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Abstract

Background and purpose: Ghrelin, a natural ligand of the growth hormone secretagogue
receptor plays a major role in regulation of appetite, body fat mass, and energy balance in the body. The
aim of this study was to evaluate the effects of maternal diabetes on circulatory ghrelin levels in rat
newborns.

Materials and methods: In this experimental study, female Wistar rats were allocated into
diabetic (n=20) and control (n=10) groups.and mated with males. After parturition, 16 offspring (8 males)
were collected at both postnatal days (P), P7 and P14. The body weight, blood glucose and plasma ghrelin
levels were measured. Data were analyzed applying two-way ANOVA using sex and group as the factors
in SPSS V22.

Results: At both P7 and P14, the body weight of newborns of diabetic mothers (18.49+ 0.42g,
22.27+ 0.43g respectively) were significantly lower (P<0.0001 each) than those of the control group
(22.34+ 0.402g, 30.32+ 1.45g) while there were no significant differences in blood glucose levels
between the two groups. At P7, plasma ghrelin levels showed no significant difference between
experimental and control groups, but at P14, experimental group had markedly higher ghrelin levels than
that of the control group (29.25+ 3.59 pg/ml vs. 14.81+ 2.75 pg/ml; P<0.0001). Moreover, at P14, male
offspring had significantly higher level of ghrelin than female (29.87+ 2.58 pg/ml vs. 22.62+1.68 pg/ml;
P<0.0001).

Conclusion: Current results clearly demonstrate that diabetes during pregnancy can influence
plasma ghrelin levels with male and female offspring responding differently.

Keywords: maternal diabetes, offspring, sexual dimorphism, ghrelin, rat

J Mazandaran Univ Med Sci 2018; 28 (167): 171-176 (Persian).

* Corresponding Author: Mehran Hosseini - Cellular and Molecular Research Center, Birjand University of Medical
Sciences, Birjand, Iran (E-mail: mehranhosseiny@yahoo.co.in)

171


http://jmums.mazums.ac.ir/article-1-11045-fa.html
www.SID.ir

Downloaded from jmums.mazums.ac.ir at 14:29 +0330 on Sunday December 23rd 2018

ol s (— S B}y e colS filba_L as
(VISIVE) 199V Jls 3T 16V o)lad  edfie § Cuy o)

J3 U415 (3o )50 Rlawll abuw pg)lagl gliga ja cuba psb
s ybge galjgi

' losl eald

"o nj

' s2bo) 056

¥ i) duoww

Fséb.l ol e

? S Ol o
23S

|y oo A ) O g0 g oS i 5 Sladsho 05,8 (51 ks WIS, Oy o 5 b 9 il
j—'L.s)‘:Jl—’Q‘JﬁJ@L.’.JJ’::US“)f‘ubw‘J‘d‘Lh‘L‘sdﬂL‘ﬁ’“LS)‘JJ‘J:w)O“\J;;’ﬁ°J}:‘W|WL‘?J}
.,\.:Li@o,obujs,;,u,;;\mdg,f&wmcb

M(n=\')dj_1{j(n="')@Hba}f})A{ijJ‘;aJLALgLAC)Jc&J:?JMJLEAJbJ:Lbkaajjj)l,o
s OLINF 5V slasa, 51 S o 53 (S A) 3155518 o, S a5 ad S 15 (o3Il S 5y 50 5 S
b 93 iyl BT 03T L Laosls awlin i (o, SojlihJd J 5 Chale 5055 A O 05 sls el sl
A ol YY 2l 9 SPSS 18le 5 Lamms 53 (05 8 ior)

g(rijY/YVr/ﬂ‘)\A/’F‘ki~/\°\’ ey ) (@b3eg 8 05 S35 Sobe « S 5a) VP 5V s ladidl
Sl (pf\‘“/'r’\’i\/%)YY/Y”Fb/’FW s S 4) J,:fa,f)'\;vs‘(p,ap«/m\)L;)\sumub
c]a_w))uo);ﬁé)‘:wﬁdw‘c;_}})\’)b.ulu\iéfjhaj;;’rﬁdfAﬁ))é}‘)@&ﬂ@)w4§
im«pg/ml)¢_;|;JJ_:§°,prwgs)>5;YQ¢gfcbd@g;a,ﬁ¢jj,)w);um;,:l.u;ﬁjajﬁ
ok S0l oS Al ey ;S 53 0le ceen 53 (P VAVRAVEY VO p/ml folie 55 YA/Y0
AP/ N YY/PY VPN Llis 55 YUYAY EY/OA) 55 03l i 51 5 i (6,15 Sne

a3 15 50 S Ol g 53y Ul e o3 S

Sy el S b e 3003 €015 55 651,k Lol 16 aalS sl o]l

4o b0
C.«-:L_v.b (VD! 03 g CLSL' C_,.vb_.} @ )A:.v\ &‘Jﬁl )LP C_,JLLQ 9 L}';l’“- &.SJLP L.S‘"\'-:'" Jdald (.f,él:- Jl:- BE)
0153 53 (S oae 5 wls 51 (S stk Gz 3435 o LA W 058 B 5 o
E-mail: mehranhosseiny@yahoo.co.in S b Dl 5 e (S e o1 (58 Dbt i o — i Ul pieo g 9o

Ol i s ciom oy (S8 e ol8sils (St 0dSils ¢ g 125 psle )} ulis )87

Ol kit oo (S e ol ¢ S5y 08l (635058 05,5 e Y

Ol gl eckiom oy e ot (S 0 ke o5 ol 5 (65l 3 0dSCs ¢ labe 03 8 ¢ 0 ¥

Ol ediom iy (S b o831 ¢ Sty oSy ¢ Sy (il F

Ol o o i oy (S35 g sle ol8ils ¢3S0 m 5 o Dliind S 50 ¢ 555 5k A3 W3IS0
WAVFNY £y g 356 WAF/N YD 1 SNl g ol b WAPA/Y e il fu b

199V BT 16V o)lad codfin § Cuny a)gs ohsjle (Al ok slEibily alas \Vp


http://jmums.mazums.ac.ir/article-1-11045-fa.html
www.SID.ir

Downloaded from jmums.mazums.ac.ir at 14:29 +0330 on Sunday December 23rd 2018

ul]lﬁnﬂ: g llyl ,nulli

ot U e 0l 55 55 (I B O sms 8 glasdy el
L ol gy cplpls o)l sy (ls Ol)abe
Tl oIl Olss 53 Sl AU e S
U 5l sl azie 53 55 03 S Ogepsm oLl

A3 8 el oy Ol 5

L b9, 9 dlge

355 gl e s g 1 g2 adlllae ol s
<.J§v~~—w~ o5 aals U (Luimm 53 ,8) Sl s
JSK) s lild Lol i 3 U g i enliz
Ge 4 s3T s cas L VY (S Lb7 sy,
a5 YY-Y0 clas VJLW S T 5 Ol
AL I i 1 o 53 5 61,5 AL
D) G o Bllee i b opl 03 ) s il
Sl 5 Sl Coiglas (IS azaS o sl
IS AS) ey o Sy e ple o8
&S g5 ubs Wl g (Irbums.rec.1396.208
(LS o1~ tIT S S ,8) o 95 53 5l 03
W As oslizwl 5w b js eds o FOME/KG S95iL
La se il O g A8 5y ) em Col VY
3550 (OWITeSs 18T o 033 15 oKis Law s
S Aot b Galee SLAGO A8 23S 15 e
Q) 4y dy Enls Ol s 4 FOmg/dL

e\ 3(&\.1.”3;)&:;\1:»&@))“\“
s 4B 8 55 (4,58 0y 8) oSl 2 o,
A 8515 Il s e b (I o 3538 g
s 48T Gl 0T Sl (8 Dlllae s 4 ax 5 L
b e SalST (2L gl s Olesls 5 bk
8 55 oes S slpesle Sy Ye sl
Gosm Olasly g0l Hlasb b OT 31w A ol b s
Hosbe o Olsly s W o 51ty akeo BBl Bl azils
5 (158 sl ,a) L Slaes i g sldw b
S 355 O3l 45 L (g3l bl Sy g 4 5

‘ACJ)JAJJ};)‘J%MM)JKJ‘LHJMM

A3 0 S wias o Ol Sldllae 5 sl o Kol
Lacsolaslb do 3 Y0 51 i b 5 0SSl s b Kol
SAas e 13 36 S 1) gl slay 528 s
Gl 5876 (sl S i (5)lay 65 Zubs ' S OT
(ol Gl sl ki admte glo b
25 52 sz e Gl 500 5 LS 5T
143 S 15 s 35 ge skate (slatasl 53 O
ebas] Jole 015 4 6 mn 055 Jl- (L
ST plie podkiw b 5 (651354 Subs eals slwl 6l
3y Ui L5550, ol 51 IDLolis b jme
230k oa Eol 5 (S la ety pwy ik
(Bl ol ENN 3l g oSG L 0L
Jeoms sl 8 o5 (5188 5 o sl 4 e glie
Sabm s oSS s Al Ol sen o wils bl ST
Ly el 8L Lo ag Ol iils 55 ol 51l
S A 5 030 SVl L Lo e oS 2 fulge
s Sl b ks e glady Sl goled bl ol o
ol 3 DLlods w15 S oo g sutie
SE VR S EPPUPE G RTRN K K
O3 53,5 55 jhe ag 035 (5 S il &S s
3, Shas O g oikizee sla S THLS 5558 Jlu )l
509,553 S 5 e e (S 50058
S S Ol 0 slgiy OT (11 gras!
S S 0355 5 odms 3 45T Sl (gl giaT YA Uty
3 Bl (P I 53 (cage B 9550 0 55
Osaysn ol ol ol IS o Ll e 5L s s,
ST 5o ls ad s o plin 5 ) 55 (6550 1B
S slie I G (6ol Olyss 53 Cals &
s oplodkias L ol Dlalllas i en 5 ol
o 3 gl e (o)l Lol ST sl
6 S 0l A3 o ok j3Lle 53 1, Lals gy g
Olysbe 1ol W e 0151555 53 o S Ogaysn O ok
Cubs 2ol 58 BT e (8L S L5 (0 (Lo
sy Olsie b (slandllan Jlm ol LBl dde (65,

VI 1RV BT 16V aylad «odiie § Cunw 8)9s

ohsjls (S eolc olEibsl alas


http://jmums.mazums.ac.ir/article-1-11045-fa.html
www.SID.ir

Downloaded from jmums.mazums.ac.ir at 14:29 +0330 on Sunday December 23rd 2018

OM5 09090 3Lewsly 13 MG s Cubs 16

03,5 4 laze 03135 55 W 51 ey o23,ler 555 03
2 (oS VYFFE /FY) (508 055 oSk 2L
Ll (o, 8 ¥ PY £ 1/F) J S 05 8 L i
olal b 51 50 Ol ol a8 () oyl 415 503)
ol L RO SYA=YFR/FS e/ o] 54 s me
P=2/0Y] 55 i 4 aly 1 ) Ol o J
Al s 058 VUL s ,SLe [FOY sYA)=/F\
Sl Cobs wls ol el (S 0lsl 5 05
Miwe (sla i go 0131555 Ol DMy adl .Vl
S 5pS g ol 055 LI (Sl Cls
s G 0S5 Ul NS (0N 1s
0533 039 Sl 4 015 0 45 Lo - Jlas oD
= 0355 e SO Ol b alin 53 ) 6yla0k
5 (L33 V7 5 90>) Ol i b (Ao )y V) i
Jolie 53 Ol sl 5 5 (G5 by (558U o on

.(\“))}Aﬁ o)u| Lg‘)b)l{ Ob}) DL s:.)‘) J‘J}J

G550 Oly93 055 A5 e O3l il 5, Kla 21 0 bed S5k

J5S 5 o sl ey S Ololjs O A3

mg/dh ols); 5 0 5 a5 mg/dD o ste o 5 18

SinF SV (O 550 bk slgsl &bk sl sy i
WeAVENSY VNDE VY VST SN AANFLEYT B
9 =) 0=0) ) ald
VOV V05T ARV YA AN £ FYYR “OrANFEAY _
M=% %) A @) S

U8 05,8 b tlin 53 (P<o/0 00 V) s ine Soslis *

35 - , i,
* 0 Js=
—
30 SRz
o B
B
2
3 20
2
g 15
10
5
0 T
P ook P ook
iy w539 1F

Olysle 3l ol u gze 013l 5 03s S0l dus o 210 o S10ges
Visbains o3 elpiz ol i (0 25) (Sba b 5 (J2S) oIl
1 e Ol Kile Sy 4y p3lie 5 51 VF
ods Sl 03,8 sl GuwA iz o 30 Sy sty m ) s

A3l o P00 a3 s e SV KL ol

0Ll 33 (6513, p s e aw Jslae M L
M55l ey @22l 9 oin slasg) 5o (Uil s
004 8 515 6K 555m 23 5 e 013155
A) 3135518 05,8 A 5INE 5V (slass, 51 eSS n 5
9 Rds Ol (Calizes sl ysle jlosle JwA 5 5w
B 6 5 1 U180 b e o )
053 L 4B 10 s 4y 05 Sl gad B S 13
NE- R FEUN.3 NSRRI VP05 JU T WL T
(I3 VY arlan) 5 YUT 51 ol 3l oslizal b 3 g5
W25 8 oot (0l VEIARA &S5 g0) 5 fubilid S s
S Sl eslizal b o 5 gladhy ShL 11
Sl 5 (01U el oS 5 (KAL863) 1Yl
L5 e Lol (LS T 855 ) Sy 5 S
W el = (5 05051 S eslizal b Olpale O
oy 8 531045 sl sla sl i 1 gy 2 S
BU 355 S 546 b 55 il sy T 0057 Sl
s osliwl (S5 0sasT el S 2t by 48 T
Sl g A s eslawl YY 2l 9 SPSS )\p\rjs Bl

A dfﬁ):)\:@&ep@/'b ck.u)é

S g by aidly

La 05,8 6lo,ls 0lss 0 A8 580k 4y lie
AT 58505 2 5 ol sl 5o V—"ﬁ“&b
Gl e ssb o 2Lsos 48 sls Ol gyls,L
09,5 L aiwslio )3 5 S O L3 (P<e/o )
O A8 auslie il Slej ol 95y d a8
VF 3 em 5 (P=2/VA) (8505 i s om Ol 55
Laos S oo |y 6uls ime oslis (p=2/AY) S5,
O oyled Jgue) sl Ol

ot W e 0115 039 SSbe ¢ S 505 ka3
L amlie )3 (o S WA £ /FY) 25 0 sl
(oS XYYV /) Sl Oyl Sl ads A e Ol 5
[FQ Y=YV e P<e/ee V] s g 50ST )l sme s sboas

TFQ A= 1 FY D=2 /AV] 345 i 4 sl g 51 o ol

199V BT 16V o)lad codfin § Cuny 8)gs

ohsjls Ak eolc oGS das  1VIE


http://jmums.mazums.ac.ir/article-1-11045-fa.html
www.SID.ir

Downloaded from jmums.mazums.ac.ir at 14:29 +0330 on Sunday December 23rd 2018

ul]lﬁnﬂi g ]lyl ,nullﬁ

g 5l 5 45 sl Ol 0, 5 NG andllas
Y cb_ﬂ ubs Olysle e W ge (sl 5
& Glata 01355 b Alia 53 (P=+/0¥T) 55 oS oI 5
033 35 6ol gme Dyl Ll cizils bs e 01k
S i 5 Sl sy a0y, S s 01l 55
asdllas ;5 .(VF)3 0 05 OIsl 95 51 5 i esle Olsl g
:))_n:\)'j_}\\‘\‘;b\_;.l_;g&:l;cl@ﬂdéj_ila
s gdmn 5las a8 S5 55 (3 8 515 sz
Osnssm ol o iy W p8an i oS 055 5 )
0)3 9 5 s I3 san ysb 4 i 4 sl 8
sKarakulak v g 48 judo aalbas ¢S s
Q151 95 U Ay O 55 5903 #0635 Ol SKen
ol plandl J 587 a5 50 #F 5 (lss Ol ol 4 Glaie
oS Ol e 2l Olyale 43 48 i esls OLES (ol
‘¢M|Hua\)>ujt;‘,§@|;@n,y4{au.x.u.
0935 5 s b 0T Olsl 5 055 a8 J o
93 deas e 0L 5L sl 6l andllas oyl (slail
Gl Dlaiond 3 &7 (55la,5k Zobs @l g Je
0155 o 5 oy el 03,8 o 51 3 2liel 3550

355 Sl sne il 0ls W) ey

S Sl
TP slaasl s ol Sl
5 o Slides 58 (FP0F) O e SLido
bl n oy (S e oSy IS0
proe el S 3 55 Gla)ds Il e o Kas,
S pde of8 sy 2 b Sl S
OT 53 AR 2l3T Ol s (535 Dl & i

u\.’)\}@)‘j“)aﬁw\g_&:))ﬂ;f

References
1. Herman WH. The global agenda for the

prevention of type 2 diabetes. Nutr Rev
2017; 75(suppl_1): 13-18.

b 3 glawdly CBIE Jlne Bl 5 S

PED PG PR V) (O PN FORIR ISP [
315 OLES I 5 51 ey o2in S35 53 Ogepsn ol lale
Gl kool p 858 VAT 0 /PA) (b3 055 o oS
sl (Gl o p 8 5S WAARNNE) U 28705 8
395 03 dl= cpl L(p=2/M) S8l 5 9 (6515 gae
FENCA S SUPOSPPIIK G EVERE 35 PN Ies
165 5SS YUYOEY/O4) mlses, S Olsljys
JrS 03,8 5l 5k 1 (ime s b 4 (e
P/ ] s Gl ol p S S5 VWA £ Y/VD)
=t iz e et [FO 5YA)= AL A/F4
P/ ] s e 55 o8 Dse 0 Kl
s Gty S S s s [F(\ 5YA)= $5/0¥
59503 [FQOSYA=VO/YY <o/ v V] 55 )ls e
@2 09, o Glate 5 0l g5 el 5 5l ey VF
013555 L 8 52 55 e gl A 8 L

.(p<~/~~~\).\;:..';l.s onfQLa.A osle

35
—ar— O Js=s

s Ty

20

15

m ’—X‘I ’—LI
5
0
P ook

Sy 5391

(pg/ml) bowdls o 5

P ook

0131595 (b p,8) ahal o ;8 8iln dylie 3F 05l fog05
oz ol 3 (0 29) (35 b 5 (28D 0l 0 pole ot o e
ool Kl 0y g 4 p3Uie A5 51 g VF 5V (slajs) )
03,5 72 Sln (oA iz 2 5D D) 3055 5 V7 2 sl e
BT FYPE R EE PP I GV PR P

J&l{@p<~/~b

2. Tutino GE, Tam WH, Yang X, Chan JC, Lao TT,
Ma RC. Diabetes and pregnancy: perspectives
from Asia. Diabet Med 2014; 31(3): 302-318.

WO 199V 3T 16V o)lad codfun § Cuny 8)gs

ohsjls (S eolc olEibsl alas


http://jmums.mazums.ac.ir/article-1-11045-fa.html
www.SID.ir

Downloaded from jmums.mazums.ac.ir at 14:29 +0330 on Sunday December 23rd 2018

OM5 09090 3Lewsly 13 MG s Cubs 16

. Bao W, Baecker A, Song Y, Kiely M, Liu S,

Zhang C. Adipokine levels during the first or
early second trimester of pregnancy and
subsequent risk of gestational diabetes
mellitus: a systematic review. Metabolism.
2015; 64(6): 756-764.

. Ukkola O. Ghrelin in Type 2 diabetes

mellitus and metabolic syndrome. Mol Cell
Endocrinol 2011; 340(1): 26-28.

. Nass R, Gaylinn BD, Thorner MO. The

ghrelin axis in disease: Potential therapeutic
indications. Mol Cell Endocrinol 2011;
340(1): 106-110.

. Ariyasu H, Takaya K, Tagami T, Ogawa Y,

Hosoda K, Akamizu T, et al. Stomach is a
major source of circulating ghrelin, and
feeding state determines plasma ghrelin-like
immunoreactivity levels in humans. J Clin
Endocrinol Metab 2001; 86(10): 4753-4758.

. Gomez-Diaz RA, Gomez-Medina MP, Ramirez-

Soriano E, Lopez-Robles L, Aguilar-Salinas
CA, Saucedo R, et al. Lower Plasma Ghrelin
Levels are Found in Women with Diabetes-
Complicated Pregnancies.-J.Clin Res Pediatr
Endocrinol 2016; 8(4): 425-431.

. Hami J, Vafaei-nezhad S, Ghaemi K, Sadeghi

A, Ivar G, Shojae F, et al. Stereological study
of the effects’ of maternal diabetes on
cerebellar cortex development in rat. Metab
Brain Dis 2016; 31(3):643-652.

. Serki E, Vazifeshenas Darmiyan K, Ezi S,

Bayat J, Shahamat F, Ghiravani Z, et al.
Effects of Colostrum on Sperm Parameters,
Sex Hormones and Testes Histopathological
Changes in Diabetic Rats. J Mazandaran
Univ Med Sci 2016; 26(141): 83-94 (Persian)

10.

11.

12.

13.

14.

15.

16.

Lotfi N, Hami J, Hosseini M, Haghir D,
Haghir H. Diabetes during pregnancy
enhanced neuronal death in the hippocampus
of rat offspring. Int J Dev Neurosci 2016; 51:
28-35.

Berggren EK, Stuebe AM, Boggess KA.
Excess maternal weight gain and large for
gestational age risk among women with
gestational diabetes. Am J Perinatol 2015;
32(03): 251-256.

Kiss AC, Lima PH, Sinzato YK, Takaku M,
Takeno MA, Rudge MV, et al. Animal
models for clinical and gestational diabetes:
maternal-and fetal outcomes. Diabetol Metab
Syndr 2009; 1(1): 21.

Kervran A, Guillaume M, Jost A. The
endocrine pancreas of the fetus from diabetic
pregnant rat. Diabetologia 1978; 15(5): 387-
393.

Ng P, Lee C, Lam C, Wong E, Chan I, Fok
T. Plasma ghrelin and resistin concentrations
are suppressed in infants of insulin-dependent
diabetic mothers. J Clin Endocrinol Metab
2004; 89(11): 5563-5568.

Farquhar J, Heiman M, Wong AC, Wach R,
Chessex P, Chanoine JP. Elevated umbilical
cord ghrelin concentrations in small for
gestational age neonates. J Clin Endocrinol
Metab 2003; 88(9): 4324-4327.

Karakulak M, Saygili U, Temur M, Yilmaz O,
Oziin Ozbay P, Calan M, et al. Comparison
of umbilical cord ghrelin concentrations in
full-term pregnant women with or without
gestational diabetes. Endocr Res 2017; 42(2):
79-85.

199V 3T 16V o)laid @ifio § Cuny 2)9s

ohsjle (S eolc oGSl alas  1VY


http://jmums.mazums.ac.ir/article-1-11045-fa.html
www.SID.ir

