Journal of North Khorasan University of Medical Sciences St bl 5 (S ghe oSl alone
Spring 2012;4(1):21-33 YA (DFAYY Sl

cihaghy AlEs

39087 Slan a2 Ol e 3 o 59k D1 1
0191399 9 SwowadS g 419,31 Sled

" s doitiio | ey lis 00l ool gl LS argo < il L

Ol e e (S pole olK2ils (55l i0d 09,5 Jlotinl
Ol e e Sy pole olSails (55l 5e 09,5 bl
Ol ot cgtin (S sl olSasls (g5l b ) uli lsT
Al e colaen Sy psle oliils  Sip (emiils’
Oyl edgten e (S pole olitils o Sy 00Siils 1 ghummd 0dians 9
hajzadehmr@mums.ac.ir : s =Sl o
AR TATAN - SYR VIR L SR TAVAT R W IR L S YA R VAT e PW-T'

o
el 5,05k 0139 30 O sl i b 5 Eap5 AT S oo Glie 0 S b o pute sopi (Kol ol iSAL g Ao
o opna B oS slog s alos Sl oyl 10 5 sl T o Colbo laydyo ooliza 3,50  STy35 (slog I 4z 51 penpite

85 8 sy 3y90 T 0L 5 )0l ol 4 M (Slgiy SR Sl o eapgito il sanllle ul )5 055

b ol o it T 5 (romelt) s Lyl g ollos 225 03,50 15 ity Sl oole slel, 515 s 3 Olpo
FHL 50 lisy G5 L Il oo tlie ol elill 128,57 1,8 anlllae 050 e ypito 1o+ 5 17+ MOIKG (slojso
L )yl pmiy sy jl Gl S50 g0 0 MAIKG g L 05 2ss g (aSgpte G055 o Jeio 0 5 FOIKG oo b Ky cno
Eras ol olyan (ST)53 &ypo b o ypitaKe 5 1F-MAKY Wlis, (00,0 D sy 1 22 (slgos S s plov (5,0,b 0,50 L
Sy Vo518 8 io slajs, 0 ol p s ADL Jptads s LDL g 2dS ol g pteedS s pondS (65 e - hidga il p0
A S ojlu] el N F Leili G T ey Mo S ey T 510 (slojs, 0 GB)iei 0 5

050 o Comd SeoclS i 0, L) )0 pre 58 Slie O piinn (sTa ko 5 St U 5 5 ] e o 45
L slgsy 0 e LDL oy lS 5 ol gyl sty pascclS (655 ppoliiso (P +/0) bl ialidl ()15 (—ino yokor )5
ol sely 5loa iy Gl THDL. s ol iy il o 3t S 3,8 4y o 07 5 Sl
5 Obole o LDL oyt S 5 oL gyl sty palS 65 polio F« + 5 15+ MAIKG (slajo 10 sypito b Somenl e
W5 )l o Syeds ol 4] 4570l 381 [ HDL g pieodS” o 5 G200 (e 5l 0 28 05,5 0 e [y G050
Omapsiio b Glopo 5 ool Gl o ) I)b cobo b GLL L6 oo SeanedTrns 1)L &) Jho s, (oo JBG i8S ameld
Sl bl G935 )0l ol 4 Mo Siobe (Sl 48l g 5 Sk KB Slojo

i sl 2 s meppiio i) )L Cobo il 518 05l

doddo
45 S o bl el 4 Cunglie (gl giSTE (i 2 DL 655, b (GDMY g la )k 51 b s
A Gyl il e dgete i BT aale aw o B 0ok oyl Sl & 09 oo e SIS s
@ Sl SOy @ )l pole axxlie (gl o oo Sldgayse g Cax (sl b (b sles 590 s o)L
x5 Ju g Wb Vb sl oyme o sl @il 008
U 5 0wl shs oy j0 slo W 50 6, 80L,8 2g 1. Gestational Diabetes Mellitus



OLes 5 Sy L

w0 S o Olgs g ey site Ol JIYY

oo clale 10+ sgam 0 Bb o et ye o) cdale
Slalllas o9 (5 yin Slalllas canl p3Y 10 VY] el
Sk Olisd 5o Cmeysiie Srae SIS 00 50 Slse
sl g Llyy b 9,8 Spge iz g ol cdle
5l il cpl jo ogh asbis ol ol 51 6 i
Ol 2 Groygiia Pl (ouyp (225 sl ol ploxl
sl Iolg5 9 SooaadS im0 3L Sles ) 095 Sl
aS peyiio b yloyo Wl el Wgi 5l L ole S
Cowl JFanlig: GDM w M b5 sl o1 5 ool
Ples s 3 el 4 Ced g ange
Sl s o5 s g Sl b o3l s 1, ol
Sl o 1y 03 ollx o] jo wilgn cusly salgss
Py oV K PR 1 SN RO PR PR
OB b
@9 OKG 590 b SLig pmn 33915 51 ol Wl e
Slpl e 4 a9) gidan Sspe Buy ol JW
i o Gulgedl 4 Cueglie slml 5 (sl 05
599 L (935 (o0 65 Vs Do sl (ol e
@ b lan Yoy mee A Cugi g0 40 ailys, YM/kg
ool cgx [VEVE] ws eolanal Blis S5l g0
Olge Vo Gl e aib i) o eialS s s
el YoV Jolgh & s 5 0 508 08l ol
O9FIn (oS 9yhe 5 Sigipee SlS &y 5l aw
p3 5l g old So o5 b Sl 95 a8 (e
s 65 03Il S o8 gl oolil L g lon>
oole slosy « gz andllas pl o oolatul 550 Dbl
30 a5 09y 8,5 Ve oV o0 550000 b Ly o5 5l
oile 4> 0 YOEY Colhae &l ax 0 5 o st
W) G A ) OB;A L k_géLa; Y =]
) Soladt 655 ep 45 AN=V) Wl JAS 5,5 O
e 59y Ol & bk b, HNFY) @b 6g)S (Y
@ ol Jlop )L Y alyg) w05l 0595 0L B sl

2l Ggw 4y Wlgs oo (g 0L 5l ey aian YE-YA Lo
Yo cobs Gl Slilgs 4 Slal> cubs gaat )]
a3l S oy 3 a5 GUj g cl (BN )
Cales @ Dl o yne 53 g ok & aed T g5 b
2l Gl jo 5 L yeaS e [Y] wls 8 Sl
5 il ST jlas Shl> cobs 4y bdwe slass
o ool gl gl len S a4 Slely O s
O a8l oher el a8l J1ol38l moly jobs 4y Wigd
3 005 om0 8 Sl g s RIB! g a8, VL lesl
Shelo 2ol a0 [¥] ol il 4 55 6y5k e
slo Shol> 1YY= TAN lye 4 alire slo S jo
[f] el oo 3,155 VLo

S)lee ol a@ylo,b cobs sbul sla eSS,
Olaass myaiw wlB e LB ileiel (gy9,L (Sl
sl (Sl> 0 )byl cobs able Ss (b
s PS5 (LS pg39,5L slygs rals able (LS
e s ax STV aal o Sl 5l L3 03 Jeos
Jozd cas lasly 51 G esylo,lb cobs @ M o jobe
an sl o bl Ll JA] 0gd oo a3
TNO-F+ a4 jehay ail o ¥ g8 ol & Dol dis
S plely 5l e Jle 0-10 alols & GDM L L5
om Jbo YY-YA dold o Sl cobs 4 s
V] wasy E95 Cabis 4 s lasls

Sl e cubs ae) jo Slllas 5 bl jo
3 (5 Jro (Shg> g5 a8 esials slaglo L
40 dgdxe Lu.w., Slaws 10 g 0aiS Ty Gjygo A ao giie g
Sae oligS o as cnl euls pll S5 o.)..t.i] Sllas
P =9 ool UL.M; b.il.al} J}aza » |) o u_:‘)."
3o lylS e ygiie sl Al j5 ole Coje (69,050
GRIED Gl 4 Caglie alS o 9l
4 Coaglie Sl )3 o%g 4 (elgil 4 (28U Conles
S8 W] el sls ol ¥ ogg cubo o gl
Sl eansSlaanel o)lse 5 3l Sldle slo gl
Cawl 0als (5,155 (6,00,L cobis )lae 10 yaejgaie &l 3
Olasl 33 5 A5 (oo jgee Sz | e ygiie [YVY]



YY) Faray Sl

Jas oLl (S ke oKl aloes

Syl (65 e s o Lt ) loged a5 slailen
e Dl a3l yao 59, 50 calisee slemg,S oy
O SIS (s Dol 5 gyl L D g, yo cllad gl
i oanlie Gl slygog S oy ,uS o5 clale
Ay S S5 09,510 595 oy S (g5 dale
QL.W.J 6)& ‘é_.um db‘ 4._:; G»Jb f°“"" 05; \& )3)
09,5 VO g, p w0 S (g5 hale Sla
Ol 4 5 09,5 V0 55 4 o SeondlS 0
clale g og0 o s gl ol el sy yl58l V0
L anslie ;0 Vo) (0225 sleog)S )0 prw b peelS 5
FalS LYY E e 0 b 5 4 (commndS 1 098
S ahale g o e 3 ralS ol Ll el
Dolds ke slamy S e ;0 Ve s e N peelS
enld gyl g

slody Alisee Glowg S 50 o ol Jgyunds clale (o
QS Slen 15,0, Yo g VO b o slojs, 4o Loyl
3 pye p JgndS cdale 09 o0 0dlin ¥ )loges o
G (S gl Gt Slews S o )3 e g,
09; L ﬁl.s Js).w.ls clale O 39y o FORIRY
IYY Ol U555 098 b aalie )0 (gondS e
leps,S 50 9950 o e alial pl Ll el
cdale ‘kS“'“""lf)"*b 05; Lu AMLQ.A ) Ys\ &
o G215l Lol 28y alS i ke o505 s
310 slojg,y ) ey ol Jo s Sbale 89l e
ol gyl g glay Calises (gloiog Iy o Ve

i lizes sLgng S50 pys LDL Jgyiuls colile (z
il Ve g V0 B as slajs) 5o s, sl
JoymdS clale s o (lid ¥ jloges a5 jshiles
gl bt gle 05,5 i )3 2o 59, p e LDL
LDL Jspuds clale o 35, y0 .cdlad o)l —xe
o J S 09,5 L aslie )5 (oS o 095
Sy s oire ialydl ol Lol dly Gl TEY e
2 V) 2 sleps S e LDL Jg s e lile
T YA RSP ORUV 1 VSN L SUOV-I Y g AW -9
VO g, 50 g o gxe 3 alS pl a5 cal als
ol Hlad ol Bl 70T e 4 558 09,5 b aunlin

S LGl hor> L Slio Bl ©)9e
53gad E3b 3 (9 5fe (oS 9y 9 Sudgh et
sldy N=V) (oomalS ) (Hbs S35 095 (¥
S5 e S5 LY by, (Kbl iy 55, 51 Ik
obb b (Blae J2ls &g 4 (g fdon (S 900 g
ioged b, (g4l l 090

R S 095 wiles (NZV) ) (02w 098 (Y
ol b (Sel> 8 55, plos 51T 2 odle 5 0nds o
Dyge & (eeysiie VP M/kg/day sl 090
[YaY] woges il o (Bras Ol Lol e ST)95
et V(225 09,5 ailen ((NZ1Y) Y ()25 05,5 (O
Sk o9 bl B Shl> B 55, 5l g ead
L olyon (ST)95 00 4 (pajsiie Yo - Mg/kg/day
IVa-1Y] woges il ys (byas O

910 B (&, 51 JB) sho 9, 50 epgS eled jo
el dos @ (5 Ng5 iz sy aSed 5l (Sl Y-
53 Alie sl S bl izl 09> wges jslainen
Ggad iy od 5yl oz Wi 5l e Yo 510 lajs,
Voo poo baido Ve e @y o ile b (S95 lo
S ol loy U pyus slo diges g ol la adds jo
JseedS 9 LDL Jg 7S il JopndS oy puclS” (5
b oz polie 0l (,laqSS az )0 -V 5% 0 HDL
ol 5 (3051 ks S555) sy SleS S eolici
s osls .o 5 ojlasl (Convergys 100) jegzd
Sheolawl by w08 lo Mean = SEM & jsa
¥ Sl ced s by T (zsy 5 sldses!
10285 8 el g 4525 9,00 SPSS I8l e 5 )0
A ad)S las ls (e e g P

o axsly

OLi ) Jguz ;0 o5 45950len s ol e Joko 0l
Jy=sS 09,5 dw ;o 50 (e w8l (sl ol oals
o celbw ¥ Job 10 Vo 9 ) (25 (mbes
3 09395 S )00 § S et S9N 555
ol a8l gl pme Gl yao celu b as s
P10k Sk e o laeadion (o 2

liSie (Sl )50 prw S yanlS (55 cale (Al
(I Vo) 0 b io sl 5o s, sl



OLen 5 Sy L 0 S o Olgen sy siza I STV

5 am el ¥ gVe) Jols 10 5 (9 5dsn (oS30 5 St 35515 3,5 5 8 lebs o MM 95 08 oliee ) Jor
axdllas 5,50 Hlo,l lilgus 5l 09,8 ¥ o QT By
(mo/dl) g5 i3 clale

(Ve o ygie)V (025 OF e p9iia)) (2,28 J=s 09,5
(oS o) b obe;
\WA/F £ /- FA ARAEAAE V1Y/E £ £/aA (G5 5| ) yio el
IZAEA %A VP8 £ SN YO £ Jol el
VEY/Y £y WYV 80T VEVIV £ F/AQT pgo ceelu
Ve YAYE \YO/Y £ Y/AST W oy PfT o eelos

F

=Y 509,85 1 50 Gy 5 8 ladie b awlie j0 " p<e/o) ¥ p<+/+0 ) el Paired —Samples T-test i, a0 5 kel (oo,  MEANESEM & )50 4y b o0l jioled

200 - @ Control
180 - B Sham
S 160 - Bhyperglycemia
> B160Met
E 1‘2‘8 T m300Met
= |
§ 100 | i é.;
S 80 - i h
(=) II III III II
£ 60 1 § it i g
5 40 - : H # ;
8 20 - ¥ i i '
0 i 1 L} [ 1, |
Oday 5day 15day 20day

SEM & 50 a5 b ools islad (6,l0,L Y 510 i a0 slose, 10 calise (slgng S jlo L ol jole o oy pudS (55 cdale auslio 1) jloged
05 N=Y ooy )5 5l S 2 40 5 o plosil TUKRY bins coi g ONE-WAY ANOVA s, a5 55kel o, 2 5 Means



YO (DF QY g St bl 5 (S psle oSl alone

160 @ Control

%140 @ Sham
> B8 hyperglycemia
£ 120 b B160Met
% 100 g O 300Met
< 80 ;
5 60 2
g 2
o 40 ﬁ
€ 20 Z
2 %
n 0

Oday 5day 15day 20day

Q)yodqlmao‘o L}"‘"L‘” ‘_g)L))LgY’j ATARA ‘).u 6&}3))0M6w$;)‘o)lg Q‘)QLQ Py [ul.: szulalswuﬁ:v )‘é,.o.i
33 NZY o 09,5 51 S5 ;2 50 g 0b plosl TukeY  odies <5 g ONe-way ANOVA iy, 4 5,bl o), 9 MeantSEM

@ Control

70
. @ Sham
2 60 _
g’ B8 hyperglycemi
= a
5 50
P
D 40
(@]
<
o
1 30
[a)
-
T T
) 1 ' 1 ! 1
? 10 ! i

O 1 ' 1 ' 1
Oday 5day 15day 20day

Sygo a4 b oools yislailo )l Yo g V0 O ro sbog, jo Gt lewg,S o)L ool pyw LDL Jgmnds clale oV 4lo 900
29 NZY o og,S 51 S5 2 40 5 ab plosl TUKEY  obes s g ONE-way ANOVA g, 4 5 )bl (o) g MeanSEM



OLes 5 Sy L

w05 S g Ole p e e Sl 1 YF

095 Ololiss Lo amaylie ;5 ¥ 5 ) (pa slaws S
el galSAYY 518 e 4 P 4 cemndS o
JoyimadsS cdale (Coogs o e 3 b rals ol Ll
Ves 10 lajs) po alides slgpg)S lolje o ol
S5 s oadliio & Jlogai ;0 a5 deSilen gy 5l
53 itz Glowg S plolig i o JondS cale (o
3929 8 (e Dyldi 0y Sl ey Y0910 slajs)
3 aS jehiles :algi 3l s Yo g VO oy, o alisee
cbale adgi 5l e VO gy 50 05 o 0 ¥ logal
5 so—eelS e 09,5 Golies o LDL JgdS
Obs GRIBITYY Oliee 40 J S 05,5 Gl b anlie
5O Opmized g Ll e Gl 3l ola s> STols
pro LDL Jgyods cdale o) o2 slers S ololie
e A (ool e 09,8 ol b e o
S S i el ol Ll cdl ialS EY s LEY e
LDL Jgyds clale o cdfgs 51 o Yo 55, 50 090
odnlice (5,ld gme Oglas kit slyng S loliel o e
slerg S loljss pyw HDL Jgds” cdale (o .ais
a5 asgSilen tadgy 5l e Y g VO (slayg, ,o Calizes
38 5l V0 5 58 (oS e 09,5 81555
S8l el IYA Gl 4y J50S 09,5 oliei b aylie
HDL g puls’ clale 050 )l0 me 2alS () Ll
095 L dmlie j0V5) (y25 sl S (loljgi oy
sk 4 g LYAG TAY (e 4 S 5 A (oS o
o= Yo 5ey 50 (P 0) el ili8l gyl S
TVE e dn =S 09,5 b duslie 10 comndS o
Slelies j9 0sd o me ralS ol Ll cdl als
l_g MLD.O 3O P HDL Jsf....lf cdale 5\@).70 05;
Lol ol il 381 2YF e 4 comdS 52 09,5 o565
HDL Jgpds colale Lol g jlo sme (al58l ol
09,5 L dmglie jo ¥ (2 09,5 Glolie 50
oIl ol (Gxe jslo 9 LT Gl 4 (gonnlS em
(p</-0)sls olas

LDL Jgyuds cilale g jlo (me (i3l ol Lol
A ooelS e 095 b aslie 10 ) (0225 09,5 )3 oy
Bgd 0 gy ralS pl bl cdl palS S sk
05)__?)0 O y— LDL JSHJSU_E.LCGY‘ )'5))0
clale g o s o me il 8l ol Lal a5l
alie )0 Vo) 0225 Sles,S 5o o LDL Jg s
Ol GalS TOA 578 i p 4 (comndS 5 09,5 L
B9 e g i el cpl Ll sls

il Ve 9 V0 B io sbajg, 5o s, sl
clale 09_...4 W ool i ¥ )‘\)9_9.5 B as 4_19§JL<;.Q
Ot S0,k sae slagsy s p e HDL Jg s
VO jgy 5o isladi gl sure Cglas alize sl 09,5
05).__? )O £ y— HDL Jj}a—‘A‘H u_]a.l.c ‘(SJLB)L__..!
chale sg s o e ralSs cpl Lol ol lis melS
aalis ;5 Vo) (025 Loy ,S 5o o HDL Jgpls
39 D5l e 3 L gals ol Ll cdl als
0355 3 py—s DL Jsyuds o bild (g )lo)L Ve 55,
TEY Gl an J,mS 09,5 b anglin 10 somndS o
i A (cemedS o 09,5 b aslie ;0 o HDL
3 Sl ol el ols las ol81 /Y /YA ol
D IS Sxe

65 wle (@l ol oy (o boriign (o)
V0 slajsy po adide slawg S ligs oy juclS
3 somelS e 09,5 ol oy S (65 il
am odgs 5l e 10 59, 58 S8 09,5 e b anlie
V7S slersS g 5o g Sl SRlBEITYA (e
Ol 4 gommndS i 09,5 (loljo b anlie 10 ¥ g
D e Sl ol Lol ols las zalS /Y 4 7YY
Ol b dulio ;o Wgi 5l Yo 55 )0 (somndS e
oimalidl ol Lol cdl ol 8L FY e a0 ¢ J 508 09,5



St bl 5 (S psle oSl alone

W) FAY

Control

M Sham

70

>
€
[0]
o
T
[o14]
g 23
S o o
23 e
B O O3

PR Y

DN

o O o o o o
© 1 I O N @«

(Ip/3w) |oJ33s9|0Yd 1QH WNJBS

AN

o

5day 15day 20day

Oday

‘)QL:’ £y HDL J”M..lf clale Zf)‘és.o.;

Lo

o slog,,0 alise by S )l

Y g S 51 G yo 50 g ol plsl TUKEY odsi s g ONE-way ANOVA i,

3

Gl ools uled glo,L Y910 O

92

@ )kl o, 9 MeantSEM

O n

B Control

200
180
160

@ hyperglycemia

0160Met

B 300Met

o
=3
—

(Ip/Bw) apua2A|61] wnias

o
N
—

—

30day

15day

S 55 Sl 0 305

oligh e 2

SO

310 slajy) yo it sleas
0 Loy, 51 S 0 50 g o ploil TUKEY dias s g ONe-way ANOVA s,

SEM & 590 4 o ools roled ogs 5 e Y-

+

@ 6 bl (ow,p s Mean

')yn



Sl 51 YA

BT

8o

O S

ES)

OLes 5 Sl

140

B Control

B hyperglycemia

@160Met
B 300Met

(=]
N
i

o
o
—

80
60
40

(iniAnN 1In1meainna niniac

30day

15day

i )‘o),.o.;

5 JalS il

DF P P

]

slers S o

9 VO 6Lﬁ)5) )Ogé.t;‘;oo

.

o ¥

Shaled g 5
o bl Tuke

s Meant SEM & ,50 4 o sols

L n_S)L"T e or

o9

one-way ANOVA

Yy

2209

O Ly 5l S

Oyn

= ®©
€
[}
o
. S
c O o
s o =
S £ 3
O & 4+
B ®H 0O
—
T
[y
%
[y
o o o o o o o o o
[e6] N~ © wn < ™ N -

(Ip/Bw ) [o12388j0YD QT WNIBS

30day

15day

V)‘és.o.;

LDL g s il :

o Slers S ol p e
one-way ANOVA

910 slajg, yo

=l Tuke

v

Los WJgv 5
29

Y

s Meant SEM & 50 4 b ools

4 6 bl (g

o9y

ned g

Yy

Al e

=0 Loy S 5l

éﬁn



Y4 (M)F vy Sl

St bl 5 (S psle oSl alone

60 -

40 -

30 -

4l
BEE S

i,

]

S
2

i

et
o

52

b

¥
i

b

b

52

o

b

b
o

£
ke
b

b

et
b

f
o

b
b
b

o
e
i
e
Y

b
o

b
o

b
b

b
b

o

s

s

£
£
£
R

b
b
b
et

10 -

Serum HDL choles terol (mg/dl)

hphphpng
i

15day
g Meant SEM &y a5 o ools yigled Wi 51 s Yo g VO (slajg, o calizee (slgg S lol5e o HDL g mdS clale A jlogas
P 120 0 N=0 Log 5 51 o 4o 0 g o0 plosl TuKeY bies s 5 0ne-way ANOVA i) 0 g5kl o) o

o 4aB VYo g PeVe am sleile) 0 9 00,5 sl
G odSm 095 0 93 SIS clile (&5
o3ll AYYE/EY o VOVEY. YAPIEY NYRIYS Sy
Sipgh bt ol e 5o b le asl [VF] ws 5,8
Sigiped S9l5 3,5 L 45 weo (e LS Bie
Sl o 1) 09 4B v Sae ol 5b 4 Gl e
O dawgi a5 (6,550 egh yo ol molisl gl
o) ozl Sl awslis” lore cow ATl s &R
oS e SO) IBMX 4 (PDE bl oosS Lo
9o 0> 09> 33 5 el i (PDE gl 8
;515 Yj fj A g/kg 399 Y ‘us)f ‘al:;u‘ "6)9.»;
Oliee 5 98 @y Slhe P Qs 4 Seigi e
G5 ojlail aaBa Qe o £V loy dw y0 (e OB
b 4l b i pol> egn o Lo slo atdh s S
21 eyl OlF o0 9 Sl Siales ol en g (o
Sgei A g0k by ln Jsd LB Joe i,

1]
LDL JspdS 5 ol Joyods clile jol> iagh 5o
S ()01 (b 50 SeronclS e 05k Sl o
Jormds clale 5 fall Sy lade & JyuS 05,5 &
O Sy Ol ool aw, oo Ll .l els HDL
PSS o 42 5 (o53 aB g 5 ol e
ols s gl aoran all &) o g5l ofye0

aControl
Bhyperglycemia
Q@ 160Met
3 m300Met

30day

Sl EF b el il I S ol aslllas mls
28 il s, @ o lsn (Ssyte 9 Seig e
Al Gl BF il o sl 4w b s 53
eSoye 9 S b 9o Ay, GyF L Jee ol
Fh dgam 3 1) o)k &) g3 a8 Wilg oo (95w
by a5l Vb 5 (oonnlS pom mhaw )3 59, 50 el
NI - K ERN PR UOU g ESP USRI

a8 @ azgl pogdle (5)lo)l Cubs (ahd aiS (ol
Olel (asis 3 L SO plpie 4 Ll e
el OGTT 35, L (6,5 ojlasl 335 jsbo 40 ' GCT
;5 PSG 5 "TAOD Liwgs a5 (5l aslllae ;o 095 oo
&l OGTT wliwl gl b5 bl Yo)o Lo
S o5 VO o5 5l cels S GDM
S5 2,5 VO 0,55 5l e Celw Yo 2YMg/dl
[v-] s Jaseiw YO -mg/dl

Olsre LAA Jlo 5o sonite ale lawgs a5 cimghy )
Ll S s e Sl el Gl )
3 Jels ol 5l 686 endy &5 s qulSene
b o Sl 30 (ol yme (285 ol M)
Slao J3s &j90 4 Sigi e SIS Y 9IKG 5,5

1. Glucose Challenge Test

2. Oral glucose tolerance test

3. International Association of Diabetes
4. Pregnancy Study Groups



OLes 5 Sy L

w05 S g Oljee p e sie Sl SITS

3 JpielS alar 55 tlimntiym sl e
5 Sl (cmlin Joo Do oligS o ol 51 LA6 WS
5GDM (s s sl Sldllas o 1) Joo ol Ol (oo

D8 4 Gladl o)lge 4 meess 5o 1 B)lse
g3 55 b (ol o cadlllas ol b oo
S o el 65 (52 GRIPl czge 050
59 99 Lo 5 Gmepaiie Bpan g 03,5 J S 095 &
0k phebe & S (6 5 285 0 (S5 Sl (Bran
9,500, glhole j0 s somnedS e Yl clils
aS il sl oses LYo &y o s)l5b s 2LsS

i i gy S yelS (55 s sl
b, GIliss s 53 s o el (655 (e
Al (658 o3lail algi 31 s Yo 910 g, 90 y0 aS Calize
3 doe— Gl eplplas o ilas gyl e gy
5 0305 sl 55 52 51 53 00 (s e
S5 epgite LS pace 500 By b jlg s jlas
Sl ol 050 g 900 (oo Bl T, o5 s g pulS
S Bl Ghole 55 6)Io,l 0,99 55 (e y5iie g5 &S
 acale S 4ol Lol ol 5l 55 o
o lg (oo Gmeygiie 10T L Eil 00 )5l 0929 4 W
9 S elS (55 50 Slyts sbml asass ey (o)
GDM L il sl ol 55 055 aslesisz
5 JordS i ol )3 Slpnss an 51558 8 pan
sl (g Sl e LIS ld 5 59 0 S (65
S s e Wl ((re ot s prat Lo
L ohes ;0 S 03,5 2 lse 5l (B py (Sl
32 == 9 O Glp sl g G g 50l
S92 1) (SWie 5 OIS 0358 6l Sloz> ]
355 0as ] O ygo d adE (o S (gl dsllas o .04
GDM as D 165 e plowil T )5 5 (53], awsss
099 3 edaml e yoiie L leyo St 09 5 Y 5o
9 Oeergiie 09,5 G (liS Lo Bl s )15 pleys
s 5 g5 loj ol 59 bawgte Slai 5l K08 09,5 90
65 b a5 (ol anlllae ;o [YF] ol L cogss,She
L lee coms 1380 Jlaw o oL Sen 5 959,8

3. Ravi
4 DeFronzo Ralf et al

Ly > e LDL Joods 5 ols Jgpnds” il
095 A Cod (o y3—itle Ly (yloeyo S oL
5 LS )l (e 2 9 (G2 sk 4 cemlS e
aslae jo .8l ol glo,L Ve 59, o HDL clale
695 = Vo 00 Jlw o " o )LSan 5 923y, Lamsgs o5 ol
FaS SeinS b laesd p o 4 M Slo,l 5 YO
@l S35 plonl asog fmeyeiie b pleys Cod obe
| e HDL gl mhass (nj 5o o5 0l LS
s e S pedlS (65 9 26 JorlS a9 Gl
Sy RLS ozge g 0ls alS )l (e j5b @
IrY] asf 5 ol slan o

il ol sy addlhas (pl o aSol iy az g b ggeme )
o ol (S SemnndS rm )L Sles ) 5o Jo S
oSsS g By Ll lal b (ol o aS )y e s
G Sl s 6l e Jole oI,k o0 A ke
Sy Gl wzge a5 o SRl g Lewdly S elS
O ygie 925 ol (ood 305 (Bgye (S sl Lo
@ (529 3, LDl JgdS (e p (o9 S5
225 oo (Rl T s sk

Ol Olyuss a5 0ls LS pioran pol> axlllas gl
beisy )0 SeomnedS pon Glpobe Gl o Joyuals
3leacd eoly loljet L auslae jo adgi 5l o Ve g)O
o 45 05 (gl alimde LB gl S 05,5 oo
Ol 50 45 o (oomlS e 13U e 5l (AL Wl
Oy il oasl 0929 4 Glilgs jo dslllas Jow
ey ' STelS Lags a5 (gl anlllae o 5l g nds
b 945 ) VTl s e B8 plasl Ve ) Jlow o
Y STt 5 5 00,8 (oo B ymain (0 jie (510,10
Wgte ol ,0le (ali (g g (rb 00) W PY (i
o5 JaidS olse 5 DS s g
p s el 65 5 LDL Jg s HDL - J s
20 Lo sl asly [YY] cuslas sgmg sl ylolses o o)l pole
i g Sl die (nl bl wige b pol> ey
or Sl SeelS p )L ) Jae a5 ) (o0

1. Rautio
2. Glueck



() FAYY Sl

Jas oLl (S ke oKl aloes

u&awl)oomgbglwﬁﬂlfﬁ&\qujb
5 o obml Ol sl a5 e SO
g Sl (S g adllas 950 olesdan slo,eS
Sl il gl 5o (B3 SRl i e ysite b oy
S35l o ;3 1) Sless eSOl Sl g 008
Eaozma ;0 Cuwl aBlS ol jagy loligl jo cwyp D50
JB oo S8 i o)k & oo vy (o0 Shan
Logley g cal oLl 5o sl ks b sl
Olsle slp asjle g9t g ondy BB (Gloyd (e ysiie
el Ll plolsg8 g (el oo 2 D
NPT

Cdglae 5l 055 Gilo 08 5 Sid Lol e Alae Bac s
Cuz A Sede Sy pgle olKadls Saagh e
Ayl s el Lol agh Jbo coles

Ol am aily e cobo b liless 5o e jaiie
Sz (7 gl 09,5 L alite ;o (2o & (e 5
O 9o Ly dliie ;0 wlyer (L5 5 (e ysiie b (oo
Obi gl ad osliinl oles 4 wlhe 55 2les &
Oweypiie a5 Shlaw jo Slays SS9 50 2,5 a5 ol
5 00 JormdlS whw (sl (Sre job 4 855 S jan
ools (i pizman L il ljles g peS (6
Gy Pg—a d O3 Sltwyz il 4 0l
Sgste (o y9iin 2955 b (6,05 ol jo ety pundS
. Nz e - A
S5 gl yd (RalS 5379565 5 (b asllas 5.3l
aS ol adlllae ,o [YV-YB] o sols s & S
map )5 Aol Ve oY Lo 18 Ke 5 STglS Ly
95 Ol o SaiedST (655 (im0 jo (S 56T
4S5 (6,550 asllas 8 [YA] el S99 Ll yloles
eyt Sl 09 50 a8 SeitnS (L Gl
3hge Oyl gas g wd plodl Ws ST o0 B ran
aS asllas ool 10 000 5 cvaliv iz p e giie
g9 ) meyeiie Ly oo (yleys (b olysle ol
9 9 B y3e 40 Wad dallas Sale VA U Wy
St elaiz| claylis, o 5 o Jlael o JolSS
bawgs a5 (6,508 adllas o [YA] wolws olas 1, ISz
* 3 - Y
5 =Lk repsite S gy v Do 9 099,
stolai job 4y (65lo )L ol 4 M ¢y YO s 12
e pgiie Syan L g gl B ae Lo S g0 0
0355 55 i 50 adsl b dalllae Ll 4o i asllas
Ollig= ) (ewlbial (2 )lge eSimen g bl (ol
§ A 00y Wd,S o Bras (s yeiie 45 b lhole
Oleys 0925 51 005 51 (6 it Slaas (rae y9iite 09,5 5o
Aol 0 55 Lo addllas ubs [YA] auils cols) 45
9 Sl (Sl ol loys 53 )8 29 iy JB
SeomnalS 52 3L Sl 50 09 Sy J5S 0

1. Bailey & Dagogo.
2. Rowan



O ans Sy L Do 2 o s A1 Y

References

1. Harrison TR, Principles of Internal Medicine, Tehran, 1991.

2. Cheung NW, The management of gestational diabetes, Vasc Health Risk Manag 2009; 5(1):153-64.

3. Khosh-Niat Niko M, Abaszadeh Ahranjani SH, Larijani B, Prevalence of Gestational Diabetese in Iran,
Iran J Diab Lipid 2008; 8(1):1-10.

4. Zhao J, Weiler HA, Long-term effects of gestational diabetes on offspring health are more pronounced in
skeletal growth than body composition and glucose tolerance, B J Nutr 2010; 104(11):1641-9.

5. Moore TR, Fetal exposure to gestational diabetese contributes to subsequent adult metabolic syndrome,
Am J Obstet Gynecol 2010; 202(6):643-9.

6. Hedderson MM, Ferrara A, High blood pressure before and during early pregnancy is associated with an
increased risk of gestational diabetes mellitus, Diabetes Care 2008;31(12):2362-7.

7. Langer O, Mazze R, The relationship between large-for-gestational age infant and glycemic control in
women with gestational diabetes, Am J Obstet Gynecol 1988; 159(6):1478-83.

8. Hod M, Merlob P, Friedman, S, “et al”, Gestational diabetes mellitus: a survey of perinatal complications
in the 1980s, Diabetes 1991; 40(2):74-8.

9. Ecker JL, Greenberg, JA, Norwitz ER,“et al“, Birth Weight as a predictor of brachial plexus injury, Obstet
Gynecol 1997;89:643-7.

10. Jang H, Cho N, Min Y, Han I, Jung K, Metzger B, Increased macrosomia and perinatal morbidity
independent of maternal obesity and advanced age in Korean women with GDM, Diabetes Care,
1997;20(10):1582-8.

11. Kjos S, Buchanan T, Greenspoon J, Montoro M, Bernstein G, Mestman J, Gestational diabetes mellitus:
the prevalence of glucose intolerance and diabetes mellitus in the first two months post partum, Am J Obstet
Gynecol 1990;163:93-8.

12. Hughes R, Rowan J, Pregnancy in women with Type 2 diabetes: who takes metformin and what is the
outcome ? Diabet Med 2006; 23(3):318-22.

13. Kapoor N, Sankaran S, Hyer S, Shehata H, Diabetes in pregnancy: a review of current evidence, Curr
Opin Obstet Gynecol 2007; 19(6):586-90.

14. Leis D, Bottermann P, Ermler R, Henderkott U, Glick H, The influence of high doses of oral
medroxyprogesterone acetate on glucose tolerance, serum insulin levels and adrenal response to ACTH A
study of 17 patients under treatment for.endometrial cancer, Obstet Gynecol 1980; 230(1):9-13.

15. Spellacy W, McLeod A, Buhi W, Birk S, McCreary S, Medroxyprogesterone acetate and carbohydrate
metabolism: measurement of glucose, insulin, and growth hormone during 6 months' time, Fertil Steril
1970;21(6):457.

16. Moghadami M, Study. of Effect of repeated mild acute hyperglycemia of structure of hippocompus and
PTZ induced seizures inrat, Ferdowsi university of mashhad faculty of Sciences Department of Biology,
September 2009[persian].

17. Verma S, Effect of ‘metformin treatment on isolated cardiac function and blood pressure in diabetic and
hypertensive rats, University of British columbia 1993.

18. Verma S, Bhanot S, McNeill JH, Antihypertensive effects of metformin in fructose-fed
hyperinsulinemic, hypertensive rats, Pharmacol Exp Ther 1994; 271(3):1334-1337.

19. Kim YW, Kim JY, Park YH, Park SY, Won KC, Choi KH, Huh JY, Moon KH Metformin restores leptin
sensitivity in high-fat-fed obese rats with leptin resistance, Diabetes 2006 Mar;55(3) 716-724.

20. The Internattional Association of Diabetese and Pregnancy Study Groups recommendations on the
diagnosis and classification of hyperglycemia in pregnancy, Diabetese care 2010; 33:676-82.

21. Dinni H, Comparing The Effects of Amrinon, Aselective PDE3 inhibitor and IBMX, A non-Selective
PDE inhibitor on Insulin Secretion and plasma glucose concentration in mouse, Mashhad university of
Medical scinces, school of pharmacy 2001.

22. Rautio K,Tapanainen J, Ruokonen A, Morin-Papunen L, Effects of metformin and ethinyl estradiol-
cyproterone acetate on lipid levels in obese and non-obese women with polycystic ovary syndrome, Eur J
Endocrinol 2005;152(2):269-75.

23. Glueck C, Phillips H, Cameron D, Sieve-Smith L, Wang P, Continuing metformin throughout pregnancy
in women with polycystic ovary syndrome appears to safely reduce first-trimester spontaneous abortion: a
pilot study, Fertil Steril. 2001;75(1):46-52.



) F AT Sl St bl 5 (S psle oSl alone

24. Ravi K, Rajasekaran S, Subramanian S, Antihyperlipidemic effect of Eugenia jambolana seed kernel on
streptozotocin-induced diabetes in rats, Food Chem Toxicol 2005; 43(9):1433-9.

25. DeFronzo RA, Goodman AM, Efficacy of metformin in patients with non-insulin-dependent diabetes
mellitus, N Engl J Med 1995;333(9):541-9.

26. Bailey C, Turner RC, Drug therapy: metformin, N Engl J Med 1996;334(9):574-9.

27. Dagogo-Jack S, Santiago JV, Pathophysiology of type 2 diabetes and modes of action of therapeutic
interventions, Arch Intern Med 1997;157(16):1802.

28. Glueck C, Wang P, Kaobayashi S, Phillips H, Sieve-Smith L, Metformin therapy throughout pregnancy
reduces the development of gestational diabetes in women with polycystic ovary syndrome, Fertil Steril
2002;77(3):520-5.

29. Rowan JA, Hague WM, Gao W, Battin MR, Moore MP, Metformin versus insulin for the treatment of
gestational diabetes, N Engl J Med 2008;358(19):2003-15.



Journal of North Khorasan University of Medical Sciences

Original Article

Spring 2012; 4(1):34

The effect of metformin on serum lipid levels in hyperglycemic
pregnant rats and their newborns

Rajaei Z*, Hadjzadeh MR%", Nazari A%, Shams M*
! Assistant Professor of Physiology, Mashhad University of Medical Sciences, Mashhad, Iran.
? Professor of Physiology, Mashhad University of Medical Sciences, Mashhad, Iran.
> M.Sc of Physiology, Mashhad University of Medical Sciences, Mashhad, Iran.
* Student of Medicine, Hamadan University of Medical Sciences, Hamadan, Iran.

*Corresponding Author:
Department  of  Physiology,
School of Medicine, Mashhad
University of Medical Sciences,
Mashhad, Iran.

E-mail: hajzadehmr@mums.ac.ir

Submitted: 2012 Feb 7
Revised: 2012 Apr 3
Accepted: 2012 Apr 5

Abstract o ] ] .
Background & Objectives: Gestational diabetes is an state of glucose

intolerance that is diagnosed during pregnancy. Metformin is a
biguanide oral hypoglycemic agent and is used in treatment of type 2
diabetes mellitus, but its use/in treatment of gestational diabetes has
been controversial. The purpose of the present study was to
investigate the effects of metformin on serum lipid profile in
hyperglycemic pregnant rats and their progenies.

Materials & Methods: Female Wistar rats were randomly divided
into 5 groups: (intact  control, sham, hyperglycemic and 2
experimental groups treated with metformin at doses of 160 and 300
mg/kg. The hyperglycemia was induced by the intraperitoneal
injection. of hypertonic glucose (4g/kg) and medroxyprogesterone
(3mg/kg) twice daily since the 5th day of pregnancy through the end
of the gestational period. Furthermore, experimental groups received
160 and 300 mg/kg metformin in drinking water since 5th day of
gestation through the end of the pregnancy. The maternal blood
samples were taken on days 0, 5, 15 and 20 of pregnancy, while
neonatal samples were collected on postnatal days of 15 and 30.
Biochemical factors (triglyceride, total cholesterol, LDL-cholesterol
and HDL-cholesterol) were measured spectrophotometrically by
routine laboratory techniques.

Results:  Following injection of hypertonic glucose and
medroxyprogesterone, serum glucose levels were significantly
increased in hyperglycemic pregnant rats compared to control.
Serum triglyceride and cholesterol levels in hyperglycemic pregnant
rats and their newborns were partially increased in comparison to
control group. Treatment of hyperglycemic pregnant rats with
metformin at dosages of 160 and 300 mg/kg decreased the lipid levels
in the mothers and their newborns compared to hyperglycemic group,
although the changes were not significant.

Conclusion: Our findings suggest that the hyperglycemic pregnant
rat model is a reliable model for gestational diabetes in human.
Metformin is a safe and effective treatment for rat dams during
gestational diabetes and their progenies. Therefore, it may be
suggested that metformin can be used in treatment of gestational
diabetes in pregnant women.

Keywords: Gestational diabetes, Metformin, Hyperglycemia, Lipid,
Newborns, Rat.



