[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

FAF-YAA (£ 6 Lack) YV 6,90 1P+ ) Wikl 3 (paga ()l ol asd galiis g Caalus ddano

9N (99U (9 90 3 gt WS S8 43 6T i 9 BCI2 g Bax & Gl &l i
99 9 (ML LG 3o Jbgy J) 3 eolaiut

oW sl ke Llile Mgk e e Sl 3 pas

a.\&

Sl iash Oda sl Ssual 5 8L aedls Eel Ll e a8 cul 550553 Golew RAELE 5 g8 ol aedis
S35 g s S 53 by J5 5 sl cp el 3l e AS 3L S5l b e e 03 Ol ganllas

Lo mIkg 25 STZ Gy 5 o 5 by i VoSl o oS Loy 5 plmo i o T8 Jlassy (olel i ped il iy,
jJj‘QJJQ.':QJ.::SUJST\‘);‘;:{Q;LSLAUL)».MA:}JSTJE);pstj} ol svlamg/dl Fr o100 s il SIS s
BA L laids ¥ s sl boamie 5o auda oy (sl op el s s Oy gots o ped IS0 A S 15 5 -0 el
033550 @l malkg Ver Ol 4 J5 558 5 vo2max des 0F B0 L glaids & ool izl sl 5 vo2max s s 4
b bl s Oy 5 ale s 5 0, bS Slls el g5 Sl ealizal b assls o A3 033 oy a3 (L 4z

e sl a4 Caslie Lastli 5 SIS s sme el w4 s oslS o el o ES 0s S L anslie s sl 0L @L:J ‘aasly
sladshe ;3 Bax/Bel2 ci jials 5 Bel2 oly iul5sl s Bax 05 oly 2als 4 s,y J5 G pme 5 o5l 08 pomen A
(P<0.05) i 2eie S 05 S L awslis 55 gAS

5 ol 4 Caglie 5 g3 el s a5 talS 4 e b slacy s by IS L el ks slags e i S 4ot

A S (sl G0 Ol Ly cwlie Sl s

Sl sy J5 53 g Cubs (sl (05 1 klS OB 315

Qlﬁ\‘;}‘]@ﬁ aLsAWw\JUIeKJJ\J ‘C;u.:.bdjr}ls« REs P ‘fijjj rﬁ}@@%}ﬂ.ﬂéda};—\

5oy (lisat g o gle ualy oDl al5T sl&aals (Solan slagd Llsh ol&ails flase gl wagd o S50 el (e i iledi ™

L;uu:i &Jd.u.c VYVYVAAYAQD é&uag:s <ANYFPY VL RY usl: ‘Lf'j";JJ f\’l‘: K} u_u..‘ CA:\:t_)S L;AAA.AA:‘ 0\9; (GCLA:A‘ 9 @Lu.u‘ e.J.‘.c
h-abednatanzy@srbiau.ac.ir : s s 3 coy VVO/VYOND

VNV Y0¥ 1 ek e,y VNN VA s Sl g3 59 Gyl VEO /2408 bl o g,


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

PSR P12 ssnl g 5 S S
Sl e S iy ool Wl S
Lol s e A Bl oy laoss) o yid
O S P 0 W S SRSINES W B WP R
b bolest =5k ol S350 ped S 00
Loaldl o d5os cdbs 3b cplaly [V] das e il 58l
Slady 31 S0 ol s 35 e Sl s
Ohlas @l ok e S el (S 5 Sles
Gl (A s am s s Ay S Ll e
5 b dites O GBS )5 dined pdious 45 Ol
5 GRSy 0> Hios Sl 5 by e plnil EE «
Sl e il slasges bl (ouls 5 Sl S
Ly ol 4 S8 s Sl paed el s Sy
SIln 525, Slaglaw wile OF 51 36 25050 5 Slr
S o s S amsl 3 s Sobs 5 o S Ul
A5V sleoas L Vaeme o ks sls Sl el
Do 5 oS glacal it oyps 5 b OL,S Sl ds )
5 AL o ,S e bl 4ids Yo Sl a8 s Ol
FEP S s Slas b min s ge 038 S
S5 Gk S e S plin s (S5l e S
Cod Cate S o L o S rw)y.tf’ (S I
ks sl Sl e elsil b ool S IAT das 13 3G
dalgt S (i Oae i S35 e &S sboles
soals bwg sl GladlCsl, Wp w5 L [A]
58S saslse 3 S sl sl g s 505 Sl
Sy bolaly 8l ol 63, S (o 3 4 |y s
Sdosl, W5 5 cals 5l S0 ke (Sl fal
eS| Bl elge Gme e en 53l sl
AN sl 53 6ol Olis AL JGe Lilg s
oy Sole 3 0L Slaiss Sl sl b b s
Colis e 2ol b 5 S Slass L 0T L 5 S (5K
laoslas 5 ssls OWLS 5l eslizal ojs 0l as [2alS |,
5 ol OLalS ol asl sl s slen Oless gl

Soolse 5 a3 s Olas s les 5l ax ST gl iz

PRV

pde Jsa & ol 32,0555 Golew (pSmlE 52 gy b
GLolis 5 o3 Jolad 02, e 1 55 SIS Jeos
U S e b (S plie Sley a3 ) e
A S s sl 4 e (gl 35 Ol
Pl oy 518 Al Ly 5 558 e asela 5
S350 D] den A 5 Slda S i
Ozl 4 b S son 00 sad e sl 4 plis
Ol Jske 0355 4 Gl & L5 ad S8 5 03l iy
oz 5l szl LN S5l 0553 e e (olew cpl AL
ot ol Jelse S S Ol 5 S e 1 as
S e DU L 55 e 5 4SSV
0 AS by 5l SIS (ilue s 5 il b g 05
Mg R Gasb Sl o a3 B [T] s et
W e s Sol wi iy b SIS ol OV e
G, W s Il 3 b 5l el glds),
S 538 o VB 5 56 semd LSt s e 13T 51555

DT s sd e e dsbor ol
L e S e 5 (BL aelo Col Wl o comen ol
B b 5 by S smal sk sl
s 9 Ay 0 1 e S S Cl Jel sad Cbles
DF] S o Wl 0350 sLad s plitgil 5 3l sio g caglasl
Ll oo e opl 53 @ 4S5 s o Ol Ol
e S o ol 5o 5 a8l ier sladd e sl
S 3 sl pard SRl sedias 0L Sl [0] 54

LSA“ NETURN\ 50| ] d:fl 53 6L_A4L_Jjw

Ssusl Ly dmes Sl Jdde s (ALX) Ol.S
B Jibw dlax Sl (6 )lS s ol (i bws ke
oS 3 93 4 oS (BCl-2) Y-p il gosl gl slagnts
Jols sl A LaoSsm npde pladl Lsd
o ST g s s Mcl-1 5 Bfl-1 Bel-XL Bcl-W Bcl-2
s Bax Bak BadBcl-Xs Bid Bik Bim |uls sl

Lo 03 md 3 oo (15 LGl s & HIK


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

(P oglash) YY 0,90 A¥e ) aideul g Cpaga (ol gl peusd galie 9 cuabas alae YAS

Ldd sl cped U el Easn cpl Gda 1
il Sl S5 sn sl Juss J5 o jern
O el JLsey Gime 5 05 3 g5 b Glaise AS
ey Ll S o el atis ks plasl LT S 55 e
AS il SSmal sl 5 s sloerls n by J5
o oa el el 23U 5 5yl 36 s g8 Al slaise
Km0l 8L L Ol e b Sl s
DB s e S ladi a5 el el
Gl b LS s Juss J5 el As 5 Slns| s
OBl bl sl 28 @5 b cmlne osls 5505
SS & e,y 65,5, 5 s Slallas gl 5 il
ol s s Gl sy ol Sl Jel GLJ W RN WY
GAS Sl 5 s B il ol 5l L sl e

.DJ;)\J_; oalail J)ja};}a )

L S,
3 =S s a S oy ol gadles S Lasn ol
f’ibui.a}}éé)bidw\z.Mf@\f@b}]@)ﬂ&
S35 ke 5 5y YO B YO L gl L Ol Sl
MQ@))@KAL{LA)TMLLﬁuTWJJJ‘mef
SV B S 513 o ) S W AT (Sl 055

slge a4y 3l wfm>jgﬁ£ﬁj)l{q.lﬁ(ab0)m%
S s (G A) s J xS o5 8 F 0ol 5 ol
55 s ols uped G A) Jlgs I Gl ) s
\")bﬁ*c\ Jgjﬁj, QQQ)Jﬁ&MM(ﬂ\')JQ))
d) ‘<J'“'d/\> JN.LJV.»J L}.r)u U.LJQ-.; A(J.w?) qubﬁé JJ:.\S bjjg
SU G A) dbsy J5 5 il sl o sed (e V) dUs,

Lk
sl glos A eslazal S 51 LB L Glas Sl S

Casby 53l S Sle a3 YP B Yy Sl LS)\-‘&J’“

S s s e s ey ke OF 51 AL
2 mal bid 3L (g me ald 0586 T 1 (b
S Sple gl Oloys 5 K0 Gl e b
oslital w5 AlS Glagls 5l o AS 5 ol abex

DY 550
Cod ok bug oS Sl 25 a4 bl dide el Jbs, JS
5 o plad o ale s b 5 i 5 SO Gla s SO
5 dbss I3 esdie Gaas Ay enss db s lag)Y
5SSt BT S il W O s ded oS 5
(el LS Ol bl LS ol SLds Cosls
Sl DL sl e lagyls 5 O SIS AL
o e VYY) .,U)l.lfﬁa ol a1y sles S
olS s 5 05 S5 S 5 S 5l Slable )3 ags
SalS 5 O A3 6y Al Ol b Dby L3 5 sl
Slwsl ol bl 5 OselSTy —
ol o3ls OLES 1, SOD 5 GSH-PX CAT wile sl.s| z1
Sl b e DS 5 Sl edes jsbay Jbs, J5 D FNC]
daderd daieSsp dile podl oS Zusl 5 (S5
ol LSa5 s3] ael (gladesl 5 dns 3l g0 da sl 5 a3
el (el Moy Kb plalyy (sl 5
S aeS polhe 5 Sl s s (SUB dl
(it olS il e S E 5 A LC D slaglys
ea RY ol Sdan 3l5n 380 5 (555 oA (e ol
Sl s Suidsm el R (ol esdle [V VY]
e ol s e i 3 Shes 052 L5 3
S asl anils oyl 4 Caslie 53 5156 R & o
sk D] 5550 435 5 53 DM Lol s ol sse,
iliss slassn (b JoSa b e (55 andlles S o Jls
S ials o (b SS e S e Yor 5 00 Jby, J5
4 Caslie el 5 op o gl mhaw 5 S g 05
L R A N B R T e T
Ul @ e Jbss I e oS Clible 5 ledlos

[\QL Y']&;».w‘ e.,\:.w)


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

5 ST 5l o i b e 035 Sl 6l p
(ole 0) axta Yo Sdews ey poled s Jas U (5,850
Gy buy ol ag oo W o5y Cod
JS 55 o3 X0 Jal S b 515 0l g5k
YY (o t; YY) Sl oFss Ol edd Grle o
el oSN s Sl S e S 5 s b S
Prooma iy s b Vo den Ao s YO ot )

[YYg \‘Y’] (\ d).,\y-) Adesla ol ¥ Odeds ko

VY ooa s bl et o s o3 PO B 00 350> o
05 S A eSS ban s By ba LSS sl
s g i Saley aELLGT Sl (551548 Il
A5 il skl o s 3 e bt
5 3 sadowl O e 4 ol Gl Sse ot
sy s sl s Al e Orslag sl s O

LCls

s slaghige 51518 g w3 s 9ol S i) Jgaa

180 o g lis 150 © 5 gls &l slie osbe
\g A Or/Y (1) &l hn g S
i A Yy () Ssp
) YY o/ ) e
o 0 - (Kcal%) g,
oY f/A \A (Kcallg) 8

J}Ul)éﬁ.slj.a 6)5}:3 b,y Jdi s okl s oy e @ﬁ
A eSSl bl g0 el Sl 51 s ol
S b oS s il el (e 55 015 e ]
Sy Zosod 5 Yo e les 35 et JUT b, J3
S 0 ars besY s Gk 36 (‘Klﬁ 5 edd (5)15aK

LYPYV] s 358 5 e leie ST s a3

L 25l S S8
OlL,Kea 5 Rodrigues |SS5 5 51 SSlas S e (Sl
e Gl Sl G b OLgs el sl (YorV)
MERT (Maximal Exercise Running Test) -y o5 cold
Srar O3Sl Shs Sl Gl eslil
Lile) eis Olpl & s ede Jdsa (VO2max)
plnil slatass 4 s b s (i bl BT olens
DA el appe by CEs L s b IO el
S 2 s LSS e g 0 S LSS ol 4 S

5oaa Ve oden © ozt 2 el Sl by Ul gl
pre0d STZ 5 edd agd 050 Jsbms GipF e
YO) Gle Jxb opsen s G BB SSdnd
A GooF 3 omp s S S el (o S5k S e
ol Gl oo 5 S S Sl bl L okl O
oSaws by 5 4 SHI5 s SHS Ll s 0
O O A3 5 03 S (Sl 5 Al ekl I e S S
3 Olabl (sl solne Olsear 1) /o S e ¥rv L NO
S i Olaebl gl s a5 L s culs 4 o, (Ol
B R I R T R I
5 ol 5 SIS 5l Jasw g3 5l (S0 sl
el &S i (g, Sl Ll o gl 0 Canslin Lali

LYFY0T] ol ool Laasly Jlus s O
035 5 sy 5 o5 S i 4 shbel sosss b s
Voo e b odbss JS s osls i es 5 sy 5
5 ke Ol 53 edd 33, (100 mg/kg) e SAS p e S e

J s = J5 5 d5 e ,S aania 3 55,0 358 G, &


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

(P oglash) YY 0,90 A¥e ) aideul g Cpaga (ol gl peusd galie 9 cuabas alae YAA

Aoys OF B 00) aids 43 2 YY G5 e b ol
S3o O Dysea aids YF V0 Ol (vo2Zmax
53 akds VP 5l Odss Oley aSosbay okl plil Jees 5
lac, sl Al 5l A gaia aiss VY 4 Jol gauan
o s b il e (S5 £ 3 4 i S
Ldoss o ol b adds 5o 20 0 S pu b atds 3 5y,
J5S 05,8 Xy oly foes 5 (555 423510 5T 5V Ol
o Jeo 5 S oS e s sl dsb s

(Y Jad) [YAY ] s,

23 Ve b03 S o S i3 0 Sl oy eSS
Fors aids ¥ Odeay 433 53 10 V0 S b e 4233
0358 Loy ak33 55 e W agIS T 8 5 A5 S Okss @
(S35 3 Jond aelsl Ll S La g 51 plS a4l b
Olgets & O idew, Shbls 4 5 Ll JL Se2
Sl A s e e 43S L5 53 OUT Sl s
S s as S L s MERT Uo)s A0 B AT (s op el Sl
boers Lol el Y dsis s JSSsn saeds
5 OS5 e 2V DL 5 0 sl rasy
5o 3l (= 0.94-0.98 P<0.05) 315 3 5 5 lac, VO2max
Iy lac, VOZmax Olywe (93 o 4 a5 L Ol 5 o0
(Silsd o ed atis Coia 4ol e [YA] 35S s 50
S 3l AL Ol o S &\plpm);w@

ks 5 (VoZmax Lo, 4 B AY) agds b e YA JIYY

Saaedi (o3 9LS (2 el JSB 9 52 - YS9

x5 ok Spw S ol oas ol 0L JRIRR
L Ogls Co e s O gls Ol Lad O glislaas aan
(aads) aads 005 S ol gl o al aads 005 S
FPRTAD VAN by S8y [ A
\# aads 53 ge e a3 ) aiss ¥ sl Y PPRISIRCAR f‘ga‘gdﬂ
(azds s (agds j5 2 Yr)
53 e \AY OY
Yy Ve aads ) (azds 53 2 YY) UAD azss ¥ csls f Ve pl.gfjr‘,..«
(agis
05 e Vo)L 0Y
YA Ve IR N OVRTNIEN 4 SVAL s Y ol 8 Ve Lh g g
(s> - et s
53 g YY) OF
*f Ve Gds\ o (Wids s e YF)/A0 Wids Y sl A Ve (e 5 ok
(aiis ' .
(HOMA-IR) - ol &0 Canslis sl a5 8ol S S 4 ges

VYT s asbs g 5 sl L

(HOMA-IR) 51 sl 4 s slie=
(UML) - 5ot X (mgldl) S 08 /F+0

A4S 3L BCL2 yBax o3 Ol ),
oDl 5 i 05 Ol g Sesll ke 4 5 AS il

ol ) golie s Jaxe Al Ju)ﬁ;@@uoj\@);

Sl o AT g Sl YA 5 03 (o553 sl
(2il Coll VY 5 s s el o sl S p s
Lt GLS  Faae Sl s o el g b
5 i sl BBl ,S0 Gk Sl 0 bk sl
5 Kas 31 eslaal L JSj.lf A L;)\.ij =Y by s


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

FIRE Script RT cDNA Synthesis (Solis BioDyne) .s
Gl e A o3l JUSH Yo e 5 4 5 A antl
Sy5e e sl S S5 BCL2 5 Bax 05 Oly o)
Li 1,k Primer3 Slsdle 5 Loy Gags ol s eslacl
Jy s S g (K 35S <SS, by

el 0 oJ)_gTY’ J)J};)J oslaiul S48 Lgk_aﬂlﬁ

o3ls 41,5 RNA later (5, b o Jole ol sl S
0313 13 51 S e (gaz s Yo e b 3 e 5 A
RiboEx Total .S 3l eslacl UL RNA e gal> 0 5 s
52 5 A gl RNA isolation solution (GeneAll)
ols 5b olaus Sl eslizal b 0T S 5 (oS s n olg
S 0Lsabl 3l LS bl oy SO 58T U5

3l eslasl L cDNA o il RNA .48 5 ol

O 95 () ya culdicul 0y g0 (LA yasl y3 T J gun

Oligo Name Genes Primer Sequence (5' — 3')

Product size  Amplicon, bp Gene Bank

For: AGGGTGGCTGGGAAGGC 17

Bax Rev TGAGCGAGGCGGTGAGG 159 bp 17 NM_001191052.1
For: ATCGCTCTGTGGATGACTGAGTAC 24

Bel2 For: AGAGACAGCCAGGAGAAATCAAAC 24 NM_001191052.1
For: AAGTTCAACGGCACAGTCAAGG 22

GapDh Rev: CATACTCAGCACCAGCATCACC 164 bp 22 XM_008759265.1

aasl
el 0l L1 F Jad 55 andlas 5,50 (gla ise O u~<k~’
win Yo 3l e b Bge O3y das o O Y Jsd oS5 sb0lan
5 s By e 5 3L s JB B on
gl Canglie Laxls 5 sl 5 SIS o g Sl
5 S 5 el (5 Se sl 0> 3l oS08 3 s &S W isa

o e 0L 2l

Lesls Jdow 5 4525 )
oo 5 5l (Nl Bl 5 S0ke) o 5 L] S
oobols s bzl LT 51 as esliad Laesls
5 oy S oy Sl aslin Gl dnd 05030 5 @b
o3l s L2l 5 ale g3 bty o Osesl
Sl bl ale 51 a6 Ol s sl S
Sai 53 PSe/e0 (guls pme ckw 5 A eslanal i

9 4.1).>L.; SPSS22 )‘Jj\c;’ )‘ oalaul L; aeals 9 A 4.:3;

IENTI WE

S 9 HFD Gy 53 a3y 3 s (sl pam (SLAGE g0 (1l gudl s Cao gl 9 55315 9 ()39 dal gl oo 3 Ciledlal —F g
P99 £90 b Al (6153 STZ by el

HOMA.IR Q@uI/ml) oy gl

(mg/dl) ;8 §8

(65 Sl 5 om 039 (65 IS5 3% 033

Y/08 X V/¥Y Y/4Y £ /¥4

ey £ AYY0

Yeq/0v £ 0V/2Q ARAVAR S-SR VAS4

o Caslie jaslis 5 SIS 5 ails Al o)l
G 5 BAX 03 Ole 5 il [2alS azia A 51 e ) gl
ol 2als J5 = s Jelad 5 o a3 5l e Bax/Bel2

byl Bel2 05 ol s

5 oSl S S 05 ey Sl 0 Jous
s g ol Ol sl 4 cwslis esls
23 O) s e Ol 1, calises 6Lhojj§ 3 @‘J’W

clle B als U':'J-‘J’B\ aa A o S élﬁe_};


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

(fo_,hu’i)\’\’a_)‘g.\f\\‘“\ALM|5QA@.OIJ:||W3,\GA3CA.3[:M“.AA vq.

Alids slas g S o Lo yuade Suis g iledbl -0 Jgua

(A dbs, J3 s

o eV dls, 5

()u/\)‘;)‘gw"f_,d (,w?)djas 6};/}::5.:.4

FYV/EYe £ 05/00 FAV/EY £ YY/84

YYE/YO £ YY/YY YTV £ YO/NY

\YY/v e £ VYAV YYV/OV £\ 0/vE
AN X ONY Y/AV £ V/YF
YE N /PA /PN E YT
AN A= -EVA ¢4 /AL £V /OY
+/AY £\ /2N 0 E NN
/) E YA C/OA £ V/YY

TV ESYFE YAREE R XNEY (0 8) ©z s 3 om O3

FVFAY £ OF/YA ¥V £ VY (¢ 5) s oo 51 ey 05
YWAYO £ Xe/o¥  YYY/AY £ Y474 (s 2 0 B bee) S 58
VYO £ £/YY </OF £ Y/AQ MUI/mMI) 4 g
YO XY/ XY EYNAA HOMA.IR
VAV VALY \ Bax.gen.Fold.cheng
+/A0 £V /VY \ Bcl2.gen.Fold.cheng
O VAN \ Bax/Bcl2

05 Ol glaadly
I Lol e 5 Bel2 5 Bax 03 ol ¥ 5 Y 5 slasls yal

.J\Abd Olis Caliss éha;; BE

Fold change ratio(Bax)

2.00
1.50

=
o
S

® 050
0.00

r

Fold change
o(Bax)

= a Control
E
137 G
e, BN .
Groups

Fold change ratio Bax Gen lids slas 9,8 ju Bax o3 ol -V Hlagad

Fold change (Bcl2)

2.00

1.50

Fold change (Bcl2)

1.00 .

' 1.73
0.50 119
0.00

I

= Control
E
G

mGE

Groups

(Fold change ratio Bcl2 Gen) Jilisa stas 9,8 ju BCI2 (45 s -Y ,lugad


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

Bax/ Bd2(Fold changeratio)

150
1.00 |4—|
1.35 0.29
0.50 1.00 )
- ]
0.00
Control HIT Royal.elly HIIT&Royal.
Jelly
Bax/BCI2 ey ¥ la gad
9 Lbaj;_;\ e)".)u'l) L;.»LG 92 Jm}\i)b J:bd @Lb i J}J\} QL:J JAJL;c QL:.: W}? CJ)MM. _;:’Y‘ 9 Y 9 \ L;Lﬁjbj.«u
MJL;G QL.;.; b uoj;w Qjﬁ)T @L:JJ:J JAL&S} &ju k)i)A: w/\)leaX/BCQ g:M.M.:jBaX (,)j

el 4l 21IBCI2 05 Ol g 4l Al J5 - s

Lao 9,8 il 030l 523 9 (el g clale gu (uilyylg Jadad alis - # Jgua

Codad ol 9 095!
Sy FSleojll Sig. F 89,5 &bl (ad L/ yuice

P=./svy R e AR ANEERYAN i ¢ Ry (055) o359
o[y <[085 Ninns Jbsy J;
<I\¥Y o[+¥4 ¥V Jbgy Ji%cpyes

C&E. P= /. 4\ - Ivay feeey YOI Oyl () owd 32 0,5 o) 3595
E &EG. P= ./aay - IVVs JeeeN  ASOY Jbsy J5
C&EG.P=-/ooy g eV VA gy JiE e

C&G. P= /-4y ofee AN /R R o () e g 909 95500) (o gu]
AN o[58 \¥/al Jbsy J;
NA ey RS gy Ji e

C&E. P=./.) ofeee Y YENY Ry O gmdl & Cwglie as s
C&G. P= /-y ofeey A% \Y/VA Jbs, J;
E&EG. P= +/.+) AN - /¥ YIVE  Jbgy J5tomyes

C&E.P=./..vy <[¥ay Jesey  YYIY. O (Fold Cheng) Bax &yj ol

C&EG.P=./.¥

G&E. P= +/+. ) /AT -\sY Y/-A Jbsy J;
Y2 00 IYEA by JiEcn e

NANA¢ o[+A Y/vs O (Fold Cheng) Bel2 (5 oy
ofes NAY) AR Jbs, J;
ofep Y- VY gy I e8

C&E. P=-/.+\ 5AY e ¥y o Bax/Bel2 Comw
C&EG.P=./..v o
E&G. P=./--\ o [5Y <YV Vg Jbsy J5
G&EG. P= /.- \ SRR < [5¥A VY Jbgy Jisomyes

C=d s E=pp,wi G =dls, J5 EG =Ly, U5 5 opped


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

(P oglash) YY 0,90 A¥e ) aideul g Cpaga (ol gl peusd galie 9 cuabas alae vay

Sl ok o Slafige (555 o0 5 L0 el Iy I
Ols sl sBax 0F Oly hals 4 s a5 Al el 2l
A 5 i es JolS s S 2 sl S 53 B2 05
ol s Bax Ols Jrals (Y414) O 5 Jabbari Ll
I G 5 Gilsa el aws S Ll [5Bel2

Jole GlBl Lo s ol 5 XS GBS mills
—dl S el ad 4 o sad b AS L BCI2 (55 5Tl
ST 5T Sl S b e Sl S LS
Shestirad Lol b jed 5 oo )5=d1 o goealS
Sl Bax 558U Olse 2 ols e AU ol 4 JoSs
23 P 2p seen gy B LS Y] il us
et 5 3 Sslie slodss galrlte g Wl Jtags
G320 DSl az S Loy 50 ps b s Sy Je
by L ool S bl asiie s Sl
eals QLIS VY] ol woslin OIS g5 5 Jsk g5
S35l Wl o 505 et 4 el 02
2l ol S sk 03 1 (3 Sl b Ly S S
Eo S L slaisly O s oas o
S,Shes 5l Olowabl Jga= Col Wy, ol das o
R g A e e
Lo S5l boodd Groaby S e s w1 sk
la, ySU Olpeans loss GlagnSsny Alb ol s &S
03 &S daes Jele Ly oul b L 6))_.;)41
ol oSy Omen oo S WLS 5 g
e Gl ot s e SIS
G 5 Dol g S5mal @ dsbe Conls [19] S
sl s 5 5 Bid 5 Bax) iyupl iw sla, S
ol e ste ol Cdd> 3 5 340 Saes (Bel2 5 Bel-xI)
S5 V] 5 g e 1y s St e S
Sl S Sy e Smal e s bl
S5l & Conbem Sl wle &S 50 e KBNF Ly
L BeI2 Sl s slad w2l (o 553
55 Bel2 ismnl o le VU 0L [YA] &S ool

el Fie S 5 Shes g 5 S 3l el alS

i 5 4 S Ll e bzl b &b 7 Jads
5 Sble g ol bt a5 das e OLES 1) Loy S o 4 lie
Gl Gl g S e pasia [y aJale 51 S pa el jasls
5 =gped Jobd 5 Ll ool el 4 ba Jd
GRS 5 gl Gl Bl 5 5 SIS s pme S 4 e U,
Lot e diiss o5 b Glaghsn G il & Sl o sne
<3l 3 5 Bax sisml Jle 03 0l 3 5 L3S xS =0
Sisnl 1o bele 03 Ol (il 4 e 5 ol JhalS (saS

s S la e opl AS 3L Bel2

Cou

5 lE oslS el oS s OlE sl fasn slaasl
gl IRl 5 5 SIS s e falS 4 e JUys I
NS mbs b fose o adl 4 Coglie s pae SalS
Jole 05 0k s S Cox g i boedd wdis
DlBl 4 e 5ol talS guS al s 1 Bax (g3 sy al
S sl A4S il Bel2 simml 45 bl 05 ol

38 s bedd Wi s g b
ol b S am agh s (YO0) OLLSes 5 Jafari
Ls U b ol b gelina] Ol 0l aes VY
255 5 e esS e BelZ s Ol
Sollne Dsls Sy glatse I3 s JuS
(Yorv) Ol,Kea 5 Ahmadiasl oas [VV] ciln
AL Lt SAE L (3158 (e in VY oS sl 0L
S TY Ll Sl s sl oge 30 500 Sl Ol
orber sl O el el ke YF
OLaa s Marsh colg 53 [VY] das o Jals (g sl
(win VF) Sde ks (3len Ol el 48 Wsls OLES (Yror))
sl Jsbe BAX/Bel-2;5 Bel-2 BAX Ul 5 5L
ol @i s Y] L ks 5ol UL
b as ek plnil b hpe (IS 3L (g, oS Wt
POl sy oo S Bl Sl op Sline Sl ey
Lo Joled 03 5 e oo a5 25 Sl e ol slS 0y el o


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

SIS Jll 3 b 5l baes 5 e ol S Sl G b
ool SOl LS Slides e 358 (o sl Jws
Cils podawgie CUE Ll Dl e s a5 sl s
dive cpl 5 Cod AS G5 SIS S e SIS
Lo DI o part g3 sk e 0SS el 4 s
s2ios Sallad S Ol e ol p Gl s el
35 b mls sl s SIS ke Als
St b b Ll (Sl andls B e IS5l
W5 S e 50 5 AS 5 e (3L 55 (5,8 52
S5 osba GASS IS W5 oS el iS58
£ g D)0 ol Oleys Sl Kl o 5 Lo 0 D 1) Cubis
Osls 13 G CiS Ulg e srn 0,8 3 eslad
L oS g Ll 55 o SGS85 5558 s 3 25750 Gl

[99] s 3 g
o3l Sl s LS 5 Sl pslie sl 5 dbssy IS
STYF - PP R VS QNG POV I ORI PR R PP
Lo 5l LS b ) s s il s ielS
S Crge DS 5l IS e b by e
(oS pn GaS 5 A s Shdas S e sl
Al Sl s Kb sl 4 aslie s ek
Lo 5ol S e Caniloe aledl Slagaly 5 sl
o Sebs 5 Ois Sl 5 (eSS posas )
L dbss J5 el oSae cnl oy [FVe FA] 08 o (5,8 ol
03 ks glaise 055 SRl Sl o S5 Sl s
2R s L e S S Sl saalllas
2 s el Jbss I3 s et 058 03 en Los Ll e
SRl a5 sl 5l e Vsl oa el o5 S
el amd s Ll gladlns s Wose,se Sl
s oge v g 108 3l s S, 5 Ol A30s el
e i Jlss J5 55 5 cned o8 Vanml 5 asil 1330
eSS 5 ST sla i 53 ol o3V oS s S e U s
G Sesll il 5 3l b das e slaliy s 5 5 a0 e 5m
IS e GME Olge 55 5 058 e DL

U’ll &L@Qﬂ)).\m )JD-ASJ}J: Lg_};a)l.bl JL”JLMLAJZ}A

Sosel e oSy (P50s Sl s byl
s SOlis ps s el el sugs 4 S S8l
Sk 3l Wlge iy codled oSl sld edalin
LS s GRIP s B Snalan s LS
Sl Cops S Gl Jlge s 3 5 Bel2 Sl
¥ kelS sledled b 55 4 5Lals 352 4 5Lls s e
w81V 550 Syl gy e oS 0 e LIS e
S e ¥ 5 4 Sl gl Sl G
335 Cgmimn b pole G Slaiussdos 5l LlS
L —iios ol oS ad sdalie s Slidew 3 Js
Yol s 5 4 ST Ll cJle hals
axksd 5 5yn ] Wle ol 5 (A s 53 5l LIS e
S Olgeay ialeST il [¥0] 555 DNA 0us anks
5 French [fV] el Ladyle 53 5usl o Sl
O.(N: P S JE\.A;— Ny s e olas (Yoo ) 0K
s Al Sl OlST ST Gla 5T s Shee 55 o
ool b il 28 el kass 5> MnSOD
3o Sl o Sl s Cueal 45 ol g NI
3 S S lp Slaks Olpea OS] ST Al

[EY] A oo e 55 50
Uy calie lais, oS Wlesls OLis Slalas
Jelse plo 5 ondS U2 (il & ol (20
ol o3y QLS o 4 Ll 5o g8 Sl L L
Dol Ll o 3l (el (o (0505 (S S S
S0 S s 1) Olr sl e salae 5o sl &
2 e sl p S e Sy 5l Sl sl
S5 i gl s daly s il s g ol
5503 Dt b sl b s SIS s R )
50k Ll a gl B opl Sl See S Ol g5 a
o) i ol (gl el s (IS GlaS s e
e [FF=¥0] wil ks e AS 5 Mas s SIS
5 PGC-la jals 5 b 5l Ll oo ool 50Dl L5550
PEPCK 0Ly 2alS galaulsa 55555558 ials Lolaze

sl Fl bl Gl Wl e a5 W.g.lf 3 Sl


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

(P oglash) YY 0,90 A¥e ) aideul g Cpaga (ol gl peusd galie 9 cuabas alae Ya¥

NS a Prae ghE Ol 355 358 o DL
S s ahax 5l aS 548 (6ol &b 4 la e
TR

I35 (o3l oped arin i sl Ol S5l gaallles ol
Slagme pals Cel by 5 ol gla s 5o U
S P50 p s Gl Olgn Jlspms SRl 5 il 5508
Sl s 53 el DS 3550 03 Ll S (2L gl s
ol ((YWV) Oes 5 Eizadi ey opl g osls
Gl o L 0st SIS el L el e 0 gl
33 f5 b g, s ol S¥sb HIT ol s
ol iass b 3lye I onl b OF] Wles yoi 3,158
Sy ladles 53 YeV2 Jleys 0L 5 Rashidi
SZ (5315n s axta VY L mls s e
Jeode 5 (S5 Oiss Sosots f5505 ied 5 Al (8 S
by Lo GlS 5 oS eon bl so b
s 9,8 53 BAL SIS m s s s a8y g e
Toae s A e JaS als oS 4 S Gl
U5 s 08 S5VL 3l L2bs 05,5 3 p e
5000 355 Sl ol Bl & sl pl Ll sy
Sldlas ol 5 ol ganllae laail sl o oss0pl
O S8 rals G Sie S Ol s Sl s des
Sd o Sl (sl 85 5 e Rl e o8 @ 015
gl Sl 15 5 G gl 4 gl S 5
13 o by gl sk 5 Shoe 550 e 3 5

& S 4o
S 58 wmi Ulp e Geid @l 4wy L S sba
Sl Wl Jusy I3 L slen ohpa osls Oly el
Ol Ll 5 Bax wilbe (g5sm el ble b0 Ol Lials
T 2 03 s 35,8 Bel2 w5 5m 0l Ao a0
S ey 0 S5 K55 sbeailze LU danlse 5,08
o Jbas 5 a5 3 g b bl b3 S

3 OLS S s S s el g SLS S ey

32 ST il eSS 5 Sl 2 s
S o sl S 5 AS by slad gl 5o 1y 555555
Ja,elS 5 il [F4] dias o 2alS | 55T GadISsl
SIS Wilg e s Ll by gl s SendS e
OML:JQ;:IJJ\(,AJ&}}: ol s S Ay Ll kil
Ao GMeSI Sl 8 ool L dbs, 5 s
Ol 5 JeeSasdks ISl i 0581 b slass S
Cxge rs B Ol 4y LS e oile ST e
53 oSt ST 5 s DseldnSTy A
goars e opdipe 5o g ks Ohlen HISSL L
sy Shen Yol Sl Sl s el S5 s
Sl goon Sl 0dS bl by I3 02 S 50
Cod Ol o 55 0T U3 3gmsn sl 4 1y JUss J3
B .C, slarmelis & ol ool 0L Slallas [0+ 0] 515
g 8L by J3 s Sl a el 5 550 DL E,
G 5 s culs 3 b e SIS sl C flas
By Dosen plerd GRSy B ok 5 5 das s
botsn OsdsSIS 5l 5 ssde SHS il
S mlen bagSs s 5 mslS e osarte
7 ol s O s B B12, D, B6, Bl el
WP S by LS Supt ) gladshe 5 Shes
Sas Ollass 53 1) SIS mhawe 53555 5508 Jlen 5 0558
U s ol [0 OF] dase ialS ol
S5 USSRl dlss IS e
J5 ol (S pl iy 315 o OF 3 3 g pe sl
Slaise O Al 3l s A 50 Gl b b
ol 5 Al e S (6,8 sl ol saadllas s 2l
53 5 el by J5 5 et 05,8 03 o O35 L3 ime o
Sl s o Ll a3l Jdsa; Ylaxsl sy sl 05,8
sl sam 5o il ladlys by Wose s ol
b foge o i 1o il o Sl 5 Ol (2505 slaclled
e nie Jbss J5 55 5 pped 05,8 Vanml 5 il 133
eSS J?T sla s s ol r)'\) S L5 S e b yne
Gl Lgal 5 Sl b las e sladliy s 5 Lose, 50


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

M}MQ&JL&A€@‘>)>;}J\Q¢MJ%‘)

S el
I L5 sy 553 sl Sl g i ol
Sin o GO eS s IR.SSRC.REC.1400.037
I b Slids Ulp Colis o S oKy
S5 s s AT ey 5 s O el

J)";’Lf

1. Shokrolahi Ardakani A, Abednatanzi H, and et.all.
The Effect of Resistance Training on G6Pase Gene
Expression in Liver Hepatocytes, Glucose and
Insulin Resistance Levels in Type 2 Diabetic Rats.
Iranian journal of diabetes and obesity, 2020;
12(14)1.

2. Chahardoli M, Mahmoodi M, Hajizadeh M,
Khoramdel Azad H, Khoshdel A, Mirzaei M. Effect
of Aloe Vera Hydroalcoholic Extract on Blood
Glucose, Serum Insulin and the Key Enzymes in
Metabolic ~ Pathways of  Glycolysis  and
Gluconeogenesis in Hepatocytes of Type 1 Diabetic
Rats. JRUMS, 2015; 13 (8):669-682 [In Persian].

3. Jabbari E, gholami M, nikbakht H, shakeri N,
ghazaliyan F. Effect of aerobic training and L-
carnitine supplementation on some apoptotic factors
in diabetic rat liver. RIMS, 2019; 26 (7) :131-140

4. Doustar, Y. Mohajeri, D. Rezaei, A. Effects of grape
seed extract on heart cells apoptosis in
streptozotocin induced diabetic rats. Med sci j Islam
azad uni; 2012; 21(3): 168-74.

5. Frustaci A, Kajstura J, Chimenti C, Jakoniuk I, Leri
A, Maseri A. Myocardial cell death in human
diabetes. Circ Res, 2000; 87: 1123-32.

6. Jaeschke H. Reactive oxygen and mechanisms of
inflammatory liver injury. J. Gastroen. Hepatol;
2000; 15: 718-24.

7. Mirdar Harijani Sh, Musavi N, Hamidian Gh. Effect
of endurance swimming training during pregnancy
on histology and apoptotic index of rats' liver. ISMJ,
2015; 18(1): 54-63.

8. Goadin G, Desharnais R, Valois P, Lepage L, Jobin J,
Bradet R. Differences in perceived barriers to
exercise between high and low intenders:
observations among different populations. American
Journal Health Promotion, 1994, (8)4, 279-285.

sdate Sl iE 555 SMS B Gy o Kl
D P eV g = Vo S KO ]
5 ded e W3 0y SIS ense LAy S
L Ceslie a8y eded e s S e S
S Glagaly 5 s leSt ol S5 K e o
pon Ypane 5 255 b b e culis o 53 g abs 31l
by J3 bl aes o Cailes Cn 50 3l 5 05 LS L
Sossl GLOS D 5 e opl o3 Ll od oleS &
o gl o sl esliad 5 AL S5 ghsual Bl g

OF sty il gpn sls Dbyl 551 (310 (50

b

9. Khajehlandi Ali, Abed Natanzi Hossein, Nikbakht
Hojatallah. The Effect of Swimming Training and
Aloe Vera Extract on Lipid Profile of Male Diabetic
Rats. Journal of Isfahan Medical School, 2017;
34(411) [In Persian].

10. Shapiro K, Gong WC. Natural products used for
diabetes. J Am Pharmacol Assoc, 2002; 42: 217-26.

11. Khajehlandi A, Abed Natanzi H, Nikbakht H. The
Effect of Swimming and Aloe Vera Extract on
Serum of Visfatin Levels, and the Ratio of
Triglycerides to High-Density Lipoproteins and
Glucose in Streptozotocin-Induced Diabetic Male
Rats. J Arak Uni Med Sci 2017; 20 (3) :39-47.URL:
http://jams.arakmu.ac.ir/article-1-4892-en.html[In
Persian]

12. Yeylaghi Ashrafi M R, Abednatanzi H, Ghazalian F.
The effect of eight weeks of high intensity interval
training and n-chromosomal royal jelly on G6Pase
gene expression in hepatocytes, glucose levels and
insulin resistance in type 2 diabetic rats. RIMS,
2020; 27 (8) [In Persian].

13. Khazaei M, Ansarian A, Ghanbari E. New findings
on biological actions and clinical applications of
royal jelly: a review. J Diet Suppli, 2018; 15(5):757-
75.

14. Viuda- Martos M, Ruiz- Navajas Y,
Fernandez- Ldpez J, Pérez- Alvarez JA. Functional
properties of honey, propolis, and royal jelly. J Food
Sci, 2008; 73(9):117-24.

15. 1zuta H, Chikaraishi Y, Shimazawa M, Mishima S,
Hara H. 10-Hydroxy-2-decenoic acid, a major fatty
acid from royal jelly, inhibits VEGF-induced
angiogenesis in human umbilical vein endothelial
cells. Evid-Based Complement Altern Med, 2009;
6(4):489-94.


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

(P oglash) YY 0,90 A¥e ) aideul g Cpaga (ol gl peusd galie 9 cuabas alae vas

Nakajima Y, Tsuruma K, Shimazawa M, Mishima S,
Hara H. Comparison of bee products based on
assays of antioxidant capacities. BMC Complement
Altern Med, 2009; 26:9(4).

Nagai T, Inoue R. Preparation and the functional
properties of water extract and alkaline extract of
royal jelly. Food Chem, 2004; 84(2):181-6.
Ramadan MF, Al-Ghamdi A. Bioactive compounds
and health-promoting properties of royal jelly: a
review. J Funct Foods, 2012; 4:39-52.

Shidfar F, Jazayeri Sh, Musavi SN, Malek M, and et
al. Does Supplementation with Royal Jelly Improve
Oxidative Stress and Insulin Resistance in Type 2
Diabetic Patients? Iran J Public Health, 2015;
44(6):797-803.

Nomura M, Maruo N, Zamami Y, Takatori S,
Kawasaki H. Effect of long-term treatment with
royal jelly on insulin resistance in Otsuka Long-
Evans Tokushima Fatty (OLETF) rats. Yakugaku
zasshi: J Pharm Soc Jpn, 2007; 127(11):1877-82.
Zou Y, Li J, Lu C, Wang J, Ge J, Huang Y, et al.
High-fat  emulsion-induced rat model of
nonalcoholic steatohepatitis. Life Sci, 2006; 79(11):
1100-1107.

Zou F, Mao XQ, Wang N, Liu J, Ou-Yang JP.
Astragalus  polysaccharides alleviates glucose
toxicity and restores glucose homeostasis in diabetic
states via activation of ampk. Acta Pharmacol Sin,
2009; 30: 1607-15

Gheibi Sevda, Bakhtiari Zadeh F, Ghasemi AA.
review of the high-fat diet model - Streptozotocin
for type 2 diabetes in rats. Journal of Endocrinology
and Metabolism of Iran, Shahid Beheshti University
of Medical Sciences and Health Services, 2016;
(18)2: 135 to 148. [In Persian].

Aghanouri Z, Noureddini M, Salami M. Effect of
Citrullus Colocynthis on diabetic rat’s plasma
glucose. Feyz; 2009; 12 (4):1-6. [In Persian].

Moeini Fard M, Hedayati M. Aluxan and
Streptozotocin, Diabetes Research Tool. Journal of
Applied Sports Physiology, 2014; 10(20): 13-22 [In
Persian].

Asgari M, Asle-Rousta M, Sofiabadi M, Effect of
Royal Jelly on Blood Glucose and Lipids in
Streptozotocin Induced Type 1 Diabetic Rats. Arak
Med Uni J, 2017; 20(122): 48-56.

Baburao Waykar B, and Algadhi YA.
Administration of Honey and Royal Jelly
Ameliorate Cisplatin Induced Changes in Liver and
Kidney Function in rats. Biomed Pharmacol J, 2018;
11(4):2191-2199.

Rodrigues B, Diego MF, and et al. Maximal exercise
test is a useful method for physical capacity and
oxygen consumption determination in
Streptozotocin  -diabetic  rats.  Cardiovascular
Diabetology, 2007, 6:38

Akbarzadeh A, Fattahi bafghi A. The effect of high
intencity interval training combined with curcumin
supplementation on Plasma glucose concentration

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

and insulin resistance in diabetic rats. JSSU, 2018;
25 (12):961-969 [In Persian].

Rezaei R, Norshahi M, Bigdeli MR, Khodagholi F,
Haghparast A, Effect of eight weeks of continuous
and interval intense aerobic exercise on VEGFR-2
and VEGF-A values in the brain tissue of wistar rats.
Journal of Exercise Physiology and Physical
Activity. Physiology of Exercise and Physical
Activity, 2015; 8(2): 1213-1221 [In Persian].

Jafari A, Pourrazi H, Nikookheslat S, Baradaran B.
Effect of Exercise Training on Bcl-2 and Bax Gene
Expression in the Rat Heart. Gene Cell Tissue, 2015;
2(4): e32833.

Ahmadiasl N, Ghadiri Soufi F, Alipour M, Bonyadi
M, Sheikhzadeh F, Vatankhah A, Salehi |, Mesgari
M. Effects of age increment and 36-week exercise
training on antioxidant enzymes and apoptosis in rat
heart tissue. Jour Sports Sci Med, 2007. 6:243-249.
Marsh SA, Laursen PB, Pat BK, Gobe GC,
Coombes JS. Bcl-2 in endothelial cells is increased
by vitamin E and a-lipoic acid supplementation but
not exercise training. J Mole Cell Cardiol, 2005.
38(3):445-51.

Childs AC, Phaneuf SL, Dirks AJ, Phillips T,
Leeuwenburgh C. Doxorubicin treatment in vivo
cause’s cytochrome c¢ release and cardiomyocyte
apoptosis, as well as increased mitochondrial
efficiency, superoxide dismutase activity, and Bcl-2:
Bax ratio. Can Res, 2002. 62:4592-98.

Mooren FC, Bléming D, Lechtermann A, Lerch
MM, Vélker K. Lymphocyte apoptosis after
exhaustive and moderate exercise. Jour Appl
Physiol, 2002. 93(1):147-53.

Skommer J, Wlodkowic D, Deptala A. Larger than
life: mitochondria and the Bcl-2 family. Leuk Res,
2007. 31:277-86.

Elmore S. Apoptosis: a review of programmed cell
death. Toxicol Pathol, 2007; 35:495-516.

Maulik N, Sasaki H, Addya S, Das DK. Regulation
of cardiomyocyte apoptosis by redoxsensitive
transcription factors. FEBS Lett, 2000; 485:7-12.
Chen KC, Peng CC, Hsieh CL, Peng RY. Exercise
ameliorates renal cell apoptosis in chronic kidney
disease by intervening in the intrinsic and the
extrinsic apoptotic pathways in a rat model.
EvidBased Complem Altern Med, 2013; 1-13.

Kwak HB, Song W, Lawler JM. Exercise training
attenuates age-induced elevation in Bax/Bcl2 ratio,
apoptosis, and remodeling in the rat heart. FASEB J,
2006; 20(6): 791-3.

Marin-Garcia J, Goldenthal MJ. Mitochondrial
centrality in heart failure. Heart Fail Rev, 2008; 13:
137-150.

French JP, Hamilton KL, Quindry JC, Lee Y,
Upchurch PA, Powers SK. Exercise-induced
protection against myocardial apoptosis and
necrosis: MnSOD, calcium-handling proteins, and
calpain. FASEB J, 2008; 22: 2862-2871.


https://doi.org/10.1016/S0014-5793\(00\)02174-8
https://doi.org/10.1016/S0014-5793\(00\)02174-8
https://doi.org/10.1016/S0014-5793\(00\)02174-8
https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

vay edaS 0l ja LQ.\T Caaeds g Bcl2 9 Bax 05 Ol &l yaads ), (a0 g (6 pibai wile

43.Wu H, Deng X, Shi Y, Su Y, Wei J, Duan H. PGC-
la, glucose metabolism and type 2 diabetes mellitus.
J Endocrinol, 2016; 229(3): R99-R115.

44.Yoon JC, Puigserver P, Chen G, Donovan J, Wu Z,
Rhee J, et al. Control of hepatic gluconeogenesis
through the transcriptional coactivator PGC-1.
Nature, 2001; 413(6852):131.

45.Rui L. Energy metabolism in the liver.
Comprehensive Physiology, 2014; 4(1): 177.

46. Shidfar F, Jazayeri Sh, Musavi SN, Malek M, and
etal. Does Supplementation with Royal Jelly
Improve Oxidative Stress and Insulin Resistance in
Type 2 Diabetic Patients? Iran J Public Health,
2015; 44(6):797-803.

47.Kocot J, Kietczykowska M, Luchowska-Kocot D,
Kurzepa J, Musik I. Antioxidant potential of
propolis, bee pollen, and royal jelly: possible
medical application. Oxid Med Cell Longev, 2018;
1-29.

48.Testa R, Bonfigli AR, Genovese S, De Nigris V,
Ceriello A. The Possible Role of Flavonoids in the
Prevention of Diabetic Complic. Nutr, 2016; 8(5):
310.

49. Rauter AP, Martins A, Borges C, Mota- Filipe H,
Pinto R, Sepodes Bet al. Anti-hyperglycaemic and
protective effects of flavonoids on streptozotocin—
induced diabetic rats. Phytother Res, 2010; 24(S2):
S133-8.

50.Nagai T, Inoue R, Suzuki N, Nagashima T.
Antioxidant properties of enzymatic hydrolysates
from royal jelly. J Med food, 2006; 9(3): 363-7.

51. Amirshahi T, Nejati V, Najafi G. Biochemical and
Histological Evaluation of Protective Effect of
Royal Jelly on Pancreas Induced Oxidative Stress in
Male Rat Pancreas. J Mazandaran Uni Med Sci,
2013; 23(107).

52.Dakhale GN, Chaudhari HV, Shrivastava M.
Supplementation of vitamin C reduces blood glucose
and improves glycosylated hemoglobin in type 2
diabetes mellitus: a randomized, double-blind study.
Adv Pharmacol Sci, 2011; 1-5.

53.Xiang X, Liu Y, Zhang X, Zhang W, Wang Z.
Effects of biotin on blood glucose regulation in type
2 diabetes rat model. J Hyg Res, 2015; 44(2): 185- 9.

54.Eizadi M, Soory R, Ravasi A, Baesy K, Choobineh
S. Relationship between TCF7L2 Relative
Expression in Pancreas Tissue with Changes in
Insulin by High Intensity Interval Training (HIIT) in
Type 2 Diabetes Rats. JSSU, 2017; 24 (12):981-993.

55. Rashidi M, Soori R, Choobineh S, Ravasi AA, Baesi
K. The Effect of an Aerobic Exercise on MTNR1B
Gene Expression, Insulin and Glucose Levels in
Pancreas of Induced Diabetic Rat with
Streptozotocin-Nicotinamide. Journal of Knowledge
& Health, 2016; 11(3): 40-48.


https://ijdld.tums.ac.ir/article-1-6198-en.html

[ Downloaded from ijdid.tums.ac.ir on 2026-06-11 ]

Iranian Journal of Diabetes and Metabolism; Vol. 22, No 6, 2023 398

Gene Expression Changes in Bax and Bcl2 and Their Ratio in Liver Tissue with High
Intensity Training and Royal Jelly in Type 2 Diabetic Rats
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ABSTRACT

Background: Type 2 diabetes is the most common endocrine disease that can cause tissue damage and
apoptosis. The purpose of the present study was to study the changes in the expression of related liver
apoptosis genes after High Intensity Training (HIT) and royal jelly in type 2 diabetic rats.

Methods: The statistical sample of the study was 36 male rats that became diabetic after 20 weeks of high-
fat diet and injection of 25 ml/kg of STZ. Fasting glucose between 150 and 400 mg/dl was considered as the
criteria for type 2 diabetes. Diabetic rats were placed in 4 groups: control, HIIT, Jelly, and HIIT-Jelly. The
HIITprotocol was performed 8 weeks, 5 sessions / week with intense 2-minute intervals with 2-8 intervals
and 80-90% vo2max and one-minute rest intervals with 50-56% vo2max and Royal Jelly gavage at 100
mg/kg for 5 days / week. Data analysis was done using one-way and two-factor analysis of variance and post
hoc test.

Results: The results showed that compared to the control group, HIIT led to a significant decrease in glucose
and insulin resistance index. Also, HIIT and royal jelly consumption led to a decrease in Bax gene
expression and an increase in Bcl2 gen expression and a decrease in the Bax/Bcl2 ratio in liver cells
compared to the control group (P<0.05).

Conclusion: HIIT with royal jelly in diabetic rats led to the reduction and improvement of glycemic index
and insulin resistance and appropriate changes in the expression of liver apoptotic genes.
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