[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

AV=AY (Y o laci) 18 0,90 N FAA (s — 53T .0y jal acwal galio g casbas dlas

S 90 B 8L 9 S yuud WIS (53 39 99 B a0 b 0f yoid (53198 (59 903 31
o999 g ywe! b ol LS (1 pu0

"ol Lo e T bl 3T et gl GlaSs LSl gols

0 LS

adlles 5l a5l 0 B A Solse 4 e &S Gl sl iy 5 e (S sl I SO by (6ol taedie
Solsa e ol ed e T g sl bedd by gla Sse B L 00 mg/kg 553 L Ll IS o SN J s o

RO
(DM) =olis (TC) (s o3 J 28 «S)ad «(C) J 28 :(N=A) 03,5 a4y sla sboay slinss 5 ol o Sog0 01 18 2,
23 e S5 Gop b ey Ldd ek (TBDM) oy 5 - s5l5a 5 (TDM) G515 (g2 poimiilis (BDM) oy -l
03 Doy e a3y V-t wadds s VeoAA) (S3lsn el el atis i Sdeas oy el laes S Al Wl S sla s
S5 5 Ogole oS5 ¢ (HRE) 551 5 (e gilon 31 oslinal b ool il bl (sl sl ploil e 5 (555 1) (axia
33 OIS gy Olin sladion 53 okl (Copgo 33,8 S SO S 05 Olpe Shomin (61 (abiand it g sacl (50l
Y\ (545ui SPSS Sl5ble 5 L TuKey s O3l s ANOVA (6 Ll Oge3l 5 4 b sl Sl eslinud b 3 bz glasb
A eslaial

S L)l S8 2l 5 OIS gy Ol 5 S gn 22018 B (SOL Cr o (5ley DM 63 S 55 48 ol UL ol tlaadly
el 6331 ;S TDM 5 BDM (slass S 0 e TBDM 63,5 3 3 il 3 0 ol 50055 STC 5S &C 65 5 «

oot s els GRS ) el 3l et bl B a5 D ) RS ed i JeSe ol 0L il s S s

Q..wl °"\‘..Jj§ LAMJZ@F]G_:)LAQJ%U‘}MJ Q‘j‘:‘ &Als —r 40 L‘-;vb &:A—\w‘}.:ﬁji})ls L;:M 6&@)@&4‘)‘

T O T N N P S PR I R W R 1 L5 1 )

Ol e Jal e odlad 13T ol&ls ol bl ol dls « p2305 (85500 502 05,8 =)

Ol 0,5 ot 33T o5 (g5 o Ol dmls ¢ b3 e 5 S S (5ol (55 G5 0,5 Y

(e S i (&8sl ‘Glai | QJ aaly Jaﬁh.u‘ JbT szl o€zl sy bbb w J.J f‘:‘-’; sola 0 jieolsS (JAT Oloassle :‘;.'!l‘.fi.'l*

a.abdiS8@gmail.com <o 5 i< oy AVA 1 iy Bodies = VVEYYIVEEY 1 ulad o VVEYYAVe e =0 € 2 0dls

VWAA/N + /YA (5 yads ey VWAA/N 2NV sl Caal 93 5 g )5 VWAA/+4/1 5 roadls o g,


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

o Ol 38 WIS (13 3 3 B praals o) jan (55198 (3 58 5l 1800 g Sse AY

Sphie Sl BoSen 5 SISl Gkl Al 4 e
3 35St Lame (Ll T2DM 4 Sle Oljbey A8 5 V4]
SOlas T ol en 4 GLodS e o i sl S
(W3 alS 4 e O Osls Cews Gl pl aS e
£ M Ohlas 53 e 5 S e ol 02 5 oo Shas i b
Sodaze S i, [Yee M as e bl 1, T2DM
S 1 55l GRS s e sl G sal oS sls 0L
sl st Salis 3 B ek s Ol Lol WS e
Sl @ pie Llg e 355 w4 S LS o
ROS uJy [YY] 558 by B s (o5 Shase 5 olrle
5 385 sl (Wl Col KI5 o omalS a5l L
e gm0 303,18 S o 58 50 Ol [YYC YE] 555 55,08
Sols S L bl i s by s das e Ll
55 sl Olo LRIl mbs gle bge (i s [YO]
S Olpear by B s Sl Ll 0L 1 5,08 s
(V) s s =5 ROS Ll 5 Il W5 51 s 4
Soimr SRIB el st ol 5
Sl s ooz Yo 0 A3 kild s S nn)S
loassly [YO] disls L 1) B (5 5 s ((2h> (] o
Olee o33 [YY] das o oL Sldlas 5y wlie
a e 2bs 3,850 53 (FA) O sladeal OseuldS]
53 IWVT st B s 5 OF Talate 5 Lot mas
S ils ia A Sl g 3508 e (B 5 e K3 ek

IYA] el a.bgjf
Olys 5o lalss (p e 5 (S6 Olsea S ol
Sooss S aass ys [YA] el eus Ol T2DM
3ee s a e Sl S Gy SOl e
Solew 4 3131 (Ol Sl ol 5 B 05 Rl
Slidos 5o [P ] el ois S (5,5 sl ol 52 B le
)')Jﬁéjjj:.;ﬁf wolgdl Fals Eel il aS Al el OLES
Fhsm Celogo ¢ 5 wubs Obhlew o5 5 [FMV-YV] S
38 o Fa,p JUisUl Jtle a5 obokS s
ol s baale Y 5 Sge e VY a5 [FA-E]

B ¢l>,u'| ais | Odeas VO2MAX Loy Vre B A0 ol L

PR Y

23 e Shlg Gl Kie S DM) g s
A &S 358 e 033 cpress s OLE | Olgr el
IV dey 58 Oskes Yoo @ ToY0 JLo b als Ol les
5 Ay 0 S sl 5518 [Y] OLKes 5 Somaratne
Sy b oS dies B (golen 4 M DM« Sis Oy
Il 5 5,8 50 i 4 mie 5 [F]okis S pasiie 3
Pl el olew 80 0] 555 0 5 5 Shes
s 0 ket Bl aS [ Cenl ol iy 5 e S sl
e g 3phen (U 53 Ly gl s Shee b Jge
sbe U3 SIV] B e (Sl 5 (B Sl S0l w0
Sl (Sl (Sl el S S sule
g el gl ol SO 5 [A] 55l e Sl s
Qe 53 i 5 Sl (B bl 2 a3 it
oias JUml 5o b 5l o ple 20,8 3 S8 Ll
© Jde e ol @ mul s o« (Glutd) S8
oo ks ehy gsba s Bl il Ll e 4SS
Sap el 5 V] (B (BLAD (ab o 5 Shes 4 2
5 ob b Jlal Bl Lol Sl Lt
Sladlles 51 g 055 5L3 L 0T L1 5 558 Gu,e Solow
Golew 3525 bl 5 IS (SIS WIS (S5 5] sk
S S subs s Sas 3 Slpess 5 PY-V0] L 2bs
2107 ol ool DL 1y Lmls Sllgem s 03,208 gasily
sl b el Sas Culs 85 Gl 0l yaseiie 0551 [V
3058 B Ll sl 2 s e i U S
35 5 Jsalis 5 Dl (B B s sl 4
slagolmal b b e b cunss 538 Sy
D 25800 0deal (2l G gen 5228 (2ol 51 50 S
Sde GYsb B By 5 e ol gems B Lt
St 4 e 5 035 el pen SIS0 Bo e b5 VY]
S5 ol ods glil Ll 5 s, s okl
3ok b Sis 5l Came S DA] 355 0 SWSU

Sl canl Gl Sy ol s cl oy Sl ss,lS


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

AY (Y o lact) 18 6,90 N FAA (60— 5T .oy yal acad galie g casboa dlas

0] ol 513 S PPGT 5 HBALCT 5 FPG s 554 sl
LTS ol el ol Jlisey Gsp sanllae 55 cnl 51 [0
Cld 5 00 5e LIS LS sl sl
o ogline Gloy laeyss 5 g Ol Lol S
Lok mbs oo sbasip b5 il ot

Wy Al 55 05 3 st

L‘”J"«U
“ .]9);]/: QQLAJL.L\A)T dad 9034 o2 Cj; Bl U:"a}}i U'l\
Ul Sl Cole 4 bg e ol a5 L Ul
Sl s el (Sl sla)l3 laie bl )
bl (3K s cwdla e sl sleal
@\fuﬁ d::jd B 0T sluws w\ ol C,J“L&) ‘;AK..;.LLA)T
YAUVEEVANY O3y pSole 5 Sliess 315 L (glazia Ve
Kilesl & 5 A e sp sl sl S
JAMA éj'.’. gﬁ'i":ﬁ r}l} emb M\w; U’“iJJJ wu)‘y‘a-
BL) u‘iu ¢ LSLAoJ; BL) J';JLA)T 340 C)U‘):} RS U I
YYEV/E las glos . Ldd (o )b Sl S L gla i
VYAY SLb @ sl a5 ol S sl e
u] “ QU‘}:} L;a‘w.’? RSV 00/\E¢ Q,.:jla) 9 cele
)\ o~ LAJJ)AJT Lls J‘)I Wl e u,:-j,a 60}:} 6\.,\9 9
cjjf Va uﬁ)l...é BB oli..«q“LAJT b L &L,.ZT BEER2
(TC) o J 2S5 ((h) () o ((h) (©) S &S
rimidis 5 GeA) (TDM) (slps o peimcls

KL s () (TBDM) 2 =550

Cobs W Sy,
6})\5 )l oslaial L: L;_:_lfw LSL‘*&}“ axlllas u—j‘ B
obs (S0130 1S L L& oS 1 el e 55 500 2

! fasting plasma glucose

2 glycated haemoglobin

3 postprandial plasma glucose
4Strptozotosin

ey VsV owele EA S o s Loy S s
oo Sl s e Sles r\J.;\)'ldl.«J ngjvu.ummij
O ole A eslanad b <ol Lol gl » H&E
o093 S A 5 3ls DL Rll o el Sl e e alas
S e byl s B mls codls (golslas Al o jei o
0 e e 3 A Bl s cielas Sud L e

LEV] el ol sdalis 9 Cf st
Sl 2ol b Bl 5 o b LS @ axr g L
e o3 sl [EY] pals Cuslie des 5l gLt
Sleeslas L OLLS 51 &5 Lol o Olys  Sop
ol 51 [EY] ol sl alis Olgr il 3 ﬁl,f
A slassls 5l g g Losat by 0l sl w8
(sbsas QAS slagols 5o Jld glil Ole 315 [EE]
St S Sl (g S5l A3 ST S BBR)
S5 S SASt ST pledlas S gl ol
OLan 5 Lee [20] 5505 50 oMW oula Sl 31 5 ol
b opslie Sl & e GuF S LS SIS
2 s JB s 5 0L oo SRelS 4 db/db ) sl
e 4 el 0l esls L)L.";J}nﬁ& &»S;ﬁ‘_}m
il Gl b At e s g | abae 055 e e
db/dby i s Cf 95,y Slas u.ejjﬂﬁw
s &S Sl ol J'z)l}f ladlas s [E1] sls (il
5ty g i 53 bammale 35T (LIl
e Lol oA se 5 Shas 55 i Go b Sl db/d
s 53 S M 53 [EV] 5530 S50 e 5 San
Sopd Sl daamaale S5 5T spg Sl opn K00
Glazals > LS5 Glpe ol 5 O3S0
Sl bl e s b b e (S
Sl daazeale B 5T s pp Sel p i S andllae
ol )3 L elSg 5 glgme EAlS 5 0558 6
S s 5 ALY g5 s b A sl
Sal s [88] A OMae B 5T 3 4 e p g
s Wil balie 55 nnp Gon ook Sladw s

;ﬁﬁﬂds.l.\iabb olis s rl}u\ Q?J»éﬁls L;Lnj)ls


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

o Ol 38 WIS (13 3 3 B praals o) jan (55198 (3 58 5l 1800 g Sse AY

sle 53 3L 2550 o3l & andr 8 3 jog ol o
e S 00 5 ke eslel Jshoms s A3 s o ol
© s ais glass plad 5o 5 O O35 SHS a Gll
o e 3N S GE) S Ojsen ais LS Ol

A ekl 5 e slaes S

(HEE) 55 w55 o 03Uzl b (3 g 5
el YE-VY Sdeay abobl o, U8 03 S 1 5 e
LA Vb)) TNl b gl
LSSl 28,8 153 (o A0 e ST SO
Slad g sl dslee 53 e 5 S S S
53 g eslaial ael C@ Y oos ol 5 s el (g5l
ot B 4D 3 o s 5 23,5 S1E e L )y LB
b @ p i Son olSis Lo g5 Ladped 1l sle]
wgoumidu(y}u%@su;ﬁﬂj;?‘o
e 3l S il gam s N gles 53 OVeN (5,3 e sl
303 ladds Vo Glay g3 o5 Jgkly s s ladpas 5 Y
IS s S sles K g @l S Ll 8 ol
IS it il il Ko g o o Gl
53 siaed 5 Lol JLadlS Sl sl o510 K A0
(S Dl Gl s s s Dl S wids) ads
Dslos 53 3l Gilid gy 4, S ) v e 5 740 S
POV ey 0 a8 G 8l aaEs Y e w0 k5
S bl ekl oY gas JeY 5 esls 13 Lsei )
soal S bG5Sl —pdeS il el S5

i S e K Dl s

Sgls 35 55 Sl K,
ST oS3 5 o5 S b i 5,50 3L (6,8 saie 5l
v ool 5 IS Ciles Sl Sl eslizad L 1 O Y s
S ety 5 Ol Jslee L5 I, oY e A il ol

<= ;.jl{b CY) ol I3 a5 0 SISl s cela

! Entellane (Merck, Germany)

or mglkg s Gy bocsbs WLl
JH1s Cosots Wl zs 3L 5o el o s 55 5% 5
Sliss 035 Rl paiS Gl 23S Do Sls
SosS bbbl b Gy 3 e a0 VY (el
8 So 0 ek S Ol e s Y b
1S A (5 S o3Il O A3 Jlade 5 LS e3ls I3 (5 e sS 4IS
Wl 04 s 5l (Sl s e Sk Yoe 0 a3

sl 63 g

s IS

S ety Dbl s (el JSon gl S JS
wol i LT 0l Sl (555 e plowil (o g | ania
AL s b Odss 5 oty oly and 0 Jols LT ¢
D aads N UA Odeds 5 Aoy i o 5 4l3s 50 e
5 e el il L elinad Sl gasl
Vemimin e e b Jsl azia s a5 (g sbay i 5T Ol
Sdeas 5 Y em/min S bopgd i 53 alds V0 Dy
Yo Sdeas VE-Yo m/min ce o L po 4a )3 adds Yo
Yoo odea V=Yoo m/min ce o ol ads )3 aids
Voo ok WVNAMMING G b e atie o adds
£+ Sdeas SIVIA M/MIN Ce w b (el Aa 3 kb
sl s s s 5y, 0 Ddear Sl sy ards
L0sS s 5 058 o5 akds ¥ oop el andr o sl
S sk [oV] 3 S el f-omimin cs
Olpd 4 4,8) e Sme 3l OLs Gl b s
S dsl Slds s oS S popds i eslizad (01 5,15
o3zl S go e Lol s (oS S5 b S S S
S 53 0351 ol e 4 la i ge D3m0 (b 5l Gy 5
Olg L8 30 Ol ol shieas Slid sl s
A stz s S e 5l dais (a2 5T

LIS g B a5 4 o978
Cjﬁ) CJ‘)-\?@’ J\-),\J}S PR D% coslaul S)4e J&
JARY u.p}b- 64;.-)31{&1))' °L:§)" (14050 JSL'L&:.«


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

AO (Y o lash) V4 0,99 VYAA (50— 3T .ol ol acual galio g Calss dlano

)‘ Lhoj; ey LSJ‘JJ*‘ 64.]44‘) eOr LS‘JJ 9 ANOVA
YV as SPSS isdle s 5 (TUKeY) S35 (odas O gl

el ol oalail

b a3l
(V JSC8) s salin sl 5l el Gty ol bl
oy gty g 5n 333,5 BUI S 5 TC Cslaes S s «S
OLES (g btine galaly ool o S an ol 5 A edalie Lo 5
53 o5 Db Ul 4 wsdd 5 G glad s sl
Sy gots s glaats; Lad sdalie Sl SUI
Sz A 2ol Gy b Sl el Jltla by 5 ploe Clel]
Uﬁw,;gvu.oduﬂ:e,hs.mﬁo.uynﬁ@u
Py i s Gles S 4 Gl e D pon e
035 ol (51> (N) Laaean 55 0L S odal Csas =

.JJ‘))‘}&M}&@‘)J)@QJ%Q}

it Jade ST L dn 5 43,5 Ol (53,3 B o3l st
L ol S Slon Jgloes 4ids 01 Sodew LA 63l
CTLOT S5l aa 5 ol T L st 5wy 3L (55,
QJ&J@JT{,;(..A@;YQJAMMYjM@
0N I oY ssas aie Ol L pized 1 e s edls 3
PRNCVRTAPVRTINER W IRPRE VERK CJ¥ S0 KV S PLE R B
e 303l i O L 0T ) de By oY (s
Sdaay [ (8 Y hos 530150 53 1) il gl
PRSI ISP RGP R FRP PRV A TR AN
Lesl 53 5 axed % ) Sl ol L aids VLY gl ool L
S A 4l se J S 5l 5038 ST UL 1

b8 E S e gam s Y)Y e s s

bl 3]
Oge3l 31 Osmle 3 S (55 Loas 53 OIS Olse s 2 512
Oga3l 3 e S (ls o Olim sl 5 b5l S il

Par 4L

H&E (5 jla jpoyuse galin -\ Jsi
Al 13 Laans (_;LL..A)):(.L»CJJVQQJQ obod 55 5 (N) baaeaa 3510 5505 (5505 me (salal; €) S 5 (B) TC (@) C (slaes Sy


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

w3 Ol pasd Wl IS (s g g3 S praasls o] e (55 98 (a yad P il Sas g s NG

L edaline (glolins (galasly 05 8 an cpl 53 5 Lo el
Hbdﬂa}ﬁbwoj;w‘)bdwéuﬂﬁﬁ
BL C‘»}J 9 L;«JGJL’_: sy OlEs Jit"b duw)f .J}..JJXAS
ASL&M&JQU:JJAEJL;J-.:J&)};WLAM

.w‘jﬁxT@ﬁj‘oLﬁ.}

VAN AN

4 (Y JS2) s sdalie i slas S oal Cowsay il il
Ul 5l S sl TBDM 5 TDM BDM (slaes S s
sy SUIGE S 5s 5 ek (SHb Sbrs g )8
S laes S a4 Cand a5 A sdaline i) slad sl
Loy ok Clll wjsmay Slas glaatd; oy S
Jae o bSis a2l G b 5l pasda Sl

¥

H&E (5 jla jpyuse galin -Y Jsii
035 4 S 03,8 opl 53 SOhas gla e ad Ll (Y, 00) 55105 552 5 (ol sxe galal; (F) TBDM o5 5 ol jan 4 (€) BDM «(d) TDM ((slaos S oo
.QJ‘QDﬁJ(N)LﬂM‘;&&)&JJJE‘@.?J}J:&STC}S C sl

Ol i Jlle L el 51 & J’M"&"*’U ol
A g el et s w LSy s ol 5 b
awww Sppw-rY ojjf Q‘i‘J" &:M L;LAJ:A

'>)€f""*sj§'l> le.Ao‘gjf

aS (\‘Jﬁ&) A& sdalive JLJLAJ )‘ AJ.AT Sl @L‘b U"’L"”lﬂ
“ CMM\J Wﬂﬁ.’)ls k_él:\j‘ ‘;)li d‘):" DM e); BE
djl.w g g_ﬁl.:j‘_)\ S )b}o:ﬁjzf;ﬁﬁa 6&0);
Cope 4 Hhas glaas, ad edalie swsid sla


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

AY (Y o lact) 18 6,90 N FAA (60— 5T .oy yal acad galie g casboa dlas

-

H&E (s jls y3 juss [ LY gy O

wﬁ@)h%ﬁ?ﬁ)bﬁ)&AS)@#})):*;JQALSLAU;QC,..w..iwa)VA{AJ;J\):ngSLAﬂ;JB(g)DM Ujf)a
..Juuajf sdalin 50 (N) laaies

OLE b oy 2 3013 3525 s oxs (4lal, TDM 5 TBDM
< b 5l s BDM TDM TBDM (slacs S LS 65,5 w5l
), BDM TDM TBDM o585 L TCslaos S oo S0
SlesS w5 BDM LTBDM (slass S o 5 lsone s

3,05 5529 43 sme (gadal, BDM TDM

23 Osle ps S S5 il Sy 55 g 3l Jol e
05,5 o e, LB 3L 5 OIS Oljee sl OLE Y Jls e
o bl 35l s 6ol ias sdal, S STC L C s
<4/ ;TDM BDM TBDM DM laes S L C o5 3

TJC L: DM ejjf O ‘OJ.AT Cowddo GLIJ JK_:) )‘ 9 J‘)&xﬁ

Ogwle @955 (5
50-

= o
S o] B be
= s C
S 30- o
[
D ] »
= 20- :l :l H
S fsqd _o = :

O ] l =
& 104 E: =) E: = 3 a [a) :
3 B F I EH 1 e -
< o5 : I | = I!lll :

3~ =3 <~

S < 2>

.Q’\\.'\ Q‘}?) ‘Q{b .\<>\x éx Q,G-’
csS .2 > < = S
3™ S =< =
<

8 iy s (NS (aSilas (3 —Y l gan

SJTCgC L;Lha); a .M:w QL&; b L;JJYL u\f‘.aSjTC stLhAJJfM.C,.:«J

Ll o35 5ol DM o35 4 e TBDM 5 BDM TDM (slass S s

e $akl; BDM 5 TDM TBDM (glacs S o hC 5 C 5,105 555 (5515 smn bL3 5 BDM DM (lass S s C 5 b bl 5o sme (galayl b

3,08 55 sl sme salail rUrAﬁ&LsLaa‘;Jf&ﬁ:bC)bga.:)le Sy Sols


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

o Ol 38 WIS (13 3 3 B praals o) jan (55198 (3 58 5l 1800 g Sse AA

Sl 5 8 a3 5 iz odd Joate s aSs
05,5 ol o3 Hlae glayd kAL sdalie (bl
Gl b a8 oy S Wl S es S a4 e
ol S5Ol a8 sy Ll s [04] 0L 5 Cosyns
Ssls 0l ) Slage 3 Jols s bl ol Loy S
035 53 omd & (2L 055 03 G elier 4 (e
IS 53 (S OIS Ol oS 5 ks o p
Cobs el 05,8 OIS Ol Lol sl 03 S slml a5
s B Ol LB i s el el 05 S L
s Ol s Gl p G @ L Jul ol
Julsjldﬁﬁiﬁjjbjwuw)’c*?d}wb
DL 1 el Sl gt Sl oS baazes S5 Ol
i Sl oo S o 5l ol o5 Sl ans e
LS oo 3L Golem 5 M crw g 5 page B S ol
S5t B s iale a5 ol el esls OLES 5 [0 ]
LS [0 T eta S5 5 5l g8 4 e s
OF sdome Ol Jd Cel 5 02 g Ll R G o @LJ
L] 558 0 I3 ONae sla

B ol gule £35S S5 oo e 55 Lo es S o
Loanslie 53 odd Openl 555 0 &5 4T (I Sl
G 5 OIS Oljee (8 IS2) A odalins Loy S Koo
CMas oo ke 5 SV Sl A= s Loy S s
osbe s o 8 s Gas s 5T S Olpea (3
03,5 ol 03 5 Obled Laoy S Sos b aslis 55 (5ls ms
G g 33,8 OUI SL Ol H&E b sl s
SUL I F e e s evp i s e S 4 s
3 S edalin oo st glad ko ) 52

S5 amS 5 oy

OLL Opuls £55 65 Gl e 5 G 3 Jool S
@l 85 058 50 LB Bl 55 s se OIS Ol ol
oS w1l slaos S s o 4 od 5 el IS
JS WJ S o8 5s HEE 6 cil abicsl oo
o300 32205 (glaaian o fge 53 5ls OLG od 5 o0
S Lsg Gl L3 S ek 5 e (o e Sla
o35 L aslie )3 8 edalin (5)5 Sy S o
Bl sk e S el OF s badtes S 1l sla
ol 4 s S edalie S S b 5 S5 5 o5l
ol pos 4SS0 0l 05,5 e a4y 1L3 05 S 3 Olje
IS8 il i eler e b s e e b
5 Thent Guass L odsl Cowsas Lo s e
SUL as asis sy kel s [0A] OLKes
2o S aw pl s ey Jbp Soson Cawse S
5 o sladde Ll ais esls Olis (g lsbae BDL
sdalin Oas GUI > oS Sl Olpe 4 i 5
,V.E;Agl&:dl s e glaaii; g edalie LB
e bl ozl b gl pasia il
©oes S ol o Olas gl ki sy sld feat
gt e 53 Slaes S & o (g ) 50

e s ek laey § H&E 5 il obacsl
o oS olen a e (13 05 S 5 el s Rk
23 5 edkd SHb s (a8 OUI I S slass
S Ad edalie gewgid gladsle o SUI I &
Syt SHhas glaaid; sy i JES 055 4 Cad
SISl Gk Sl paie Sl Loy ke Ol


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

AQ (Y o lact) 18 6,90 N FAA (60— 5T .oy yal acad galie g casboa dlas

Ogealo 29 S (5 5 (5518 3 3 gl - s
(f) TBDM aj; a]jwh “ (e) BDM g(d) TDM LSUM)‘)f O L edalie Q,«S ulﬁﬂ “ (ugi L_<:)) Uj% Q\J.:a (C) S B (b) TC g(a) C LSLAA‘}; sl QLL.:

M\Mua}ﬁ@wm@%ulﬁ»(g)DM a)ﬁ)a Q:;oML&wéMQ}%Jﬂ J}Sd@h};wm

e o peeelS ola 3L OIS (505 » o cla
S sphe Uise GLGSS 5 iy RSl D5S| W5«
b 05 0l Lol 5 s o Ll 5lenST e ol
o e Sl e 5 Aa3 o ek |y S JUEH s e
LS o b 1y 55T b okd (g 30yal 0 3, 5n S S o
blaipe B odlae Sl oo g8 by cnlply [R0]
RS sl o JaSe S pan 5 eased BT b
e 208 oy 5 asten i o5 5 (Slas by 51
Sl 5 555 Solg 3 s b el 5 OIS
5 (V] OLKea s Wang olad=s L as ud dalet b
3 e Bl 03,8 g ks oa [EA] O1Kes 5 Shiwen
R g e B ST JUN FE T SRR eg
baa 53 g ol 5 S mexd 5 B SSL s e
G ) B b s g ge OIS Ol b 5l s eds S

LS disls 0L JoSKe cplol ot a1y o 03 31 a8 il 03l

S 0n s kel Ol Lo 4 Sae bl
o b Ll Gk 5l patie Sl b b acl,
23 e Dl ald Sl glaasl sy el et o
05 o slacsl g ltle Olojla a8 sls OLES ol aallas
ol odd e STZ 515U als sl sla e
Shs ol (W el 53 el b il o s
3 B e 50,8 Slaaten IS0 035 0l 0L 1) 5,18 5
Sy o5 ekd Joe 5 (gla L b s sl L0 L
5 Thent 5iss gleanl L &S 4 cdalie H&E (gl
Sk s Ll o [04] 0L aa 5 Cosyns 5 [0A] Ol Kea
4 s o geims Dot 03 S pl 53 (Dlas gla b
5 COSYNs Guiss ol L a5 5y S s slaes S

3 Ll on [08] 01 Sen
Joas = B e (S b )55 03 OIS pen
sbile (3L 055558 51 30 OIS o A 5 IDle


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

o Ol 38 WIS (13 3 3 B praals o) jan (55198 (3 58 5l 1800 g Sse q-

Olys 53 iy sy Al Gl 6805 5 5 Sk
el Ol

Z
S Bl
sk ST o&asls s S e, LB s Gasw ol
5 S5 OB 5 el sy L plonil Sl dl el a1

..U)\J = {f)&.&l JAK.JJJ J;-‘_} uﬂ‘)l \) .>}>'- @b).ﬁ

1.Wild S, Roglic G, Green A, Sicree R, King H. Global
prevalence of diabetes:estimates for the year 2000 and
projections for 2030. Diabetes Care 2004; 27:1047—
1053.

2.Somaratne JB, Whalley GA, Poppe KK, ter Bals MM,
Wadams G, Pearl A, et al. Screening for left
ventricular hypertrophy in patients with type
2diabetes mellitus in the community. Cardiovasc
Diabetol 2011; 14:10.

3.Li B, Zheng Z, Wei Y, Wang M, Peng J, Kang T, et
al. Therapeutic effects ofneuregulin-1 in diabetic
cardiomyopathy rats. Cardiovasc Diabetol 2011,
10:69.

4.Dobrin JS, Lebeche D. Diabetic cardiomyopathy:
signaling defects and therapeutic approaches. Expert
Rev Cardiovasc Ther 2010; 8:373-391.

5.Rodrigues B, McNeill JH. The diabetic heart:
metabolic causes forthe development of a
cardiomyopathy. Cardiovasc Res 1992; 26:913-922.

6. Dailey, G., Overall mortality in diabetes mellitus:
where do we stand today? Diabetes technology &
therapeutics, 2011. 13(S1): S-65-S-74.

7.Ndisang, J.F., Role of heme oxygenase in
inflammation, insulin-signalling, diabetes and obesity.
Mediators of inflammation, 2010; 2010.

8.Gu, Y., Y. Zhang, X. Shi, X. Li, J. Hong, J. Chen, et
al., Effect of traditional Chinese medicine berberineon
type 2 diabetes based on comprehensive
metabonomics. Talanta 2010. 81(3):766-772.

9.Jaidane, H., F. Sane, J. Gharbi, M. Aouni, M.
Romond, and D. Hober, Coxsackievirus B4 and type
1 diabetes pathogenesis: contribution of animal
models. Diabetes/metabolism research and reviews
2009; 25(7):591-603.

10.Hamby RI, Zoneraich S, Sherman L. Diabetic
cardiomyopathy. JAMA 1974; 229:1749-1754

11.Regan TJ, Lyons MM, Ahmed SS, Levinson GE,
Oldewurtel HA, Ahmad MR, Haider B. Evidence for

oL 5 Wang (YA] 0l,Kea 5 Chen olidss zb

2y OLSC [0 ] 0L 5 Le Douairon 5 [Y4]
Wobs o5 S gl 5 e gt o5 8 8 Ole o
e 3351 5 OIS Ul cppp JoSo sl o 2 0 el
ol 831 0L s Kos laes S Sos Cond 4 (5 S
Slr siler i s e bl Swsl
b Dbl [ (2ls (Slsen o30S 2 0 51 68
Chlas gl slubiad glases g3 s de e b
it el Sldls deils SS Sbb el 5 Ll

AEY

cardiomyopathy in familial diabetes mellitus. J Clin
Invest 1977; 60:884-899

12.Mizushige K, Yao L, Noma T, Kiyomoto H, Yu Y,
Hosomi N, Ohmori K, Matsuo H. Alteration in left
ventricular diastolic filling and accumulation of
myocardial collagen at insulin-resistant prediabetic
stage of a type Il diabetic rat model. Circulation
2000; 101: 899-907

13.Rubler S, Dlugash J, Yuceoglu YZ, Kumral T,
Branwood AW, Grishman A. New type of
cardiomyopathy associated with diabetic
glomerulosclerosis. Am J Cardiol 1972; 30:595-602

14.Semeniuk LM, Kryski AJ, Severson DL.
Echocardiographic assessment of cardiac function in
diabetic db/db and transgenic db/db-hGLUT4 mice.
Am J Physiol Heart Circ Physiol 2002; 283:H976—
H982

15.Ganguly PK, Thliveris JA, Mehta A. Evidence
against the involvement of nonenzymatic
glycosylation in diabetic ~ cardiomyopathy.
Metabolism 1990; 39: 769-773

16.Boudina, S., & Abel, E. D. Diabetic cardiomyopathy
revisited. Circulation 2007; 115(25): 3213-3223.

17.Hill, J. A., & Olson, E. N. Cardiac plasticity. New
England Journal of Medicine 2008; 358(13): 1370-
1380.

18.Souders CA, Bowers SL, Baudino TA. Cardiac
fibroblast: the renaissance cell. Circ Res 2009;105:
1164-1176.

19.Wang J, Song Y, Wang Q, Kralik PM, Epstein PN.
Causes and characteristics of diabetic
cardiomyopathy. Rev Diabet Stud 2006; 3:108-17.

20.Lee, D. and A. Goldberg, Atroginl/MAFbx: what
atrophy, hypertrophy, and cardiac failure have in
common. Am Heart Assoc 2011.

21.Bdolah Y, Segal A, Tanksale P. Karumanchi SA,
and Lecker SH. Atrophy-related ubiquitin ligases
atrogin-1 and MuRF-1 are associated with uterine
smooth muscle involution in the postpartum period.


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

a9 (Y o lact) 18 6,90 N FAA (60— 5T .oy yal acad galie g casboa dlas

American  Journal of Physiology-Regulatory,
Integrative and Comparative Physiology 2007;
292(2): R971-R976.

22.1lkun O, & Boudina S. Cardiac dysfunction and
oxidative stress in the metabolic syndrome: an
update on antioxidant therapies.  Current
pharmaceutical design 2013; 19(27): 4806-4817.

23.Al-Rasheed NM, Al-Rasheed NM, Hasan IH, Al-
Amin MA, AlI-Ajmi HN, & Mahmoud AM.
Sitagliptin attenuates cardiomyopathy by modulating
the JAK/STAT signaling pathway in experimental
diabetic rats. Drug design, development and therapy
2016; 10, 2095.

24.Seddon M, Looi YH, & Shah AM. Oxidative stress
and redox signalling in cardiac hypertrophy and
heart failure. Heart 2007; 93(8): 903-907.

25.Frati G, Schirone L, Chimenti I, Yee D, Biondi-
Zoccai G, Volpe M, & Sciarretta S. An overview of
the inflammatory signalling mechanisms in the
myocardium underlying the development of diabetic
cardiomyopathy. Cardiovascular Research 2017;
113(4): 378-388.

26.Al-Rasheed NM, Al-Rasheed NM, Hasan IH, Al-
Amin MA, Al-Ajmi HN, Mohamad RA, &
Mahmoud AM. Simvastatin ameliorates diabetic
cardiomyopathy by attenuating oxidative stress and
inflammation in rats. Oxidative medicine and
cellular longevity, 2017.

27.Nishikawa T, Edelstein D, Du XL, Yamagishi SI,
Matsumura T, Kaneda Y & Giardino I. Normalizing
mitochondrial superoxide production blocks three
pathways of hyperglycaemic damage. Nature 2000;
404(6779), 787-790.

28.Wang GG, Li W, Lu XH, Zhao X, & Xu L. Taurine
attenuates oxidative stress and alleviates cardiac
failure in type | diabetic rats. Croatian medical
journal, 2013; 54(2):171-179.

29.Motahari-Tabari N, Shirvani MA, Shirzad-e-
Ahoodashty M, Yousefi-Abdolmaleki E, &
Teimourzadeh M. The effect of 8 weeks aerobic
exercise on insulin resistance in type 2 diabetes: a
randomized clinical trial. Global journal of health
science, 2015; 7(1), 115.

30.Mirsepasi M, Banaeifar A, Azarbayjani MA, &
Arshadi S. The Effect of 12 Weeks Aerobic Training
on Expression of AKT1 and mTORc1 genes in the
Left Ventricle of Type 2 Diabetic Rats. Iranian
Journal of Diabetes and Obesity, 2018; 10(3), 137-
143.

31.Sessa WC, Pritchard K, Seyedi N, Wang J, Hintze
TH. Chronic exercise in dogs increases coronary
vascular nitric oxide production and endothelial cell
nitric oxide synthase gene expression. Circ Res
1994; 74:349-353.

32.Seropian IM, Toldo S, Van Tassell BW, Abbate A.
Anti-inflammatory  strategies  for  ventricular
remodeling following st-segment elevation acute
myocardial infarction. J Am Coll Cardiol 2014;
63:1593-1603.

33.Kim C, Choi HE, Lim MH. Effect of high interval
training in acute myocardial infarction patients with
drug-eluting stent. Am J Phys Med Rehabil 2015.

34.Goldhammer E, Tanchilevitch A, Maor |, Beniamini
Y, Rosenschein U, Sagiv M. Exercise training
modulates cytokines activity in coronary heart
disease patients. Int J Cardiol 2005; 100:93-99.

35.McElroy CL, Gissen SA, Fishbein MC. Exercise-
induced reduction in myocardial infarct size after
coronary artery occlusion in the rat. Circulation
1978; 57:958-962.

36.Kjolhede T, Dalgas U, Gade AB, Bjerre M, Stenager
E, Petersen T, Vissing K. Acute and chronic
cytokine responses to resistance exercise and
training in people with multiple sclerosis. Scand J
Med Sci Sports 2015.

37.Rodrigues B, Lira FS, Consolim-Colombo FM,
Rocha JA, Caperuto EC, De Angelis K, Irigoyen
MC. Role of exercise training on autonomic changes
and inflammatory profile induced by myocardial
infarction. Mediators Inflamm 2014; 2014:702473.

38.Chen L, Pei JH, Kuang J, Chen HM, Chen Z, Li ZW,
Yang HZ. Effect of lifestyle intervention in patients
with type 2 diabetes: A meta-analysis. Metabolism
2015; 64:338-347.

39.Wang H, Bei Y, Lu Y, Sun W, Liu Q, Wang Y, Cao
Y, Chen P, Xiao J, Kong X. Exercise prevents
cardiac injury and improves mitochondrial
biogenesis in advanced diabetic cardiomyopathy
with pgc-lalpha and akt activation. Cell Physiol
Biochem 2015; 35:2159-2168.

40.Le Douairon Lahaye S, Bekono FR, Broderick T.
Physical activity and diabetic cardiomyopathy:
Myocardial adaptation depending on exercise load.
Curr Diabetes Rev 2014; 10:371-390.

41.Egan B, & Zierath JR. Exercise metabolism and the
molecular regulation of skeletal muscle adaptation.
Cell metabolism 2013; 17(2), 162-184.

42.Loesche WJ. Role of anaerobic bacteria in
periodontal disease. Annals of Otology, Rhinology &
Laryngology 1991; 100(9_suppl), 43-45.

43.Gray AM, & Flatt PR. Actions of the traditional anti-
diabetic plant, Agrimony eupatoria (agrimony):
effects on hyperglycaemia, cellular glucose
metabolism and insulin secretion. British Journal of
Nutrition 1998; 80(1), 109-114.

44,.Campbell 1, Cutri A, Wilson A, and Harrison L.
Evidence for IL-6 production by and effects on the
pancreatic beta-cell. The Journal of Immunology
1989; 143(4): 1188-1191.

45. Anderson JT, Cornelius JG, Jarpe AJ, Winter WE,
and Peck AB. Insulin-Dependent Diabetes in the
NOD Mouse Model 1. B Cell Destruction in
Autoimmune Diabetes is a TH2and not a TH1
Mediated Event. Autoimmunity 1993; 15(2): 113-
122.

46.Lee YS, Kim WS, Kim KH, Yoon MJ, Cho HJ, Shen
Y, et al. Berberine, a natural plant product, activates
AMP-activated protein kinase with beneficial


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

o Ol 38 WIS (13 3 3 B praals o) jan (55198 (3 58 5l 1800 g Sse Y

metabolic effects in diabetic and insulin-resistant
states. Diabetes 2006; 55(8): 2256-2264.

47.Wang H, Liu D, Cao P, Lecker S, & Hu, Z. Atrogin-
1 affects muscle protein synthesis and degradation
when energy metabolism is impaired by the anti
diabetes drug berberine. Diabetes 2010; 59(8): 1879-
1889.

48.Shiwen ZJZ. Effect of berberine on CDK9 and
cyclin T1 expression in skeletal muscle of diabetic
rats induced by streptozotocin and a high-
carbohydrate/high-fat diet. Chinese Journal of
Clinical Pharmacy 2008; (4), 3.

49.Yin J, Ye J, & Jia W. Effects and mechanisms of
berberine in diabetes treatment. Acta Pharmaceutica
Sinica B 2012; 2(4): 327-334.

50.An H, He L (2016) Current understanding of
metformineffect on the control of hyperglycemia in
diabetes. J Endocrinol228: R97-R106.

51.Li Z (2014) Clinical efficacy and safety of berberine
in thetreatment of type 2 diabetes mellitus. Chinese-
ForeignWomen’s Health 8: 226-226 (In Chinese).

52.Xiang W, Huang X, Huang G Research on
thetherapeutic effect of two kinds of anti-
inflammatory drugsin newly diagnosed type 2
diabetic patients. Journal ofPractical Diabetology
2011; 7: 51-52 (In Chinese).

53.Changrong G, Yingbiao Z, Yiping Y, Rigiu C. Study
on the evaluation of curative effect of berberine in
the treatment of type 2 diabetes and its safety. China
Modern Doctor 2017; 33: 82—-3384 (In Chinese).

54.Jia D. Evaluation on efficacy and safety of
berberineon type 2 diabetes mellitus. Clinical
Journal of Chinese Medicine 2016; 8: 120-121 (In
Chinese).

55.Zhu J, Wang X, Lv W, Ji X. Gliclazide combined
with berberine in the treatment of type 2 diabetes
mellitus. Zhejiang Journal of Integrated Traditional
Chinese and Western Medicine 2015; 25: 915-917
(In Chinese).

56.Dai P, Wang J, Lin L, Zhang Y, Wang Z Reno
protective effects of berberine as adjuvant therapy
for hyper tensive patients with type 2 diabetes
mellitus: evaluation via biochemical markers and
color Doppler ultrasonography .Exp Ther Med 2015;
10: 869-876.

57.Chae CH, Jung SL, An SH, Jung CK, Nam SN, &
Kim HT. Treadmill exercise suppresses muscle cell

apoptosis by increasing nerve growth factor levels
and stimulating p-phosphatidylinositol  3-kinase
activation in the soleus of diabetic rats. Journal of
physiology and biochemistry 2011; 67(2): 235-241.

58.Thent ZC, Lin TS, Das S, & Zakaria Z. Histological
changes in the heart and the proximal aorta in
streptozotocin-induced diabetic rats following piper
sarmentsoum administration. African Journal of
Traditional, Complementary and Alternative
Medicines 2012; 9(3), 396-404.

59.Cosyns B, Droogmans S, Weytjens C, Lahoutte T,
Van Camp G, Schoors D, & Franken PR. Effect of
streptozotocin-induced diabetes on left ventricular
function in adult rats: an in vivo Pinhole Gated
SPECT study. Cardiovascular diabetology 2007;
6(1), 30.

60. Goussetis E, Spiropoulos A, Tsironi M, Skenderi K,
Margeli A, Graphakos S, Baltopoulos P,
Papassotiriou I. Spartathlon, a 246 kilometer foot
race: Effects of acute inflammation induced by
prolonged exercise on circulating progenitor
reparative cells. Blood Cells Mol Dis 2009; 42:294—
299.

61.Jin H, Yang R, Li W, Lu H, Ryan AM, Ogasawara
AK, Van Peborgh J, Paoni NF. Effects of exercise
training on cardiac function, gene expression, and
apoptosis in rats. Am J Physiol Heart Circ Physiol
2000; 279:H2994-H3002.

62.Kang PM, Yue P, Liu Z, Tarnavski O, Bodyak N,
lzumo S. Alterations in apoptosis regulatory factors
during hypertrophy and heart failure. Am J Physiol
Heart Circ Physiol 2004; 287:H72-H80.

63.Xu T, Tang H, Zhang B, Cai C, Liu X, Han Q, Zou
L. Exercise preconditioning attenuates pressure
overload-induced pathological cardiac hypertrophy.
Int J Clin Exp Pathol 2015; 8:530-540.

64.Tanno AP, das Neves VJ, Rosa KT, Cunha TS,
Giordano FC, Calil CM, Guzzoni V, Fernandes T, de
Oliveira EM, Novaes PD, Irigoyen MC, Moura MJ,
Marcondes FK. Nandrolone and resistance training
induce heart remodeling: Role of fetal genes and
implications for cardiac pathophysiology. Life Sci
2011; 89:631-637.

65.Fan ZY, Prins, JB, & Marwick TH. Diabetic
cardiomyopathy:  evidence, mechanisms, and
therapeutic implications. Endocrine reviews 2004;
25(4), 543-567.


https://ijdld.tums.ac.ir/article-1-5972-fa.html

[ Downloaded from ijdid.tums.ac.ir on 2024-08-14 ]

Iranian Journal of Diabetes and Metabolism; Vol. 19, No 2, 2020 EQ
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ABSTRACT

Background: Diabetes is a chronic and progressive metabolic disorder that leads to more severe cardiac
complications. The aim of the present study was to investigate the effects of Berberine chloride at a dose of
50 mg / kg on the heart tissue of streptozotocin-induced diabetic rats with aerobic training.

Methods: 56 male Wistar rats were randomly divided into seven groups (n = 8): control (C), sham (S),
Aerobic training control (TC), diabetes mellitus (DM), diabetes-berberine (BDM), diabetes mellitus. Aerobic
training (TDM), and aerobic training-berberine (TBDM) were divided. Diabetes was induced by injection of
streptozotocin in male rats. The training groups performed aerobic exercise program (10-18 m / min, 10-40
min five days a week) for six weeks on the treadmill for histological evaluation using hematoxylin and eosin
(H&E), Masson trichrome and staining Immunohistochemicals were used to measure diameter change,
cardiomyocyte rupture, change in nuclei, and collagen deposition in cardiac muscle fibers using one-way
ANOVA and Tukey post hoc tests with SPSS 21 software.

Results: The results showed that DM group did not induce cardiomyocyte fibers rupture and collagen
deposition and reduction of filament diameter in group C, S and TC and its damage in heart tissue was less in
TBDM group than in BDM and TDM groups.

Conclusion: The results showed that berberine supplementation reduced these effects and synergized with
aerobic training and reduced the cardiac cardiomyocyte muscle fibers diameter and decreased collagen
deposition and better order of nuclei.

Keywords: Aerobic Exercise, Diabetes, Heart, Cardiac Myocytes
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