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Abstract

Background and purpose: Type 2 diabetes is the most common endocrine disease due to
glucose intolerance and imbalance between reserves and insulin demand. The aim of this study was to
investigate the interactive effect of intensity interval training and n-chromosomal royal jelly on PEPCK
gene expression of hepatocytes and glucose levels and insulin resistance in type 2 diabetic rats.

Materials and methods: This experimental study was done in 36 Wistar rats (4-6 weeks,
100+20 g). After 20 weeks of high-fat diet, diabetes was induced by intraperitoneal injection of 25 mg
STZ per kg body weight. The rats were treated in four groups: control (n=8), training (n=10), royal jelly
(n=8), and training-Royal Jelly (n=10). Training protocol continued for eight weeks, including High-
intensity interval training (HIIT) for five sessions per week with 2-minute alternation of 2 and 8 interval
at 80 to 90% vo2max and a one-minute rest cycle at 50 to 56% vo2max.

Results: Compared to the control group, aerobic exercise led to significant reductions in glucose
level and insulin resistance (both P<0.001). Exercise and royal jelly also resulted in increased PEPCK
expression in hepatocytes compared to the controls.

Conclusion: Improvement of glycemic profile in response to HIIT and royal jelly in diabetic rats
can be attributed to changes in glucose and insulin levels and as well as changes in the expression of
PEPCK hepatic gluconeogenic gene.

Keywords: High-intensity interval training, type 2 diabetes, insulin, royal jelly, PEPCK gene

J Mazandaran Univ Med Sci 2021; 31 (196): 111-124 (Persian).

* Corresponding Author: Hossein Abednatanzi - Faculty of Literature, Humanity and Social Science, Science and Research
Branch, Islamic Azad University, Tehran, Iran (E-mail: abednazari@gmail.com)

111


mailto:abednazari@gmail.com\)
http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

ol bl S B}y ey 1 coll Sl a_La

(11-124) 1400 Juw cabhgus)l 196 s)lad @53 § ¢ 0)93

(e jl pug HOMA-IR g 245 c1al, PEPCK (1 plys Ol pyis
93 €95 kA slm O ja JLg) U w p=o g eglis

Ll W Lo ) saze
2l Mo
ZoWlze sl

2 IuS>

03555 a1 03 S8 Jaomd pile s 0 o8 el 20055 ol oAb g ks idan g il
39S CBLPEPCK 05 0Ly Ol ot acalllas ¢ bl (25 ol das oo & Osedl lolE g b3 s dole
259385 b SO, 53 by J5 S pee 5 sl e el Sl ey sl 4 Caslie et L

100220 055 L slazan 6 64 Sl s 5 ol e 55030 15, oo ims ol ansl il jbg) 9 Slge
05 S 31 4STZ p 5 Ao 25 Slio 0555 GioF b 5 s b s win 20 51 oy oS 5l3 o0 25 0 8
S ma8) Jlsy 5 e 10) o5l o a3 ¢ B) J 28705 84 3 ilis sla, ik s b, 05
(3l o et s St B | 0T (555 s I3 5158 5 s 5 S5 5 e S (w10) s, I3 osls
L glaisseS Sl jrwl osls sVopmax o 5390 680 L sl 862 L glaids2 s sls b azin j3 aud> 5
A |21 V02 Max s 4356 5 50

A e o gl Sl s ls 5 58 o e Al e S gl a5 03 5 b i o lanidly
A5 e J S 0 8L anlin 55 ST (slad g 53 PEPCK 0l 5l 31 4 oo Jlsy J5 5 W5 a3 (P< 0/001)

3558 s O i 5 S e s 4 e (s S 53 Dby U5 5 ol Sl e bkl
i s (g AS PEPCK 05 0Ly 55 5o 55 5 o g

PEPCKOS edbsy 5 eondsmdl ¢33 ¢35 Sabis (055 (0 03 25345 sl 0]l

4o ddo
e 53 sl 0 S I8 L 5548 S Sl 5250503 Solem 2 Fls 3 5 b
5 SalS (DAl e ol en A 5 Sl S Jolss 03555 b 3153 S S s pute o &
Al Sl oley aaiia o S eer el ol (mldas o ) (sl LA 5 2155 o
GISIE s S 05T (S8 1L o g gl g 5 Ol 51 (26 ol on b (S e
JENR S P G O EX L g e i 93 ;0 3| (S 5L g o el 4 Caslie

E-mail: abednazari @gmail.com o5 Gl p sle (sl 0aSsils (Dligind 5 p sk ol ¢ oDl 5T B30 g3 = 8 05 Sule yans Jghanno “ilgo
Ol 05 ¢ iiond 5 pske domly oDl 31T o ¢ ool 3 Sl b (sl otSTs € 5553 pske 3 (Gt ot (anaid 03.5 ¢ 5300 S5 9058 5S> sl L
Olnl Ol «Dlidons 5 p e oy oSl ;ljmf:;mfu.;?!,@uwengm.&:bv:;,,“u,@%%;MQ,;UQ;M.Z

1399/10/30 1 sy s g5t 1399/9/11: lo-Sol g gl 2 1399/9/4 : =l 55 o6 =

1400 caingassy! « 196 sylasd @5y g ;W 8)93 ohsijle (b)) eole slGil3l alas 112


mailto:abednazari@gmail.com
http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

ul]lEnﬂag uﬂp‘uluﬁ% lu':]:n:l.n

3,8 o plonil 433520 51 a8 05 Olejde 508
Ll 5 i s 03,5 8 05 565, L
5 Gsis s SLOE ) S8 Sl p 5 SHhas
(550 oo S8 55l G b 51 bl 5 on (ST e
A5 BU e ot L 53 5 0 S e e
S ol SHas v.gﬁl:ﬁ 05,5 Jeo b 5™ (11) s
Sl s o e e o b e Sl e
st g e B el s I, 0
IS, oS iy anlllas oyl 53 10(12) 355 0
93 F 5 Smbs Olens s (Gl sa (o9l Sy el
5 Sy Sl e b 53 Bl 523 8 BAE
o S 5> Ao 1 S ke (slacsslay Oleys
o=l 3 (13) 555 o eslizul w5 ALE (glag s I
e L oo Jes conls 0L Dlalllas ) 5
oS &K Ol 05 A8 (a5 )3 0,l3 8 ol
by Lo s LS o Wbl cage B Cubs AS
L 2l s Sl s 8 Sl ool 5 S Jus
o33 Ol b a2 lsT b 4 8 Sl ladis s
sl ds Juale SO Ol geas OT 1 Oldies 5 ol
(1514) Lo S oslizul o 4all
3554z Jolbe deiw osls (Royal Jelly)JL 5, J5
7 S Sl sis (SEa sl b5 oS
2335 dsb )3 gy 5 jes plas 3 aSe 55 baws
60 550 LT (o5l JLsy J5 o0 oo L2 pmme L)
o3 15 bl yuny S s )3 18 iy cis s
5o U5 Saas claeSla i ;56 U 3 b
05,5 bl s CE D A ol g fols bapualss 5
10 s 550 s 3 LS 5 Lol e ks 5B
3 (S5 5T o5) Ll ST JouS 50
(16-19) ol Lo 53556 05 5 51 Ol 5 Jb LS 5
AOHDA k) akises b LS 5 g5l JUs, J)
Ghls el osls Ol 8" ol (RIPS s AMP N1-oxide
el sl slan Gl st 5 S8 Sl ol
IS 5 ULS  Clablos 53 gegs LEE Cprimmen .l

Sl Il g OT (Al o 55T 5 535558 I8
F3555 S oo s ASE I3 Ll GUS oS 5 S
(32) 555 0 OB 2l 5 il o

5 i 125 53 A8 681200 51 2 0556
o Edlab (ghls 48 Wlods 4t s o3l s 183
p oo 2sban 0T I (e 3l i o7 s 2>
50 350> 5 5 dlods 5 mme bs A Ol geas
(3:2) Wlo s andllas At loT 3 b 3l 55 Aoy

et 53 3 368 S I8 0 55T I S o
S oS S Sy gl 3T 555558 I8
AT OT s 3L 8l 5 Ll S 28
rmen ()23l 05 S b o St
by ous oSy, ol S g liSas
(o gl o35 4 ST (Sl gy 58 (F 1 (o 550
e 5555 5 4 5 (i) AT 0 515 S
(6) 555 o J 1S

(PEPCK);LS (S 5 S sy I gl gid 0 5T
DL S S U5 T b ednSs putone o 5T
L g OTOLs oS ol S 555555 8 Sole
Ohbez 03 5T cnh Ol (B5b 515500 sl ) o
2 ke (B 48 b e I 2 s s
PEPCK ¢l 5 osdhe (T) 3,15 S o gl oo glie
S N UCRICE NS PRV TRE It U U i
25T 0l Ol i B s c35m 5 2l 4 (8) 45 e
3 e o)) et DLl 53 (S5 & yoi 5 Sals L
Sl 35 3 @ lis ((85)5 CMlaé 28 ol 03
(Ol ol ot e 3 425 5 Tabs 5 o sl 4
Sl 055 W3 J ST ol opr Jolss 5 S s
s ol 30 53 TS Sleys lasl sl 3l woman
Sl o plandl 28 4 a9 L. (10) T o e ol
Wl 5 Bl IS5 6 i s SB0s sl
Iy o9 p8 analar )3 (5 o3 ks (gloo g 3131
s LY gans oS ud o9l5 Ol o3 A8 s

‘_;\AC,.:-‘JSM‘ a)jbjg_,lédbp;;‘b Mﬁgo)i;\lb

13 1400 cafingaas)) « 196 s)lodds @53 § W 8)9s

ohaijle Ak} eole slEihsl alas


http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

Jko) Jj eypas jl guy PEPCK o oly cshnes

170 430 - K0s 055 40 Obany 5 o8 lo3T Lames
b 8515 gy i 0 8

sz e bads (b D) a0 i .
IS os, S h a5 (e s gn 00T (g s
8) JLoss J5 = 10) (asls o o (= B) (2L
L s (o 10) JUsy 5 5 s 2 o5 5 (e
6) mbsd xS oS4 53 w29 IS5, 0LL y5 S
53t o e (1) Iy I3 d8) s o pos o
Lile 3L (e 8) Jbs,y I3

Sl b I ] o Sl 6K (ST
A oslizal IS 51 CB L Colis Sl S L e
w3324 5 20 Sl (6 )65 e o gllas glos
B3 423305 555 S50 i cugb, 5l 8 sl
G55 b o e ol 12 e 5 ki, o
e I Sy AU S i L
G 4l Sy b aley AL ST SUl s
A sl 3kl a5 3l ) e
3gdomal Oy peoay e 4 gl e Gla Dy (o 2
et 53 6,2 e 500 (clags Loy 55 OT 5555
13 3 g g a

e s Uy (6850 5 (5l LT I ey
@_\.'\_';V_ljjc,_w‘(abS)MZO e s by les
Y| NN PN NSV Y NP N B P S
NS 655 a3 85 Jols oS i 8 )5 0Ly,
i S Whssle Glam ) S odd ra o r
05100 2 55 ons S0 SAL 5 5550 5 24
=3 50ld Do do 345 O 3 ABL

(2524) s 0315 6le 2 ke 4 s 5560 o

G F Gt b S a3 S AL )
(STZ) sy il
Qu@gﬁﬂ.@\.&ﬁj)ﬂqg:éw\éu
33STZ 3l ediags oj6 J gl 335 e 5 42dn 20
Slio J1s Dot 5 505 JB S35 e

(siled Ol 03 5 3,15 (Aald s 5 055 5 5
O sl g mbas 28875 O B (55 a1
S8 T glp 3T oI ol 0l 5 )
J5.(16)s1s 5Lz 1, 50D 5 GSH-PX (CAT il
Slac s Ly oge DS 5 Sl e 5bas Js )
(a5 diile e 0SS 38 5 (SO 55 5
T Gladl 5 i 3l 50 cla s 5 (Lo clacS
Wil el s gl 5 (19) ol okt 125 15T
3 0 S ) el el M
A D Cslapmbss 55505 polin 5 oS 5
(o ety g2 el ) 53l 5 () E
BERIVAYNECIEY S S W S N V) }‘}A‘}:ilﬁ 58T
Calie slajss 65k JoSa cla &) (5, alllan &
A (0 S 1 5 e 300,530 10) Uy
oL 5 e o ) a5 S gt 05 LS
(ST T Ol ST aete gl 4 Caslis
05 o oS Cliblos 5 lellags ol ST T
3 el 11 (2322) Cl oy ST 4 55 JU )
J5 e 5 3l Sl sp o el hals Sl s
Oly 5 558 o Jolge 215 sns55m3,5 N JLsy
G S ea L AT 3L PEPCK oS358 55 48 03
=1 S 5 by J5 s i Ol s L La b s
Sl el 5Ll ool (5555 4l
) 3 ol gl e el 3 S sl s 2
Slallan 3l oy (555 5 (SE R e 55 sk
S 90 SEuSlas ol Ol gean alin S
ol 5 (b I sl obs 51 A6 5l 50

.:ﬁfj\}a:&:v‘\ 390 GAS

b o9, 9 e
Sy 30 i ek gei 5 dins o JSK5
s 555,45 535 i aals b Ol Syl 5 5135

L obesT asin 53 5l ey inp o8 110210 555

1400 caingassyl « 196 sylasd @8y g ;W 8)93

ohaiile (b)) eole a5l alas 14


http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

ul]lEnﬂag uﬂpﬁluﬁ% lu':]:n:l.n

\_'r)y)j:é_.]aj‘)lfr&ﬁ)au‘_;)‘qi; S
Mj‘jlf}&j}abu"')buwﬁ)ﬁjﬂkbj

bl sl A e el s

23 e =l (Gl (e i Sla il
22 oy S s gl 5 I L ke
oLy 5 (Vo2max a5 90 U 80) aiss ,» 2038
56 U 50) aids ;5,222 516 co o L ol 2l
Oy gyt aids 34 3115 oL (vo2max Lo s
Iyl 53 5 S 05 8 e plonil fns 5 (555 O 33
Wy ol o3 5 (530 S et 4 JSS 5 ol
3550350 S 5 S L e Sl
93,845 O oplan s eslinal 2007) of ) SKes
433D 3l ey (e Ay 5 s e HLeS wie
o Uy e iz 53 10 s L0 S0 8
538 O g3 4 gy b aida 2 e waids 53 2 15
S B Al 0353 s s 2B 53 20 3 4k35 3 A
o OT iy (Sl g 4 a5l oIS
s ddbon s 8 5 53 OUT S e s Ol 5o
o BB 80 o g s s gl ST s
(Lo les Jgus) (31-33) i a3 § ka3 ,s MERT

P

T3 ey Sl B8 5 a3 095 anSlE L
ol 1251 oy 5 2 5 2 Ses 8 e ek
S Pl g esle by Las) oAU
G055 G b 3 055 Slaassed s Gl
;\J_?‘;;LMQJ;—ZO <5LA3J:}.L$‘_;)5TC.>_- -t
90T 51 6 &s Sl oslizal L S8 s (o,1ugSS

adllae ol 53 eslial (o 8 4 AST0 8 e 25)
o3l Wl STZ 5 Plus 5 o =3 b g
als s Lph 35 58 SO slad e 6545
05 S I G5 I e in G s sl 24 5
G Lac 03 53 S S Lol sl b oL
bug 55 5 S )5 s 05 o
5,8 S e bl 5 Lokl Sl e S IS oKis
O‘}S&Q‘;ﬁ.‘w}/r;&:ﬁ4ooulsowofﬁj
A s 4 b (Slal I Olaabl 6l (5 lne
sLac, 0ds b3l 5 ke Olabl (gl s a3 8
jléﬁfopgzwj,bgajﬂloj\JKd:
Cnslin Gastls 5 o smil 5 S8 5 AT foe a5
53 0T Sledbl 8™ s (6,801l bOT o sl @

(26-28) sl 0o T Laasly J gl

w2233 SN gy Jj e 5 i S
3,540 Jole dii osls (Royal Jelly) Jus, J3
7 B st (SECaw sl bau s o
2335 dsb 53 sy 5 see ples )3 S 555 bawy
32955235 N sy d5 o sd e O mae )
b ags o Byl s O s fus g5 g9
5l 3o, S slac, o tlaiT ops b 5o
100 555 L dlssy J5 o0t nms 5 dbss J5 05,5
ST s es -3, (100mglkg) p LS 0 8 e
I a5 J5.(3029) s ol 558 5as 4 5 ade
o3l s I (A DS 5 (sl palie sl
(i S O3 oo BOT o g 51 457 ol a5 26
AUTbss d5ap b1y s 5 T (s aels’

Q)}-&A{j:‘;éb@‘)ézosﬁéb:‘pja.\.&

Sjuwﬁﬁu:h,m&&

JSok; 038 5y ks e Ol o ol Sl 055 p 5 o wia
(aids) 55 Sl ol Sl ol e e ks ol @5
16 s ;s 210 (4iss> ;5 7 16)H50 asl (4285 53 7230) iy s, 180 @2 osts2 aiss 0 p335dsl
2 10 (i 7 18)452 @il (i35 55 732) 485 @is2 ostsd 10 s o
8 10 (s > 720) 54 @il (4> 5> 7238) %90 @is2 osts6 10 sy
% 10 (48> 5> 222456 @il (4> 5> 2 36)1495 @is2 oss8 10 IR

115 1400 cafingaas)) « 196 s)lodds @53 § W 8)9s

ohaijle Ak} eole slEihsl alas


http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

Jko) Jj eypas jl guy PEPCK o oly cshnes

bl JLT 515 b il ly wilons (512 o 05057
RTINS0 US| [P POV PR PR =
St 05T 5 5 Loy 8 s Sslis aglie S
Cogr Sl el e e Ls 5 le 53 iyl
ool ol Jiz s (sl uite 5SS 30 Ol jas 4 i
plol SPSS22 1310 5 3l eslizal b (LT ;LT 3 &

Al wjfjlm 5 P<0/05 Sl e da.» Al

b 4l

I 3 aallln 3,50 (sLa; 05 L
el o 141 3 o jled

() ey 055 Kl 553 o jled Jsor 3
oo doas o0 OLLS ) O 50 3 oy 9 S8
Sz o dlesl Jldn 055 e e ol d o ls
o 5 SLeMbl .l ails odalie BB ol 35!
S sy gl Coaglie Lol g il 5 S8
s 53 5 ok 6,8 03000 03 31 6,505 31 oy
by 0dd b 5 (S a5 555 e odalin 3 osless
Iy s uiie s 5 QLFW‘V-&4OJL«:‘J}-\>.- o
..\.a:&ol.:s

Haasl bli L
3 ele 93 boly Jos s 5 ojleds Jyd

s e Ol 1 be s 8 31 eIl 55 5 Ss A ke

05 by slaasl
S ga3 13 PEPCK iS5 coie oot 15 5o

1 (el cp s 9 dbgy d)) o2e 9 =S 2o

OgasT ol &8 5 o smaine S by () gl
o gl am Caglin L Li s o, Sl
(22) s aculons J g0 3 51 03lizul L (HOMA-IR)

(HOMA-IR) - sl & s sl = (LUI/MI) - st X (Mg/dl]) 357,8) /405

S CSLPEPCK 050l s,
05 0l (58 ol ) gateas 55 A S sl
o p e mle D5l b g Al ol 5 e
IS 0l Sl gl s Jizie 5 5l 4 5580
JARNA Iatero,);V_lU Jo =l e plsil 6l =
31 F e ar 5320 e 535 53 e 5 el
oS 5 eslized LRNA sy dl o 5 iesls 3
RiboEx Total RNA isolation solution (GeneAll)
OT (S 5 (oS (s Cmslgh 02 5 Ao ) 3z
S ST U5 5 ol gl o8 3 oslizal |
3 0P s 5 Olabl 1 g S plail s
oS 31 oalizal LCDNA (ol siz sl RNA oS
FIRE Script RT cDNA Synthesis (Solis BioDyne)
JUazt 31,8 ol az 5320 ite 5 0 4 5 b s le
L jal y PEPCK 05 (s 2 (81 1o - L 0303
Primer3 J5le s L g rags ol s eslitul 5y
o 08y S35 g S by 5 a8 b
Jsdor 53 e3liul 3550 (slmmsly JIg ds S

Ll ol oJJjTZ o‘)u

:LAaJ/JuélﬁJ_; ?j?””uf'_})
E) “—_’_fJ SPSS22 J‘H‘ff J‘ oala ! \_' Laocals

&5"3_";-’: )LAT)‘ Laosls W}S 6‘)-’ S S W J:.BJ

T . . . . /.
..L&:QJ olas Q_,_A)‘ A esla (:)b\at'_w‘ d‘ﬂu‘ E) u:g"l—:"‘)
jL{MJ‘J@J_’a Q:ﬁﬁl‘bw C,.@;.-dgl{jjﬁ:u
i3 ol 53 elizals s sla el 2 0 led Jeus
Gene Bank Tm Product size Primer sequence o5
For: TGCCCCAGGAAGTGAGGAAG
NM_001191052.1 60 159 bp Rev: CAGTGAGAGCCAGCCAACAG PEPCK
XM_008759265.1 60 164 bp For: ACTTTGATGACGTGGAGGAGGAC RNA Polymrasell

Rev: GTTGGCCTGCGGTCGTTC

1400 caingnsyl « 196 sylaids @8y g W 8)9s

ohiils (b)) eole ol5RSDL alas 116


http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

ul]lEnlbg uﬂpﬁluﬁ% lu':]:n:l.n

HFDuﬁﬂﬁj‘)‘)‘w@‘ﬁdb&)w)}u‘m@juﬁ};ﬁj Q)} 4._.1)‘ dn._..pj CJLF)U;.?) UL...’:J,.&;—

£33 g5 bs o 6l p STZL Subs Wl

HOMA.IR (HUIMD 35t

(mg/dl) s 8

Sl 055 ) I35 855505

3/56 +1/43 3/92 +0/49

363 £124/5

409/03 £51/69 193/34 +19/46

Caliben (slao s 8 53 ol e slacs, S PEPCK O} 0o o guil a0 Cn slin Lot ls g o sudl S 68 5055 o 5 4 0 5led Jsur

(=B Ly d5s 1) dlss J5 (8) (o5 oo () J s o3 8 1 ia
420/12 +56/05 417142 +33/69 407/37 + 64/64 386/66 + 48/42 o 250 055
334125 £ 2127 344/57 + 3517 373/12 +54/28 317+ 713 i a1 ey 03
134/00 + 14/87 131/57 +15/74 40104 + 138/25 333/83 +39/39 (i o 1 p 5 )5 5
5/12+ 0/89 7/36 + 287 6/22+ 1/35 3/89+ 0/53 (RUI/mI) o st
1/69 + 0/36 231+0/68 2004 + 0135 318+ 0/33 HOMA.IR
217 + 1/64 1/29 +0/81 1/93 + 1/08 113+ 0/55 PEPCK gen.Fold.cheng

e lobs e 554 o)l dslir v x5 L
el Cs s
2 s Elaes 8 53 (05 05 oS0
sy = cn s 5 (344/5) UL 5, J5 (B73/12)
Saiime b il GLT) J 287 4 s (334/25)
(s 0 8 Gee) 558 il Koo ils
(333/83) J =S™ an i (138125) -y ;a5 05 5 s
JU sy 5= op i 03,5 55 5 Coils Jlo gae 2alS
sl (13L/57) I s,y J5 09,5 4 s (134)
U5 cpad 05,5 35 5 Cdls S I (g s ine
Clale Kl ils s as (2alS S 4 S
i S (6122) s 05,5 53 (MUNMI) 5
09,5 355 iy s ae il 591 (3/89) U, =S
Iy I3 05,8 e s (B112) JU sy I3 o s
U sy J5es, S Lal sl g )ls sine o 5li5 (7/36)
09,5 3. als by me ol 5l J S a0 S
M b SIS 4 i dbs) J5 2 e
(HOMA) o st i Conglin o ls o Kke .ol
(3/18) J =87 05,8 a0 i (2104) - a5 05,5 s
Sole . ils Hls e 2alS @131 UL s, U5
(1/93) sl i 03,8 ;5PEPCK 5 0Ly o
Jlss I3 05,8 555 (U29) Jbsy 5055 5
Ol il 5ol (U13) J w8 0 s 457 55 2/17)

Wl Sl gae 8

355 S et 5 Jule g5 byl e 15 esled Jour

Z - .
Lao 9 ; » | o}‘-h‘
Heu Sig. F uf of ST sl e
003  OBAL 0943 s U (505
0/013 0/569 0/334 dbssds
01T 0049 A iy,
0752 00001 7570 RPNy (g3 pp B o) 5
07776 0/0001 86553 Juayds
076l 00001 TOBE  Jus,Jiecees
000 0/0946 0/005 o S (Fbe ol 5 S) o gl

0127 0069 362 Jsy s
0850 0001 1345 iy, Jiec

0o00L 0012 2613 EPCNTS
ool 067 1278 Jsy s
U5 0B B iy,

Ayl 4 Cuaglin asls

010 0065 374 b Jps (Fold Cheng) PEPCK oot
0057 04 021 Jsy s
0000 02 0008 s, Jiece

= Control
GE
250 mE
G

2.00
1.00
1.93
1.14
0.50
0.00

J S b3 bk gas 45 PEPCK 2S5 et olads sfaged

E3 )

Fold change Ratio

17 1400 cadagasyl « 196 sylasd @5y g (W 0)9s

ohaijle Ak} eole slEihsl alas


http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

Jko) Jj eypas jl guy PEPCK o oly cshnes

(ol e (39¢34) 555 00 055 S palS 4 e
S plte Lowe Ldo (gl mulin 55 4l
ol ot o g3 G b S Wl o T el sl
S i ml 3 Slalllas as S1.(414034) 5 45
@ 5 ploil 508 S S o) 53 555 (sle s
Olo a8 3 405 ST ol anfllas glaasdl Lel el
S 55555 I nT b s 8 s slals
axin B S gy ba i o S 555 Sl e
Ndbs,di el Juls 5o oleSa ool o el
P PEPCK 0Ly Hls e 8 iuldl 4 095 909,S
05,5 a2 g5 2l sl 548 slad b
Al ele (LISl OS5 el aalp s &S J S
Ol Ol g5 oo 1y Ol bl a ol ol e S
OS5 Iy ol S I8 4 5l 2l 31 5 Dy
3 Smal ool aaly cpl 53 (655does sl Slalllas
s Daliie glaodld js 5t Olallles 4 5L
(2006) ol LKes 5 Chang aalllae 3 .3505 5 5 OSLS
slaasl 4 staul b 5 2012) of \Sea s Marinho
SYsb elinal 85,5 Ol el a5 Wsls Gl s
Sl s 35t om0 055 LS 1 Jis s
oen 3 e IS L s o gl KIS
ol ot 4 o gl 3 S (555 2 B 508 e g S )
W3 8 pamta 5555 I8 a0 Ol S
S 4 Ol GV b bl Dby el ST, sbe
) e b e 60555558 a0 0L
S LAl 0k 5 s s )3 35 5 Jole
ool Uy Caaslia ) o 0548 555555 58 s 3
Coil y A CMe s Cods (glalal 55 o sl
Aol flan 055 S8 # e Db oo
e 055 S s 28 015 e S 26
23 S 55 sLad3 ol SRalS s (b5 Dby el
wms ol 53 (A32)sls Lomei (545 359555 I8 e
S s 55 8 5 (sla e (55 Slllas 4 S
ol aalllan (slawdl bl ol 43 8 gl 0SS

3 sl e in 8 S Sl g o
T = 5 64S PEPCK 05 0y = dbs,y J5
,;C,Jﬁtd_;éu@)‘;gﬁxgu,w,;ﬁ
(PEPCK) 558 505" Olg s J il gind ks anlllae
73555 I 53 2558 S slag 5T 51 (S
=S 086 S 5 gl LPEPCK 05 0Ly wCnat
Sl el oo fua lilg HPGC-la .a4d
4o 5586 Jd 5l e pm 53 0556 pdin (o 55
oml 4 255 FOXO 5 (HNF-4 @) S gila 4n
i 655558 M sl 5T 555 i S
JS 15 (PEPCK) LS (o8 51,8 Dy I 5l s
Gl s sha ¢ olde odes 51w Jl= ool b.aS
S LS e s S sl I S
AKT O gl fid sl 5 358 g0 Joma oS
50,5 a3 HPCCla 55 a5 44 5485 0
S & e sl 8T ) ST e e 15 OT Cled
(35634)3 55 o0 355555 I8 Jlgo 5 05558
SIS PEPCK 55 55 51 (oo 535 Jo5 s5ludled
PGC-la lw s HNF-4 o Olajen Golwdle 4
Calisee gLt s, 45" ol o3l OLis Slalllas .30
JrS ol gl 0 ol 1 2t S 50
2555 ool s e s Jalse ple s endS
Sl IS Jsbo 5o 05550 @ alal 5330
5333 5 b gl S5 SIS s 1)
O g3 U LS pl el K o8 015
ot s lid (S (glap g dlad 5 Oly 3l
Lo e a8 5 OMae s S eed sl 5 o
Gk S g (as op e (38-3634) a5,
F55555 48 2als Ll sPGC-La al s
ool 35 EeLPEPCK 0Ly j2alS dawlsa,
S ol s ) S5 S Slidios uimen 353
S sl e g s b g5les Slu s o
s ) el S )5 5 S e s

1400 caiingassyl « 196 sylasd (@5 g ;W 8)93

ohsjls (i) eole oGRSl alas 118


http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

ul]lEnﬂag uﬂp‘uluﬁ% lu':]:n:l.n

55 oped i 8ol Ol sl adlllas s
Sl el (b 5 gle sl 5o b, dS
O 5md) O jn 3 simn G131 5 BEG ST 13 gne
Qlj_:.:.u:)j_n):bhwé:{b_:&\fwéu&)rﬂ
382 5mlatn ml 53 (sl Dl i 53 ol 5]
DAL Lol e o gl a3 (@017) 01 S0en
S Y B HIT Sl o5 4 ey 53 1, 05 S 58
ml L (D) Ulessai 28 255 s sl )3
23 LS 5 sy ol g b G8le (-
wsbs ol e oy gy laddlas s 2016 Ju.
Gled T ain 12J:55L? sy odd lsstz L &S
L el 5 (550 Okisd S o 5 Al 5 S SIZ
FAF 35S gy g s e S )
53 BEL S s smn (1Al 4 g 5 wali S
e U8 mbs s 8 4 Sl il b e 8
FYL Gl (b3 058 55 sl o 5 L
Ll ol ol Lal s gn JpuS mbses S5
G SR b b 31 (88) 3 55 s e LT
slad gai 59, 2017) O, SKun 5 (g 4l s o s
o)lzs U5 pmae ol ot L oy o aiin 6,50 ¢l sm
N R N e ALl
Ll o el 4ST Asls Olid 5 Ayl 5 aalllas
Sl eS0T S 5 51,58 4T ol o ums
Pl Bl x s s s SIS S
ol a5 U e La0T 6\_“.345(49)&,_5\:
oS 5 4d o yLbl 5 asS5 sl a3 b Sl dsl
IS 53 15 58 ) gl SIS (5l s
PEPCK 5 G6Pase -1 ¢S5 45,8 8 slad) Ol
3L S o a1y U8 555555 e
PEPCK 5 0l 2l 530 03 5 50 dal s aly 5 A o
St Al e s a0l g e by d3es S 5o
J5 Dae Vb O a4 il 53 (sl 2 o
(50) 51> s JU s

T35 8 55 lads oly oS 5 4 AT
Flae (h55s Dl s 4 ks 53 5S35 K
Oly aS Conl odd jasefo oy ol L 38 o
G ) 355555 M8 a3 5s 855 slass)
JoB Ol 4 e G5 5555 Clane e GY b
sRopelle aslas 3 aS oy sbay Al o a5
G6Pase yPEPCK S slags ol «(2009)0,8en
s el SOl ey 6555, el 8 Ll
oy Sl ol Olaie g 3L talS e Y b
5 a5 e (gla05 Ko KIS (gl s 53 i %
S 515 Lz Laassl .Ulesls G (sAS” (slaks| b
S, oluB 51 g o gl KIS (5l s
25y Do GV b el 55 andr oS CSlae
S 55558 I e Ol EalS L oS Al
Oy sed o531 L Ola o G6Pase 4 PEPCK
Oy aalS cpomen o sl 4 anuol s FOxol 5 Akt
(88) ol o) jor (5 US™ slad sk 45 PGC-lalpha
ST 4SS ol 4 o) sen Oliises caie) cpl )3
23 oy gl Sl U S gl 51 i 487 Silos gol
o Sl Sl Oae Ll Ooda slacsly
S 3 La05 Ol s s sk 03 350 5 S5l
S s sy S 35558 e s
C oo SALS Oliims ol (45) S o el 055
Ol 2alS a1y (55 Dl of Cblaze S0 I8
Hlo313 s (57 5355555 I8 e 53 18 55 a0
¢SO 5102013) ol ,LSKes 5 de Moura aslas s
3OS s palee Gy D SV sb LS 55,5 andr
PGS S I S, 53 S A0S o p
WS oysb s s ¢ S0l ddle Bl slac,
L oads e 53 o s Col 15 adllan 350 sla,
5 gai HIT bl .5 gi | o) 428545 Sl alols
sl 16 ,5G6Pase s PEPCK 55 Cse S
ol 05,8 US55 0p05T Sl

(46) il iS5 e O e

119 1400 cadagaysyl « 196 sylasd @5y g (W 0)9s

ohaijle Ak} eole slEihsl alas


http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

Jko) Jj eypas jl guy PEPCK o oly cshnes

oosesde 5 S S oKy M aaS o
S el 5,518 5 Olaia 5 psle S5l

References

1. Shokrolahi Ardakani A, Abednatanzi H,
Gholami M, Shakeri N. The effect of 12
weeks resistance training on G6Pase and
PEPCK genes expression in liver hepatocytes,
glucose and insulin levels in type 2 diabetic
rats. RIMS 2020; 27(4): 88-89.

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
(Persian).

3. Bazi Shad A, Miri H R, Esmaeilzadeh
Bahabadi S, Hajinezhad M R, Dahmardeh
Ghale no F, Sabori H et al . The effect of
hydro-alcoholic extract of Prosopis farcta on
weight, blood glucose and gene expression of
Pyruvate Kinase in Diabetic Rats (Typel).
Jms 2017; 4(4): 1-9 (Persian).

4. Zhang X, Yang S, Chen J, Su Z. Unraveling

the regulation of hepatic gluconeogenesis.
Front Endocrinol 2019; 9: 802.

5. Li C, Li X, Mao Q, Guo Y. MicroRNA-223
inhibits hepatic gluconeogenesis by targeting
forkhead boxO1. Int J Clin Exp Pathol 2016;
9(12): 12502-12510.

6. Kim HJ, Jee HJ, Yun J. DNA damage
induces down-regulation of PEPCK and G6P
gene expression through degradation of
PGC-la. Acta Biochim Biophys Sin 2011;
43(8): 589-594.

IR.SSRC.REC.1399.034 351 uSL 5035 b,

7. Haeusler RA, Camastra S, Astiarraga B,
Nannipieri M, Anselmino M, Ferrannini E.
Decreased expression of hepatic glucokinase
in type 2 diabetes. Mol Metab 2015; 4(3):
222-226.

8. Konopelska S, Kienitz T, Quinkler M.
Downregulation of hepatic  glucose-6-
phosphatase-alpha in patients with hepatic
steatosis. Obesity (Silver Spring) 2011; 19(12):
2322-2326.

9. Samuel VT, Beddow SA, Iwasaki T, Zhang
XM, Chu X, Still CD, et al. fasting
hyperglycemia is not associated with
increased expression of PEPCK or G6Pc in
patients with type 2 diabetes. Proc Natl Acad
Sci USA 2009; 106(29): 12121-12126.

10. Research Institute of Endocrinology &
Metabolism. Diabetes and exercise. Tehran,
Vista; 2010. (Persian).

11. Gillen JB, Little JP, Punthakee Z, Tarnopolsky
MA, Riddell MC, Gibala MJ.Acute high-
intensity interval exercise reduces the
postprandial glucose response and prevalence
of hyperglycaemia in patients with type 2
diabetes. Diabetes Obes Metab 2012; 14(6):
575-577.

12. Godin 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. Am J Health Promot 1994; 8(4):
279-285.

13. Khajehlandi Ali, Abed Natanzi H, Nikbakht

1400 caingnsyl « 196 sylaids @8y g W 8)9s

ohiils (b)) eole al5RSDL alas 120


http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

ul]lEnﬂag uﬂp‘uluﬁ% lu':]:n:l.n

H. The Effect of Swimming Training and
Aloe Vera Extract on Lipid Profile of Male
Diabetic Rats. Journal of Isfahan Medical
School 2017; 34(411): 1515-1522 (Persian).

14. Erejuwa OO, Gurtu S, Sulaiman SA, Ab

Wahab MS, Sirajudeen KN, Salleh MS.
Hypoglycemic and antioxidant effects of honey
supplementation in  streptozotocininduced
diabetic rats. Int J Vitam Nutr Res 2010;
80(1): 74-82.

15. Al-Waili N. Intrapulmonary administration

of natural honey solution, hyperosmolar
dextrose or hypoosmolar distill water to
normal individuals and to patients with type-
2 diabetes mellitus or hypertension: their
effects on blood glucose level, plasma insulin
and C-peptide, blood pressure and peaked
expiratory flow rate Eur. J Med Res 2003;
8(7): 295-303.

16. Khazaei M, Ansarian A, Ghanbari E. New

Findings on Biological Actions and Clinical
Applications of Royal Jelly: A Review. J
Diet Suppl 2018; 15(5): 757-775.

17. Viuda-Martos M, Ruiz-Navajas Y, Fernandez-

Lopez J, Pérez-Alvarez J. Functional properties
of honey, propolis, and royal jelly. J Food Sci
2008; 73(9): 117-124.

18. lzuta 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 Alternat Med 2009; 6(4): 489-
494,

19. 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; 9: 4.

20. Nagai T, Inoue R. Preparation and the

functional properties of water extract and

21.

22.

23.

24.

25.

26.

27.

28.

alkaline extract of royal jelly. Food Chem
2004; 84(2): 181-186.

Ramadan MF, Al-Ghamdi A. Bioactive
compounds and health-promoting properties
of royal jelly: a review. J Funct Foods 2012;
4(1): 39-52.

Shidfar F, Jazayeri Sh, Musavi SN, Malek M,
Hosseini AF, Khoshpey B, 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,
Doi S, Kawasaki H. Effect of long-term
treatment with royal jelly on insulin
resistance in Otsuka Long-Evans Tokushima
Fatty (OLETF) rats. Yakugaku Zasshi 2007;
127(11): 1877-1882.

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(12): 1607-1615.
Gheibi S, Bakhtiari Zadeh F, Ghasemi A.
A review of high fat diet-Streptozotocin
model for Induction of type 2 diabetes in
rats. Iranian Journal of Endocrinology abd
Metabolism 2016; 18(2): 135-148 (Persian).
Srinivasan K, Viswanad B, Asrat L, Kaul
CL, Ramarao P. Combination of high-fat
diet-fed and low-dose streptozotocin-treated
rat: A model for type 2 diabetes and
pharmacological screening. Pharmacol Res
2005; 52(4): 313-320.

Moeini Fard M, Hedayati M. Aluxan and

Streptozotocin, Diabetes Research Tool.

121 1400 caiingyssy) « 196 s)laids @53 § (W 8)9s

ohaijle Ak} eole slEihsl alas


http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

Jko) Jj eypas jl guy PEPCK o oly cshnes

29.

30.

31.

32.

33.

34.

35.

Journal of Applied Sports Physiology 2015;
10(20): 13-22 (Persian).

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

Baburao Waykar B. and Algadhi YA,
Administration of Honey and Royal Jelly
Ameliorate Cisplatin Induced Changes in
Liver and Kidney Function in rats. Biochem
Pharmacol 2018; 11(4):2191-2199.
Rodrigues B, Figueroa DM, Mostarda CT,
Heeren MV, Irigoyen M, Angelis KD.
Maximal exercise test is a useful method for
physical capacity and oxygen consumption
determination in Streptozotocin-diabetic rats.
Cardiovasc Diabetol 2007; 6: 38.
Akbarzade.A, Fattahi Bafghi. A, The effect
of hight intensity interval training combined
with curcumin supplementation on Plasma
glucose concentration and insulin resistance
in diabetic rats. JSSU 2018; 25(12): 961-9609.
Rezaei R, Norshahi M, Bigdeli MR,
Khodagholi F, Haghparast A. Effect of eight
weeks continues and HIIT exercises on VEGF
A and VEGFR2 lewels in stratum hippocampus
and cortex of wistar rat brain of continuous
and interval intense Journal of Exercise
Physiology and Physical Activity 2015; 8(2):
1213-1221 (Persian).

Ghahramani M, Banaei Far, Arshadi, Sohaily
sh.Effect of aerobic training on experession
of PGC-1a and PEPCK gens in hepatocyte of
streptozotocin-induced diabetiv male rats.
Stud Med Sci 2019; 30(10): 791-802 (Persian).
Wu H, Deng X, Shi Y, Su Y, Wei J, Duan H.
PGC-1a, glucose metabolism and type 2
diabetes mellitus. J Endocrinol 2016; 229(3):
R99-R115.

36.

37.

38.

39.

40.

41.

42.

43.

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):
131-138.

Rui L. Energy metabolism in the liver. Compr
Physiol 2014; 4(1): 177-197.

Aoi W, Ichiishi E, Sakamoto N, Tsujimoto
A, Tokuda H, Yoshikawa T. Effect of
exercise on hepatic gene expression in rats: a
microarray analysis. Life Sci 2004; 75(26):
3117-3128.

Sharabi K, Lin H, Tavares CD, Dominy JE,
Camporez JP, Perry RJ, et al. Selective
chemical inhibition of PGC-1a gluconeogenic
activity ameliorates type 2 diabetes. Cell
2017; 169(1): 148-60.e15.

Way KL, Hackett DA, Baker MK, Johnson
NA. The effect of regular exercise on insulin
sensitivity in type 2 diabetes mellitus: a
systematic review and meta-analysis. Diabetes
Metab J 2016; 40(4): 253-271.

Kolawole OT, Akanji MA. Effects of
extracts of leaves of Newbouldia laevis on
the activities of some enzymes of hepatic
glucose metabolism in diabetic rats. Afr J
Biotechnol 2014; 13(22): 2273-2281.

Chang SP, Chen YH, Chang WC, Liu IM,
Cheng JT. Merit of physical exercise to
reverse the higher gene expression of hepatic
phosphoenolpyruvate carboxykinase in obese
Zucker rats. Life Sci 2006; 79(3): 240-246.
Marinho R, Ropelle ER, Cintra DE, De
Souza CT, Da Silva AS, Bertoli FC, et al.
Endurance exercise training increases APPL1
expression and improves insulin signaling in
the hepatic tissue of diet- induced obese
mice, independently of weight loss. J Cell
Physiol 2012; 227(7): 2917-2926.

1400 caingassyl « 196 sylaids @8y g ;W 8)93

ohiils (b eole al5RSD alas 122


http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

ul]lEnﬂag uﬂp‘uluﬁ% lu':]:n:l.n

44,

45.

46.

47.

48.

49.

50.

Ropelle ER, Pauli JR, Cintra DE, Frederico
MJ, de Pinho RA, Velloso LA, De Souza CT.
Acute exercise modulates the Foxol/PGC-
lalpha pathway in the liver of diet-induced
obesity rats. J Physiol 2009; 587 (Pt 9): 2069-
2076.

Boden G, Chen X, Stein TP. Gluconeogenesis
in moderately and severely hyperglycemic
patients with type 2 diabetes mellitus. Am J
Physiol Endocrinol Metab 2001; 280(1):
E23-30.

de Moura LP, Souza Pauli LS, Cintra DE, de
Souza CT, da Silva ASR, Marinho R, et al.
Acute exercise decreases PTP-1B protein
level and improves insulin signaling in the
liver of old rats. Immun Ageing 2013; 10(1): 8.
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 (HIT) in Type 2 Diabetes Rats.
JSSU 2017; 24(12): 981-993.

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. Knowledge & Health 2016;
11(3): 40-48.

Khajehlandi A, Abednatanzi 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(120): 39-47 (Persian).

Yeylaghi Ashrafi MR, Abednatanzi H,
Ghazalian F. The effect of eight weeks of
high intensity interval training and n-

chromosomal royal jelly on G6Pase gene

51

52.

53.

54.

55.

56.

57.

58.

expression in hepatocytes, glucose levels and
insulin resistance in type 2 diabetic rats.
RJIMS 2020; 27(8): 135-150 (Persian).

Kocot J, Kielczykowska 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; 2018: 7074209.

Testa R, Bonfigli AR, Genovese S, De Nigris
V, Ceriello A. The Possible Role of
Flavonoids in the Prevention of Diabetic
Complications. Nutrients 2016; 8(5): 310.
Coskun O, Kanter M, Korkmaz A, Oter S.
Quercetin, a flavonoid antioxidant, prevents
and protects streptozotocin-induced oxidative
stress and [-cell damage in rat pancreas.
Pharmacol Res 2005; 51(2): 117-123.

Rauter AP, Martins A, Borges C, Mota-
Filipe H, Pinto R, Sepodes B, Justino J.
Antihyperglycaemic and protective effects of
flavonoids on streptozotocin—induced diabetic
rats. Phytother Res 2010; 24(S2): S133-138.
de Sousa E, Zanatta L, Seifriz I, Creczynski-
Pasa TB, Pizzolatti MG, Szpoganicz B,
Silva FR. Hypoglycemic Effect and
Antioxidant Potential of Kaempferol-3, 7-O-
(a)-dirhamnoside from Bauhinia f orficata
Leaves. J Nat Prod 2004; 67(5): 829-832.
Nagai T, Inoue R, Suzuki N, Nagashima
T. Antioxidant properties of enzymatic
hydrolysates from royal jelly. J Med Food
2006; 9(3): 363-367.

Amirshahi T, Nejati V, Najafi G.
Biochemical and Histological Evaluation of
Protective Effect of Royal Jelly on
Pancreasinduced Oxidative Stress in Male
Rat Pancreas. J Mazandaran Univ Med Sci
2013; 23(107): 107-115 (Persian).
Afkhami-Ardekani M, ShojaoddinyArdekani

A. Effect of vitamin C on blood glucose,

123 1400 caigasy < 196 syladds (@5 § ¢ 3)9s

ohaijle Ak} eole slEihsl alas


http://jmums.mazums.ac.ir/article-1-16088-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-11 ]

Jko) Jj eypas jl guy PEPCK o oly cshnes

59.

serum lipids & serum insulin in type 2
diabetes patients. Indian J Med Res 2007,
126(5): 471-474.

Dakhale GN, Chaudhari HV, Shrivastava M.
Supplementation of vitamin C reduces blood
glucose and improves glycosylated hemoglobin

in type 2 diabetes mellitus: a randomized,

60.

double-blind study. Adv Pharmacol Sci
2011; 2011: 195271.

Xiang X, Liu Y, Zhang X, Zhang W, Wang
Z. Effects of biotin on blood glucose
regulation in type 2 diabetes rat model.
Journal of Hygiene Research 2015; 44(2):
185-189.

1400 cafigas)) « 196 s)lodds 053 § W 3)9s

ohaijle aib)y eolc slEhsl alas 124


http://jmums.mazums.ac.ir/article-1-16088-fa.html
http://www.tcpdf.org

