o Jite Cubs P50 e
ol 1y g pfedir @S ciluSlos e (ol (59,
Jon (30,5 Jlad aS 5 ls 3925 olalesl 5 el olo
Cobo 5l il cialaST ol wilgs oo NIf2/Keapl
Sy &5 2lagloys plply WS eS|,
KRS
Oblem o (sialesT las el ol 5Slolre

aS ol oals Hlas gk SO o el Cubs 4 M

s o L Gas |) Nrf2/Keapl

05 Ol g oRIBl (Gubs slaghse o keapl o Gl
g5 50 uizmed (V) o5 lay els NRF2
5 (SOD)) jLgouns oSl o a5 ol ool ylas
eialaST Las cleailis 5| (MDA) wiwflgs oelle
Ll p (nl 55 Bgemss 9ot g Glime a5 ol
O b oo il aSdllss Holle oyl g LialS
Siluing 5o ol dpal) oy Cudlad 55 e
Gl pSslr slp NSk g Sy S
OF) col 90 gg5 Cobo a4 atusly e Ol pess
slaacly ol sla S 5l (o Wb lsn oo o3
Sl ooly ylid laaisly .ol 90 £o5 oo jo S el
3 ol o 5l 6 xSKin 2 9 S cld
A S Wl o b s S5l o gl i el
Ol gy (nl o a8 S 0 50 laiagh (V)
ool 3k 5l lawgie al b (g5lee Dl a3 wilesls
@z Ole Rl g (ialuST jlad tals (ol
D9 oo e S 3 Shos S5t 4 505 sla sk
oS slamesl ol (205 Slsl3 slotags
Gy (V0) oo ST (315 (s5len Sl oS 51y
Oedgedl 5l Jies Glutd Slez13 35k 5l 55l

NP a8 Sl ) (55 5545 Wl oo

20 g ol Liwg olj] slag b odg a4 axgi b

AA

doddlo
oo sl il 5l (S g g Sabs
ool 53 Sy ] £ g 0391 (G3lug S gm
S5 Sy cels () sl il b s ol
93 £ Cubd (V) Conl sogee Clilogs i S0)38
Jsese s5bas g sl gy po (gl ol 5o Ceoglin @
2 Lol w0gd oo 0000 iy (s g JLuS 5 oLl o
A 5 sz o3l o 90 £55 s ol U
oS0l Aty A (6 Lo ol (V) 098 o 00y
ORIy (@lie ) mliel (S S (Jl
e Srlon 99 98 Sobd el o5 S 2 b (S
oelS ale o1 Lol gla Shs 5l (S o5 el
ol 45 el loplail L ete 51 A4S (F) o
YL g5t 2,008 (rmbo 9> 0 1y (9> SIS
ool o0 )5S s oLl o s slags e
Sl was o plis baiaghy 5l 6l (O)
(F) Sl 93 £98 Calid )3 o9 S pe e Jlo 5l 0
Cubs 5o a8 lacawl 3 gl 4z S
Gk 3l (S pala sl ot atdne by 4
sol adsi Gl carse 595 grmlonsT ol
WS o 2 1) oS ladsle o5 355 e 3]
imlaST s 4 Wilgy oo 0l il 4y o e
g ol Glagls o Jols pas (V) ogd e
SusS oo el Ls ) palusTas gle Sl
30 e g ok Cawsls anls o 3.k 5l (A)
SasS (el ol o (concdS nla L a5 slugcgm
s Al bl 4 Sigd s o5 (ROS) ¢y5emcST Jlad
Las o a8 o,Sles o P Coge oiollS]
Slodzmn plal S () 05d o0 9> S5 Jobs
OeSa Ol lugld g oS elats g o
S og> Sl gl Ol Lis cwl G 3 252
Sbyge & Sl Giluoyd 5 ctloy &b
g (10) S50 sledar S by 5l i



¥ o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

ol Sl e (b o3l des alpls g oo
2 ez S ool o5 5 )lee b ol oS
Ol » swsbew LeiaS JoSe S Jiagh g
Joe slaige oS cdlb o Keapl/Nrf2 slagy;
Sllllae ()b 5l g Sl oals (s 93 £ abis
Sos ole » Silsp G yed Sl pgas ;o a8 Selxl
oy 50 Dl ks 3939 b clow] g9ae Keapl/Nrf2
IS (s3lm Sl o & lagss cnl Gl o 07
S emon ol Gioshy Bas 5 cnll e (205,
Slosply e 2 sk s JoSe Bran
b slabge oS b aollST jLad o LS

Ll S5l (n yes JLioas 90 g5

OMRIF P9
e T 025 Ghegh (nl ) iRg R laaiges
J ais oo b Ceip w uSke L 5 C57BL/6
b bse g5 ool a5l > pledal (s, oKyl
s @5 Syt 5 s LIS s Iy
A JES 5l e b yhge g so oolainl by iags,
by, 85 > Lyl o o ladol o1 sl olfisle;]
-0 Cogb, 9 a0 YF-VY gloo el VY (SO
ahn g0 Sae 4 3¢ g ol 4 oljl v iws Lo o T
dod Nl (6l Wiz ke b )85l b
O gl faallgins b glhe s> ol
g 3 ool 5 Cudle gl o Sluse
pole oKzl B &S ol )50 KLl
9 bl S,
<d,85  plxil (IRJAU.KHUISF.REC.1402.327

g wad obdl ige YV ey lzl jelaied

o3 olKzslo

Silor Goped 9 b 055 Sz jo (Solal O g0
(=AY jsghows LitasS” JoSo 5 b 09,5 (N=A)
oS JoSo olyomay (3lsn (riyed 5 Cubis 0g,F
b3 18 (N=A) ol 7S 05,5 5 (17A) ysglons

Ad

slogisy 5l s o ) el obml ol
05,5 ol 353w ) ol Rangh axgs a5 Sleyo
aS cwol Coboas gg)ls Hlals 5l eolaiul ol
axgi Oyse o5 Al 5 cRlSlas colld clea
g 3l gl Cusls &5 SbLS 5l S e
9 99 4 g len 5l ()l Loy 5o Wilg oo
JoSo w)ls 0925 (] 050 0 Sl slajiagy
ol OA) el (Gymnema(GS)) jwghw looss
b ;5 a8 Sl liwgain je I Bblie (oog oS
Dgi g oolaiul cobs leys o slisgais i
LS o)l cnl (e 5l (Siba (sl glatagyy
5lac .(V2) wlos,S anl pes g45 cubs oleye 5o
RN 2 VRPN JURW SRR ESIR S IPE ¥
el (V) V) o)l Swad jomas (Sledlos
OIS g)lme )0 3565 iz ol plaS el onls
iz a8 ol 9 SIS a0 5 wiS e e |,
45 Cewl 0l 15 etoran 35 00 189 098
st glodsbs Glil cse 2LS o)l (nl
05> Oelsedl Ol 4 39 5 800 et
i3 5 (VY YY) wb co (2ol (2obs ()l )ley
@l slogise p yiwglew loies 8)lac 3k
Bpae a5 olo (lis s g od (ow) 90 95 (Hbo
o S GRS e sk LS 5)la
9 S e dgne gl 4 Cenglia S
SUgntg S oS Gy 5l oalST i3 ials
@ Llad 50 g9 (b e slagbys ;8 00,
5ol S g5l plelid Gl 2t slaptegs
leiasS JoSe 51 Sg3le 45 olol 51 (VF) o
e 3 3 035, 3o 5SIS B0 sl
aS Jl> o el oolaiwl LB s ls oo 4 lS” Ui a5
Fo cubs o eolital 9)50 slagyle (ke
S 350 45 5o 5| SIS 55 oz m (e i
JSie o 1 B pan 10 (550lS (5 5len b (o ol 3



ul)ls.o.:a 9 oa|)“5;....>

Ssle (pyed 4 &S Fuly

Sor (o n 3l 8L il w0 Ve g Oliaeg S
Oby,y oRawgsy 5l e0pid cdy Ojgod a5 (YO)
40 oadeslaiwl LS 5 Sld s ol A Oleas!

el od.o] \ Jﬁ» kj,..lou)?).) (5"“\'; p.v))

25y g Cobo slwog S g3 (sl (W9,
@7 3l $8bs siplaeye £ els Gy 2138

S B8bye 5l aweyo Vo dbgw (29, 5l Gie)

(p 5105 oS (2138 310 ()150) 052 1 GIAE 235 0 eubodliiwl WlaS 5 Wi ) Jgux

&5 O ®m e g cely ey Sl
Keallg Lsw s Sis C D3 E SR

Ol sy S

P s 4 .
oie L B e N N
e Lo

YIOA  YA-  \EPYIL YON \IFY \IFY 7Iv

QA ANY YN VD Y- Y VFeE YYOD

g bgie SaB b (SupeS S5l9a (n oS Slaog S
5 Sy il b oaan pd Soe 4 alan 4o g,
oy allilesl hge bS5 g 59, oo
G ot i EblE b ] L AUIS e
90 10,8 Jle cad e (VF) oy ploail ¥ Jga
5475 93 p)lez 5 pow slodian io gl dtia
Slr oed )2 09 42,0 ez pid g ey slaatin
oolizl Sy i8Il S5 51 cainggo sai 45 olosge

ol olml b oz (ol @), ia Ve 5l
o)la8 o o bge p0 (59, Y Amsgts SzsS
L s aid 5 ol ools 1,8 esSlS Jlsi (g9, o>
YL s3> a8 0l Eud iesS olS olKiw 5l eolaiwl
b Sl plsmear il bz p S e Y
S a5 alabse ab azs S L s ot
Bi> gl wise e n oS kee Y
JoSe Bran 5 silsn (nyed Aelp e 0D

W )'Léi EVET SV R VIR VR SRTY DUV PU O 3

Slg® (31 03 Bgus .Y Jou

(42.85) s QLA)' Ode

(A835 p yie) Sy 39,

VY- F

VEG A 5, JENUCE NENFNA V-V FY




¥ o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

sl Gale] ladlsl o eaddid S 5 s
Ol 2 ey A 5l L ad as, et
e ;0 (18,5 1,8 4880 VA Sl 09l (5 S ol
g 9b oz lop e Gorks il S5 4 oKiulej]
Sl ol 3 il do o Ae Glee slos o alolddl
Sl o D (IS sam slagiabejl plox]
IR aoldl g ol lam byl Lylpd o 0
O 0l i olpl Sl 4o Ve sl
olSiglejl & o jiale;T alouil sly il 5 boaiges

sl
slosliiwl b g 191 (39, b 5 adgmd] (o0 2dale
sl b plall cols (hge pogase Golgudl oS
Gl 5 2 Lo 1 0 Sl SO0 — + VO & i
G595 % S (oo gl g il e 2 S 5L 01O
ol bawsgi (Ol izl ool 2e8) Seiley ]
L (5p0] S 5050 RA-1000 (,55.555) 5 YUTgsl
5 Ak eSSk oo = 0 Slss A
28 s pSojlail i dee p )5 (e gy Sl
G5o3l L HOMACIR g, & (sidgml Cosslie
Jse @b Lewdly aiged 51 LG SIS 5 g

HOMA-IR index = (fasting insulin(pU/ml) x

fasting glucose (mmol/l))/ 22)

oS Ay 5 191 (o9, b 523 SOD g0y e
Lalo b oy LS 08,8 cole Shge pgate
Comlas g oo p p S5l Y e VIO Sl s
clle ol gySojlail sl Lw 5 p,SL -0V
CoS dlewgar 9 Y1 3, b 55 MDA ey
Lalo b oy LS 08,8 cole Shge pgate
Sl g b 52 p Sl Ve =010 Ol pss
S s g Selul i e g )89l < /YO

1)

S)LALL.QJLS‘)JMB)LQ.C djmgd...efé?.?u
&S b 5l oS cpl sl S ol yiweliw LaeS
plo> j0 aoj £ Gﬂ Jssl L (p,5V %)
Ll g oS 5 ois i bla s e 0l
oo slrog,S T cavos oL bylac b asus
2eS ke Voo Jlade 4 ailiy; wsliw LaielS
O D 4 (YY) Sige o 059 Tl 4 e, SslS
ol ol euily g5 5165 &g LaiesS 8 ,lac (aian
& g )3 pSskS p eSS ke Ve
UP ;jlf )‘Mjéy 0du OOLM‘ )3) \”~ Ode
Sy (s 055l RelS (mbs slatge 5o

wlaST las iy melS Cam a5 og ol

)'5..) )‘AM

Oley Dae gam la gl ;3 (Shbs sloise
4 590 e onl (g w09 Glalejl 6y 8 pa
g1 0dld plol Jiegh e 0 Al B0 Dow
3 S 0 Yl Grae oo Sae 92 5,005
e o) Sl b aas eols Bpae lade
WS el calast jlas o Jss Sl
09,5 (eizred S5d o)y 99 £55 (b s Sy
5 sred Al ASa G (Bbe J5S
G o5 500 ooy S L aulie ez (229)l

S B
4 Aale] sla by, (a3l sla o,
28,5 plamil WS CBb (o2 g SRS 095 P9 9
Oyl dlz (0y5 5l ey ol FA 4o (65 055
i e & o o ailid bl el V5
a,b 285 bl b ftse o Ol 5l ] e
Sl Ghge o lal a5 09 S50 (nl 4 625 09>
e & 5l (53 (95 (e M0 B30

Db 485 o Gl eefies Ghge 0 Al



ul)ls.o.:a 9 oa|)“5;....>

S5le® (ppe5 4 0S b

Lt o onis >l yb sla,T5LT don lazl s ool

o 9 M gy & g b s dea
L oS cal ,o Keapl/Nrf2 glacys by (s,

25,5 il RT-PCR 3, 5l ol

loaigas dan 5l YL clale 5 gl L RNA gl 5el

odijle oS8 SS9 b CDNA piw ol
CDNA o g o3 pll (Fermentas, USA)

U’“?S"‘Q g_;""‘"?"ﬁ) U"‘Sb ‘nlpp‘ s L

Nrf2 g Keapl (g yos15) s ST S Y Jgu

Genes Forward (5'-3") Reverse (5'-3") Tempreture
B2M ACAGTTCCACCCGCCTCACATT TAGAAAGACCAGTCCTTGCTGAAG 60
NRF2 GGAGGAGTTCAATGAACTGCTGTC CTCTGGACCTTCTGCTTCATCTGT 60
Keapl AACAACTCGCCCGACGGCAACAC CATCCCGCTCTGGCTCATACCTC 60

oigh sleg, S o NIf2 4 Keapl.MDA SOD
)‘).Sha)a )| oolarwl b oA.oTCMubd.g G’L"’ Al oolaw!
[0 g yloline mhaw 5 0l Judo VY 5w SPSS

A asd § la o P<

orSlie Jols CETBLIB sla g (sagas Slasie
Jolis (G955l prie g 49l 5 adgl ()59 oy polie
Oedgedl & Cuaglie g (pdgudl SIS g0 s lans
Grog,S 4o syluibinl Gl 5 uSilee O yg0as
sl 0uds 0051 ¥ Jgor o (iogy

Olis & Jgaz 5o a8yl il ly el (5051 b
polie ke yo gbliae gles aST ol
slaeys ole 5 (P=+/++)) MDA (P=-/-+1)SOD
leog,S o (P=+/++ V) Nrf2 g (P=+/- - 1) Keapl
Poelob gylobine mhaw (rizman 310 3929 (g3
REIER SN

ay

05 Olpear BZM jl s cul )0 ¥ ooz 4y azgi b
s ool bes ole wsledley @l sz
sbl B dglio Lolul  bosls Ldoigayso0
L PCR 1Sl o ,iS5 imie .cd,5 ool (CT)
ol g0 b Gl abgye e ) pISS Gt
3 90 ladiges ;| odeliwwsdas CT M« agh
)'\ oolaal b 5 dalors &>y 6“"4-“5-“' P L;.g.l,zﬂ
S50l g pe F 4 Bas () Curnd ¥ Jgo 8

-
oy Lol s 0 40 g kel Julos :‘5)Loi Sl
5 hros el i o a5 <88 bl bl
Sl yxie oy sl o jlastisl Byl 5 1SSl
OB 5o g &b eoliil o gogejl slagys ole g (9>
o3 Jby me 4 azg b blanl Ll
o33l 3 g Haesl) Waosls en g (Shigg s
Slr S9ri sinS o3l g 48,laSs Guilly ol

Jolis imgh 0 Cou 050 b i duslie



Foled AWVops AF-Y S Sl g (1559 Sielg b 4 pi

o5 o ,S 10 L ge cyd gl 4y Cuoglite g d gl 3565 (39 o p Ol Hliro Bl il g (il . oo

Lo 9 0 ped ol Sl oyl 5 ol LS 9 b <obo Ju8 Asly yaiiio
MNAYE-JAY ANAadE-/A- UN 2+ /AA /- VE+/q- (ah0)
AAVARERYAR Yy/vaty/aa. YY/ASEV/YE YY/¥YEY/YY (©,5) adol o339
Yol EVYY Y5/ ARV Y YONYEY- Y/ 0%1/FY (o5) 45t 03

VEY/\F 85 YL IY-£FVISA YYOIYSESVIY - YYONYENAD  (idides 5 oS o) 55IS
Y/-£4./F4 Fo£-00 Y- a5/\8 NEDU Gididkes 52 5 56) ol
AVEE= SR VAYA Y/ 22YIVY Y/-x£29/Y0 flexY-/2A Oedgul 45 Canglie

loas ools las Sl £ 0 lailbin] Bl sl &g j0lie

GaBg5 §Weg S 30 (miyp 890 G piio 48 a8y il ylg Julow (y303T S B Jgue

&)loline o LotosS'y (2 yod ey Silse Haed 5 el LoioS 9 2ulys ebs JpuS Wnly yiite
Fofeo YAINEYY/E7 ARIES- 4R Y/ EYVIAD Yie£.0/f- SOD
Felew \YNEPVIY - Y-./-£Yf/04 YANE-F/-Y YANEVYV/E- MDA
Fofeo Y/-xF\/YP INEEAAVAtd f/exq-NY Y/-£¥4/v4 Keapl
Felew s+ AN -5 </ E£¥Y/-F </-£¥4/-0 A RIE Nrf2

Al ad )8 ol P /00 (g lolie e # sload ools lis Kl £ laslinl Sl il &y g0 polie

Keapl ()5 ol 5 (P=+/+ 1) MDA jolis ;:Siles 09,5 ;5 45 ols LA gy (el (903l @l
90 &9 (RS laghge S 28l s (P=/0)) 2olie GSle ilse cnped s el
3¢9 (5, ol rals cubs ]S 098 a4 o 40 (P=-/+-¥) Keapl ;5 ;Lo g (P=+/+-Y)MDA
5 (P=+/++1) SOD ,3lie (5:Siko a5 Jl>yo o)l 09,5 4 Comad 90 £9 (LS Slahge a5 2L
a5 cils g loline aalsdl (P=+/+ + VINIF2 5 Lo oS 0 5 s 5929 (5 loline ralS cobs S
by oy ol 5 595 Sl p 5l o i N2 o5 ole g (P=+/-+¥) SOD polie (S0l
boiosS JoSo B pne ol jodds (63190 oy 103 09,5 4 5 cobo 09,8 jo il (g lolie gulidl (P=+/- - 0)
095 U )bl DoldS (prizmen S gk polie Sl wshw LaeS JoSe
LoiosS JoSo 9 Cubid 09,5 9 (55l9n (i ped 5 ol ;> (P=+/--¥) Keapl ()5 ole 5 (P=+/--Y)MDA
MDA (P=+/Y0Y) SOD polie 1 Slo o yiwglow 09,5 A Cumd 90 £58 (b by b WS Zdl
NIf2 5 (P=+ /- 0) Keapl csla s ks o (P=+/FT) oS I3 3yl 3575 (6 bline 2alS ol S
5 £5 s sbige WS il Lo (P=+/YAD) N2 o5 ole s (P=+/++¥) SOD slie (pSiles
(S genS Qy,ﬂ zls (P <[+ 0) o,lai 04> 5 ubo 09,3 jo iy (g lolise yiolidl (P=+/+-¥)

ool a0l ¥ ) (sla JSCs 5o Frooghes LoiasS oS a0 olyen 4 (55l5n (o

ay



oLl g 03l sn O

YO

*+&
*
*
\-
a .

cobs Ju8 LS g cubo RIRCSIP RUN TR PUONK SPENEON JUVTR

—
.

—
| >

e 5 £5 5 SOD (e

)-.;-J

oRR93 §rog,S 10 SOD y3lie (il ) JSb
Culio 09,55 Ay Camnd (5 ylobrn ALLG + (Culd 3508 09,5 a4y G (5lolro ALLS .ol yuw Clid 09,5 w2 b Jog0 Sluad
S3lgh oy 9 Sl 09,5 4 S (g0l BLLS & dloouS Joso g

*
*
I *+&

cabs JpuS oS 5 oubs D g ials LededS g el el

Yo

o) oo 2 0,556 MDA 5
— — —t — -
. [>2 . 1 >4 .

1 >4

o33 lrog,S jd MDA yolie (pSilee .V S
Culio 0955 Ay Camnd (5 ylobin LLES + Syl 58S 09,5 a4y G (5 lobre ALLS # .ol yuw Clid 09,5 w2 b Jog0 Sluad
(3199 1305 9 Cals 09,5 &1 Conmd (5 l3line WA & cloianS JoSo g

a¥



Keapl o5 ole ol
< 4 -+ ©

—

*
*
I *+&

cabe JS (PSR SPRUNT e g b LotosS g (o yed el

.

oMo R ey S o Keapl o] ol polie (Sl ¥ S
Calbid 09,8 Ay G (5 lobamo GLLS + (Cabd 505 09,5 Ay Camnd (5l0lao LLLS # .Gl yw Sl 09,5 12 (g Jig0 Sluni
3le® (2705 9 Sl 09,5 A1 o (5 5I0bre HLAS & dloionS’ Joo 9

-1
+IA

1Y

*+&
*
*
A
Ay
A
-

cube J8 LS g ol e g b LotosS g o yed el

N2 o5 ol Ol
5

GHR931 slreg S HONI2 1 sl polie Sl F JSb
Culid 0955 Ay G (5 ylobn LLES + (Culid 58S 09,5 a4y G (5l0bre ALLS # .Cawl yuw Clid 09,5 w2 b Jog0 Sluad
3192 (203 9 Calid 09,5 &1 Camnd (g l0lino HLES & clodouS oS

0



ul)ls.o.:a 9 oa‘}s;uo

S5le® (ppe5 4 0S b

°‘) Y

Shlewm 5o imlusT jlad gals sly Sl lbus
el Cobo 4 M

s o L Gas I) Nrf2/Keapl

il e &S 3l Gl ol gk @bl
ol ol Keapl o5 ple (el o wlgs o
£ oo 4 e sloige &S il 4o NI2 5
L g @l (nl (Sislenied Yo 5l a8 098 g9
slply ;0 oSles Ol a4 Sl o)
GLUT- 4 559, Slgiome Gl g (gl
Lol gdl 0 Sdas Cagls 5l oz (35,9 9 wlataly
cols p il8l o GLUT- 4 slaons 5 2053l

(Ve) 39800 559I5
40 MDA Jluie ol iagh slbasl ulol p
09;:\JM)W9L‘»MJ&SWLOOS;
&S J o st ails g lolins jrals colis J a8
oo gl aS cuils (g lolias iul331 SOD lass
s b Y (YY) e 3 S wls L yol>
5 o (VYY) oan 5 o (Y1) o e
O g 1S 5 (Y2 VA) >la (Y- YY) o,
boiosS )las Brae a5 woby olid iagh
L O R e g P T
al b ol sl ise ;o cisluSTas codled
ol sobe olxe sl ybse ;0 SOD jlads oS
30 oKes 5 LY .(FY) cél rals MDA jluds 4
g LocorS OB pae a5 wisls Lis oyl )y
ooty anle Jbten) SlaSy o
cdled Gl wann oyl 50 a5 Loy g o g ]
ohdl yo casluSlas codld lidl 5 Laolls]

Olis it )0 ol Ken g (558 (YY) 09l 0L

a5

G5 A g Sy

035 ;3 MDA jlais j5l> oyl sloaidly bl 5
ol 55 09,8 4 Cad Sjlem (nped 9 ol
SOD luie a5 Il ) censl azils (g, oline ialS
2l ol jiagh mls as culls (g lobixe yil33l
OlLes 5 wedsn 5 (V-VYF) ol en 5 ;Y5
Slis Len g g¥ s (YA TA) 343 gua (Y+19)
Gl sl oo lpl Wlgs oo (S5lgm (n ye3 45 0l
s MDA (oo gl 205" 305k 5l (otulasT jLad
L aS sl ool o ise 5o SOD jluie iyl
@ ol peizmes )l Slgen pol> agh gl
sl Hlas aS 0gr ) Ke § Seligr zull b gunon
Gl gl 4y Canglie falS s (55l9m (0 oS
bl g b 90 g5 ol laige 0 > SIS
oz 5l (oilaST jlad palS g sjloa (nped
dal, oo 913l s MDA ialS 5 SOD gyl
3,10 8929 (5 lolixe

s Keapl o5 ol RelS dn) yo Gigh ool @mls
a die sl hge 05 28l ,o N2 05 ol Gl
(VYY) o, 5 ogd 65l b b g0 g9 colis
3 oLhes 5 e S (VY) ol Slgtren
2 S 3 Slee Pl 9 45 isls plis (Lhegy
ST jlad g gl a4 Ceglie Jdoay cubs
e GRS AH3S Jlo iz 50 b (il
5 kol olusTas ply G olgaeas NIf2/Keapl
olis basl .l oud asine ol cdi
@Bl 3o oS gon ol ) s nl wmo oo
S5 0 1y 6y Glble cl aly 0 wiile
ol 595 sl Glagigsy ol 0051 Cussay (Sl
Sl ools lii 1) 6 Rtz bl sioluSTos s
e 50,5 Jlkd a5 ol 0y glales]
Cobo 5l a0 cialaST ol wlgs o NIf2/Keapl

oy &5 plagleys (plply S ugSas |,



¥ o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

cor ol e SSL e Y Rl b
39385 s w3l e b peiren 058 (g
SalS Coge Wi e (PTP-1B) ) ojblins
155 3150 dzgi b (TF) 968 padgmd] 4 Canglie
ol S50 s0le Jdoay yuslows LaiasS JoSo B e
IS L QVOWIRR Vi Py p LIV RN VOW] RS WOS WL L Y
1) 95 &35 <ubid s lew 9 995 SOD (233l s MDA
5B (8)lse wilgs o o] Jldody Guy S S
Sales 50 5 05 S8 |y oilesT lad alex 5l ol
SN2 55 ole a8 5 Keapl o5 ole (halS &
Sgb ymie 93 9 Cabd 4 e sl hge 0 8L,
solatl gy cmlil ojls Sladran yol> jimgh L aS
b rae olend 5lsn (uyed sloasly l Glosesn
s 20 S oay sl LieS JeSe
waly loyiio )0 (5t 1ol o wlgi o
Sl lgen pol> iegh mls LoaS oeh
O S g (nl gl az g b g 438 00,
o Sl oo gl LaiasS JoSe B ran 5 55192
5 MDA (2als 5,k 5l g5 slayeiie S5t
Jo53 Slesply e Sgate Gizeen SOD )38l
03 Ol G5l Gy 5l oS il eyl Las o
s ige oS cdl o Keapl 5 olo Juals o Nrf2
=2l Ginghy a5 Lol 5l ogd g0 58 (ubo
ol 43S plail (Slp sladised 59,
o gl e Sl i sl tegh Sl
=l 60,8 Az Gl Glagogesl

g oo ity

S10y98 g Sl
Sidnsd 65 Aoy 5l g Ghagh (ol
3wl (Kalye2) olpas! al)‘T oBisls yo 339
JLS 50 5 6,k 15 Lo e ol cnal jo o457 Sl 50 Ao

'M)b ‘) ‘54‘&)&55)&»)

v

a9 St ool LSyl Sy 8ylac aS wiols
YY) oyl cobisas § Sad poas ( Sladlas
Spae oS wsls Gl phagh o olSes 5 o2
09,5 dw ;3 959, Vo Do 4y gl LotarS 8 ,lac
Lo 590 (o5 9hS 2 p S (lee VYO ) o5 590 L
Be0) oby 593 5 (pFekS » e S he YOO
05 SAS el con (pSokS p eSS e
5 S Erou O30t 5 el &2 Cenglin tals
@lee slaise ;5 039, SUsmg oo pelass 5o,k
on & eBReR S 2 (VF) ol 5o go (2ubo
mls a5 el cubs p tusk Luess 3G
Sade @ oSl Sy b lac Byame aS ol ol
Wy oo el g0 5l G 2, 5LS 2 oS (e O
098 b sl tse 3 GsF SIS el e
)*’L‘ or & ERsh 5 olhes 5 @S (YY)
2 Feoghew laianS 5)las (g5l (2108 @5, dudss
Sls Lt b a5 axsls, C57BLI6 b jbse
Voo Jade a4 yiwslw laiesS Sylac Gyas
OB o 59y Vo e 4 0 55LS )5 e
YT UAST) il jgieel )l (oo zshans
Gl slegbse ;0 055 5515 5 (ALT) Lol Luils
Ol jwshon LiesS §)lac Gyae JS 5 .0l
hdle pls> 93 JermdSas 5 (09 ,Seens
Shas (V) olo plas 1) (95 S6l5 2als 5 oS
ol pol> @S b guond S () (59l 528 Yo
SooiorS sl LotarS JoSo fge sole Cul
S ShalS o Wl (o0 B sk g0 5145 el ]
S o 09 Gyl Caeglie 5 gl (9>
Ol ,S odr Gl carge Wl e ol
5 Dol W 0357 oo Gyl 5 SzsS 805, 8120
555515 @b ar culed 5o a5 09 slausSslS T
pes Sl 50 (V) d9dioe e 03, Gosb
sl obe So 25 Bk 5l Wil oo del SaieS



ul)ls.o.:a 9 oa‘}s;uo

S5le® (ppe5 4 0S b

10.

Kim K-S, Hong S, Han K, Park C-Y.
Association of non-alcoholic fatty liver
disease with cardiovascular disease and all
cause death in patients with type 2 diabetes
mellitus: nationwide population based study.
bmj. 2024;384.

Michel M, Doll M, Albert N, Morgenstern
M, Behr A, Maxeiner S, et al. Obesity and
harmful alcohol consumption are predictors
for advanced liver disease in the disease
management program for type 2 diabetes.
United European Gastroenterology Journal.
2024;12(1):11-21.

Oguntibeju OO. Type 2 diabetes mellitus,
oxidative  stress and inflammation:
examining the links. International journal of
physiology, pathophysiology and
pharmacology. 2019;11(3):45.

Zhang S, Zhang S, Zhang Y, Wang H, Chen
Y, Lu H. Activation of NRF2 by
epiberberine improves oxidative stress and
insulin resistance in T2DM mice and IR-
HepG2 cells in an AMPK dependent
manner. Journal of Ethnopharmacology.
2024:117931.

Pouresmaeil V, Al Abudi AH, Mahimid AH,
Sarafraz Yazdi M, Es-Haghi A. Evaluation
of serum selenium and copper levels with
inflammatory cytokines and indices of
oxidative stress in type 2 diabetes.
Biological trace  element  research.
2023;201(2):617-26.

Yang J, Chen H, Nie Q, Huang X, Nie S.
Dendrobium  officinale  polysaccharide
ameliorates the liver metabolism disorders
of type Il diabetic rats. International Journal
of Biological Macromolecules.
2020;164:1939-48.

aA

S <o los

ol aid § all Jbo colos ey Giogl o)

Cawgziily (6, 50 A, jla=8,5 5 aJlie oyl

olas_dls

&l pyl
28l o)l AgSme a5 W lo o @dlel B ain g

2,00 0929 ol ueghs 4o

LQ PR 93‘;‘!'
! Superoxide dismutase
2 Malondialdehyde

&bw

1. Qadri S, Yki-Jarvinen H. Surveillance of the

liver in type 2 diabetes: important but
unfeasible? Diabetologia. 2024:1-13.

2. Abeysekera KW, Valenti L, Younossi Z,
Dillon JF, Allen AM, Nourredin M, et al.
Implementation of a liver health check in
people with type 2 diabetes. The Lancet
Gastroenterology & Hepatology.
2024;9(1):83-91.

3. Fan G, Zhang B, Wang J, Wang N, Qin S,
Zhao W, et al. Accurate construction of NIR
probe for visualizing HCIO fluctuations in
type I, type Il diabetes and diabetic liver
disease assisted by theoretical calculation.
Talanta. 2024;268:125298.

4. Nogueira JP, Cusi K. Role of insulin
resistance in  the development of
nonalcoholic fatty liver disease in people
with type 2 diabetes: from bench to patient
care. Diabetes Spectrum. 2024;37(1):20-8.



¥ o)l.o.,.'f: AY 0,99 AAEAY

S Sedlad g 0558 (658l 5 @ s

11.

12.

13.

14.

15.

16.

17.

Elekofehinti OO, Adewumi NA, Iwaloye O.
Antidiabetic potential of Chromolaena
Odorata leave extract and its effect on
Nrf2/keapl antioxidant pathway in the liver
of diabetic-induced Wistar Rats. Advances
in Traditional Medicine. 2023;23(2):513-23.

Memisogullari R, Tayst S, Bakan E,
Capoglu I. Antioxidant status and lipid
peroxidation in type Il diabetes mellitus. Cell
Biochemistry and Function: Cellular
biochemistry and its modulation by active
agents or disease. 2003;21(3):291-6.

Amanat S, Ghahri S, Dianatinasab A,
Fararouei M, Dianatinasab M. Exercise and
type 2 diabetes. Physical Exercise for
Human Health. 2020:91-105.

Papagianni G, Panayiotou C, Vardas M,
Balaskas N, Antonopoulos C, Tachmatzidis
D, et al. The anti-inflammatory effects of
aerobic exercise training in patients with
type 2 diabetes: A systematic review and
meta-analysis. Cytokine. 2023;164:156157.

Ghalandari K, Shabani M, Khajehlandi A,
Mohammadi A. Effect of aerobic training
with silymarin consumption on glycemic
indices and liver enzymes in men with type
2 diabetes. Archives of Physiology and
Biochemistry. 2023;129(1):76-81.

Erlich AT, Tryon LD, Crilly MJ, Memme
JM, Moosavi ZSM, Oliveira AN, et al.
Function of specialized regulatory proteins
and signaling pathways in exercise-induced
muscle mitochondrial biogenesis.
Integrative medicine research.
2016;5(3):187-97.

Hall ME, Rizwan AM, Hamid A. Cardiac
Biomarkers and Exercise Training in People
With Diabetes: When a Negative Is a

a9

18.

19.

20.

21.

22.

23.

Positive. American College of Cardiology
Foundation Washington DC; 2023. p.
100193.

Zamani M, Ashtary-Larky D, Nosratabadi S,
Bagheri R, Wong A, Rafiei MM, et al. The
effects of Gymnema Sylvestre
supplementation on lipid profile, glycemic
control, blood pressure, and anthropometric
indices in adults: A systematic review and
meta-analysis.  Phytotherapy  Research.
2023;37(3):949-64.

Nani A, Bertuzzi F, Meneghini E, Mion E,
B. Combined Inositols, o-
Lactalbumin, Gymnema Sylvestre and Zinc
Improve the Lipid Metabolic Profile of
Patients with Type 2 Diabetes Mellitus: A
Randomized Clinical Trial. Journal of
Clinical Medicine. 2023;12(24):7650.

Pintaudi

Gotteparthi S, Kotaru M, Krishnan SA,
Sridevi K. Evaluation of Anti-Diabetic
Activity of Zinc Oxide Nanoparticles of
Gymnema sylvestre Extract on Wistar Rats.
Journal of Drug Delivery and Therapeutics.
2023;13(11):31-8.

Al-Mosawi A. The use of Gymnema
sylvestre in the treatment of diabetes: The
available evidence and expert opinion.
Current Clinical and Medical Education.
2024;2(02):29-31.

Ghosh AR, Alsayari A, Habib AH, Wahab S,
Nadig AP, Rafeeq MM, et al. Anti-Tumor
Potential of Gymnema sylvestre Saponin
Rich Fraction on In Vitro Breast Cancer Cell
Lines and In Vivo Tumor-Bearing Mouse
Models. Antioxidants. 2023;12(1):134.

Khimmaktong W, Komolkriengkrai M,
Matsathit U. Therapeutic potential of
glabridin and gymnemic acid alleviates eye



ul)ls.o.:a 9 oa‘}s;uo

S5le® (ppe5 4 0S b

24,

25.

26.

27.

28.

29.

choroidal thickness and neovascularization
in  diabetic model rats. bioRxiv.
2024:2024.02. 08.579467.

Chen G, Xu Y, Zhang H, Muema FW, Guo
M. Gymnema sylvestre extract ameliorated
streptozotocin-induced hyperglycemia in
T2DM rats via gut microbiota. Food
Frontiers. 2023.

LLabre JE, Sroga GE, Tice MJ, Vashishth D.
Induction and rescue of skeletal fragility in a
high-fat diet mouse model of type 2 diabetes:
An in vivo and in vitro approach. Bone.
2022;156:116302.

Celik H, Dursun AD, Tatar Y, Omercioglu
G, Bastug M. Irisin pathways in hearts of
Type 1 diabetic adult male rats following 6
weeks of moderate and high-volume aerobic
exercise on a treadmill. Sport Sciences for
Health. 2023;19(2):597-605.

Kim H-J, Hong S-H, Chang S-H, Kim S, Lee
AY, Jang Y, et al. Effects of feeding a diet
containing Gymnema sylvestre extract:
Attenuating progression of obesity in
C57BL/6J mice. Asian Pacific journal of
tropical medicine. 2016;9(5):437-44.

Piralaiy E, Rashwan Ismael B. The effect of
aerobic training on SOD, GPX, TAC, and
MDA in heart tissue of rats with type 2
diabetes. Journal of Applied Health Studies
in Sport Physiology. 2024.

Hooshmand B, Attarzade Hosseini SR,
Kordi MR, Davaloo T. The effect of 8-week

aerobic exercise with spirulina

30.

31.

32.

33.

34.

supplementation consumption on plasma
levels of MDA, SOD and TAC in men with
type 2 diabetes. Sport Physiology &
Management Investigations.
2019;10(4):139-48.

Xue X, Kuati A, Cui G. Letter to The Editor
on “Effectiveness of combined aerobic and
resistance exercise on cognition, metabolic
health, physical function, and health-related
quality of life in middle-aged and older
adults with type 2 diabetes mellitus: a
systematic review and meta-analysis”.
Archives of physical medicine and
rehabilitation. 2024.

Kang M-H, Lee MS, Choi M-K, Min K-S,
Shibamoto T. Hypoglycemic activity of
Gymnema sylvestre extracts on oxidative
stress and antioxidant status in diabetic rats.
Journal of agricultural and food chemistry.
2012;60(10):2517-24.

Laha S, Paul S. Gymnema sylvestre
(Gurmar): A potent herb with anti-diabetic
and antioxidant potential. Pharmacognosy
Journal. 2019;11(2).

Hajare R. Comparing modified and
relationship study of Gymnema sylvestre
against diabetes. SF J Pub Health. 2018;2(2).

Mandal SK, Rahmat S, Sakib K, Mehjabin
B, Rahman T, Rasna IJ. An Assessment of
Anti-diabetic Effect of Gymnema sylvestre
in Alloxan-induced Rat Model. International
Research Journal of Gastroenterology and
Hepatology. 2024;7(1):29-36.



