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Abstract

Background and Aim: Consuming a high-fat diet, as a stressor, during pregnancy and lactation can
change the programming of the neuroendocrine system, and cause long-lasting adverse metabolic
and behavioral effects in later life. In the present study, we investigated the effect of high-fat diet
feeding during pregnancy-lactation on basal plasma corticosterone level in adult male rat offspring.
The study was performed in 1398, at the Department of Physiology, Shahid Beheshti University of
Medical Sciences, Tehran.

Methods and materials: In the present experimental study, dams received high-fat and normal diets
from the beginning of pregnancy to the end of lactation. At the end of weaning, male offspring were
divided into high-fat diet (HFD) and normal diet (ND) (a total of 6 rats per group according to the
previous studies) based on the dams’ diet and received normal diet until 6 weeks of age. Then, the
body weights of the animals were measured using a digital balance and blood samples were taken
from their tails to determine the plasma concentration of corticosterone using a rat corticosterone
Elisa Kit. Subsequently, their adrenal glands were removed and weighed using a digital balance.
The results were analyzed running independent t test.

Results: Compared with the offspring of the ND group, the plasma concentration of corticosterone
was higher in the offspring of the HFD group (2.11+0.13) (P<0.01), whereas the body weights of
these offspring (114.8+2.37) (P<0.01) were lower. However, the adrenal gland weight of HFD group
(28.25+£2.80) was not significantly different from that of ND group (29.52+1.68). There were not any
reduction in the samples of the study groups.

Conclusions: Regarding the unchanged adrenal glands weight of the HFD group, it seems that the
increase in plasma concentrations of corticosterone in this group is due to impaired corticosterone
clearance.
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AL a0 2 Pl @ g @I @) Sl w2
S F bl 3 Cp i @l m) oS Gpas ol slaodlj o 0
Fooxe (B 1) 08 Bpae lidle (sl 03l &) i) (6> (e SialS

(Bl g Wog S 5] St > Aiges I (¥ J3909) (P<O.01) ols oLt

2001
C]
£ 150+ —— "
R =
] ]
s 100
> :
B 501
[11]

Normal diet High-fat diet
Group

O Okl 3 (Jgame (23S ) 5 052 (S ) sloog ) slodl; )3 s g Y oged
ol gy Fisly Mean 8D (Sl s . Sk

~ Normal diet 69,5 L ,blixe WS p<s,+ ) ¥*
soal; JUpalaas (59 31 3l 2yt (219E w255 51 oy
5 &
039 3 S )line i (23 yh 9 (5)10)k sloeygd 3 plo 2y 2 w2,
w3 b ohdle Jl sloodlj b awylie )3 ool cnl @l (sla o3l JUjl 002
S92y og)S 5l Sugmd ) diged ST )lg03) 3,55 sbml (Jese (2l

5 40 NERIRY

E -

=

S 30

[]

: =

€ 207

c

i

=]

T 107

g i

£

°

< 0 ﬁ
Normal diet High-fat diet

Group

b > Jgone (B 255 9 03 3 (ol s sloog,S slmodly 13 JUysT 34 (g - lages
ol gy 5 sl Mean £ SD il gty . Siin i

S n g dyere e S 5

Normal diet High-Fat diet

Diet composition

g% Kcal% g% Kcal%
Protein 23 2538  19.76% 14.96
Carbohydrate 57.5 63.45  39.62% 30
Soybean oil 4.5 11.17 1.3% 2.22
Animal butter - - 31% 52.82
Fiber 3% - 1.62% -
Ash 8% 3.2%
Total phosphate 0.59% - 0.24% -
Total calcium 0.95% - 0.8% -
Mineral mixture 2.46% 2.46%
Caloric density 426 576

(Kcal/g)

O3S S5 St 3 00 i Ly T 13 Syl 4555
oo o o pils loj 13 (YA) Ad (6)10aS5 ol )5 ol dn 3 -V (glod o
S53l5 by @b JUol 38 g ol gl (1355 L S (g C5

28 03 (p S oo oY Cslua (yl AND) Jlios

18 bl Judos g 4325 (g,

Szl oy sl i Ab K-S g0l 5l eslil b odls @je5 o9 Jloys
pSbe Sygo 4 leMbl . 15 odlazwl & GraphPad Prism ¢ Ll ,l3éle 3
(395558 alowM ClalE duglie sl 8 ol 5l Glysal
I Joore g o2n 2138 w25) 09,5 99 o oS 35 398 Lig 9 0N 09
a5, a5 P0.05 lasMis] (g foline peans 05 e3litisl t Jiuwo y90]]
(adly

wlowdly CBlE p b iy I @) S )
2 8l 00315 (950055 5

bz Lisl58l Cows (204w g )I0)b lyed jd lydle oy p (glie puas
Al slooslj 4 Cuni 09,5l 3 Wl (sloolj 49598 olowdly clale
() f3909) (P<O.01) 15 Jygane olié w25y odiiSGopuan 09,8 olyole
bl dgng Wog )T 5l Sogud ) diges

A3-

2E

23 i

2 E [

85 2 e

0O e e

£ o I

O =

cE

£ 5

n O

S £ 2

o8 =
0

Normal diet High-fat diet

Group
HE 025 5 0 1S w5y o 0g)S (sl odlj 13 4920095505 oDy CBIE Y Jlagei
el o>y B sl Mean T SD (Sl gty Siin (i bl 3 Jgese

Normal diet og 5 | jblize DS p<e,+ y #*

AV 06 Yok 87 am

.‘./1 S0
iUy,


https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.1.11.3
https://pejouhesh.sbmu.ac.ir/article-1-3070-en.html

0/ odlj 9095555 o g e 02y 2 w25

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 |

[ |?OR: 20.1001.1.17355311.1401.46.1.11.3]

o oanlio (gboline e | Stumsat sl 55 b M5 1] g ol Sl
Oy @ el Sally o bl ©p bl 503 (59 51-(FF) o
S 55 b ol g Wgde Cgmne wa el odip iy (slagSJge
adllae )5 ulpls -(YR) W10 3l jae )3 (S9y99 Sl yre JolSS 2 canl
SRS 025 5 25290 Sl Sitpally (YL s L3l b g (i dlge o>
L 3 IS g ) S5 el e K glye 4 o ol
Loosly HPA jooo (532 )a0b 0 5 )3 (s (i LS 3 355 polo yud 3l
G5 5> -Gl 015 Lo 3 by (9 twgSs o8 daw ol Bl s g il
Loslj (slawdly 3 (ol (slapadls g sl Siolly (olowdly o 51>
addllas pl cacodgize 1 500 (S lais 4 &S conl saii (g S0l
o Py I8 o5 &S Canl 0l 030> LS Cpiored 3gu oo Cgmte
4 Y (FF,¥0) S datee (WS pe Gy S @ Ml (glp 1y Wesl Wl
S CalassS 545 S idylin 5 5 el 55 85 o gy
> e 25 (FV) by oo (a8 QU5 ) 02 087 )l o <l >
21 w2j) oS B pas olpsle slwodlj > (eSS alowdly clale
3l Gl 38l o e Soad s 3)Sdoe W] ©)90 )3 Wl o0 022
1 B polie g 5 g it & ;0B oy AS A8 Canl 0 030> (Ui 500 (sow
185555 5515 5 S 3 ol 35l gm0 3 sl s
S oy p 4 00 Juate 45955965 ol ol B> (e 0 g Cans
ol S 3] (o555 5595 i 4 Ll 3 35 55555555 5
LoDl 3131 1920088558 L33l oo Jols5 ol (12055 o 122,95 o &
oidslie ) (ISt ©p2 a8 Gacawgila QUGG LS ) yol (ul 5 0ad
a5 ) ey K I & ol S 35S 525
(¥A,FA) 25 yocio

Gl Can @R w0 Jb leedli b iyl adlas
sanlie S o GrUber y3ls aallln golis (sl 13 5> L (sloline
5 IS ohS Mo VVEY) Gy lié iy Gpae JUid & & 0,8
0303 o g s Okl B (Sudn oz (o jledle slamice )3 (o2
Cuily dgr aiSS pl 4 Wb (B0) dg S 09)5 3l yieS Sua VY o la
s a4 (oaligr 5 i lyed 0 I i cdlyd loj p alas &S
OasS S il L 3 Yl 0] 6125 ) i s (5 e
s 45 12 L 358 1 |y s ] e sl S (sl LDy
5l Bl 2l 50sSis 8 ) ol )3 29800 b ol (39 talS
G2l g 0 2 ) 09)5 slaodlj 3 13 GBpae ialS 55k
2 -(0Y) Conl odds Joaro ns]) 0,5 (slaodly & cows odlj opl (6,5 59
Ae sla odly 3 (AY) Ko g Wijenayake guiss ol wls b cdllse
Ol 4 o bl ool oS Long Evans 315 ol s sla g0 059,
@ 2o F) Cpp 2l i) (b 5 Dk dsk 3 s bt )
wleosly 13 (OY) o LSen 5 Lin g jboline i8] 39y 03,8 (b puae (gl
e w35 (23eb 9 Ik Job 53 5 o0kl G oy Ve 5 &S Sl
0o 31 (g (oSS s 3391 035 Bpae (2 20 YO (5ol 2
4 ogie |y s ] 0,8 eanli (Uinlel o) Sis) WA+ b Uy
odlj awyp Hloj ooy By loj o oy o3kl oy o pd )3 gl
215 s bl 315

o sl 13 55y lowdly S 15 3y b e )5
b blyon -0 edalie 515 098 4 Camd JUyl 022 559 )5 (5 bliae
sloodly JUpal ese 39 0 sy 35 i Cliios 3 b b Slaios
2338 o3l 0z (288 w25 J (B2 b g 6L (ygd 3 &5 ol
S ao2VA) Gy wify Bpae &S Jbb )5 (YA) ol 2l 010>
b ooyl jl e atin cutin ) liang S5 ol clagbse » (22
sbodlj > JUpl o 3950 Cuand clld Gl (233 oL
op) 0F) 255 e JUyol 00 59 il 4 Slg e aST A5 0jg) VY

AV N6 Vo (£ 00ms

oy
VY ob) o hE ) S s &S 3 iyl adlllas gl
s claodly cslowdly s L (5 0,5 2 g 2
O g9 bl 0,55 sl bl JByalose 159 53 (6wt & by oy Lol 38l
ol o) an g D’ASH yols addllas b 38lg5 55 0l j2lS Woslj ol 55 1,
@hme Gbgise » (e 20) ©p 3wy 28 o 20l
Ol (m0yd ol U gyl 3] aan I JIs Sl ol o)L
AF1) 08 glojgy Ve gy )3 boodlj (920588568 by (plowsdly clale j0las
S oy o o 4 3l addllan b adllae (pl 5 b g ol Cglis 4 xgi b
2 alde gpd9e o @y 2l w2y b ool 445 4 eodl s Fly
23l Canl 5o 4 sl oo iz 3] 5l Edge ol ABL oSl om
GhsS > gl 5 855 S, 5] e sl o ik LS
L0)F ) G @l miy Spae S 358 Jold g ) il
&b 5l B wan Sl ;I Long Evans o135 olsws (slajoge 53 ((oy>
sleodlj slawdly (9505858 arly Clald Sl s (23505 Sl b
sladlas ) OI)K.QJ:: 9 Lin P9 (S 5(YY) s Ol))Lc O?.I 0jgy A+
oy e (3,5 s o s Sl Bl oo ot o)
Ot 39 Ve 3188 Shdle JUuS 5 slaodly )5 1) anly Ll )5 (99 09858
0392038 e (22 3053F0) ©p2 s (28 Sl b 5L S
Gygpd Eodse 93 & dog pil ddlllas g3 b alaly o (YY) 05,8 simlie
5 Cusl 0390 oy YL o )d (g9l olde miiy b olpdle pl i - Ll
sl 015 Jlosl aglg cpl 33 020 (B w25) )05k g9 51 5 Y
el b (e 5 S22 b 03553 (ol ot ol OS] s sl e 45
oMl g ko Bl oS Slodls s Sofglgrotal sladllias 1l ol
5 sl ADHD il (6,8, (sla 5] 5o Sm o] laite Sglie
o)y la M ol Jds Gl a3 oo a3l odl; 3 1) (53930
Slosly Cau odly (HPA joe Jolis) oy )S'als 05 it JolSS yuuts &
G lid sy o obs oLt oy Kan 5 Sears bl ol 5 (VY .5)
Ol Rl e oS 03,8 S0 | HPA - joome sl Szally 1 6
S 4 225 b 3 o adlan () 3550 i 35332 3 Jp3555
LS g (el Stlly Jold) (55 037 55l ol 02 2 w35
V) Gl 0313 il 351 5 w40 |y lyole 39 g5y olomsdly cdile
iU 3 (i b ) i 4 48 Sl g piossingS JB  (F-
ol o0 ool HPA jome (630 )d0lips 53 pid o (23 3,k 1)
9 (¥y,vY) u».:l)sl L )oi\> adlls b OIN d}i)mbﬂ PRgYES Qﬁl (YY)
Loy &gl (39 g5 s Cale (F+ YY) Limls b anlllas oyl b sl o
Oloj e > Colds & (e o |y @l > gy cle . Cawl ol o aodl jo
Pl Woslj (oo b g (218 05 95 (3o g 2 (S 05 e
St (c30y 400y i 1 Bl 0 S (6,503 Jale b cand Livle]]
Slgia ST 1l azbls 1S Lodlj 3,5 g5l 59 s dlos § Ciliska
S cbale (a5l b el o sl Gz gy (23 025y Bpao 3l 86 ol
1515 o Jolse ol - olye lpsle 3 ool (sl L olyos 2 LoDl
s oz Sl ilisee cuas lajpne JolSS 9035 g0 (2 So3 A ||
a ppY adl.(0) a8 e ) 5SS Jls 53 0l b i 0 S5 ls)98
5 Sloris (,Soiul ple g 3 oygiSh ol adllas ol 5 &S il (S
Dyl sled 4 Baios ol slacasgioe I (S olgie 4 Glaise |y 3590 o
Lasly o &S plo Cpp 2l m)) 0 Ebdl 03 ol 3929 (privren
ol Olyie g Jame sl b i 4 jed b g (e Gg5 w Jl youe
OS5 93l5)98 iunges alo 3l e (Glaetun (g52y40ly i > (6)503
G no 45 Slodls s s> 5 el (lmanllls bl 5] )3 -tk g ylas
o381 g HPA jooeo cllad 2oljdl o gLl © 2 ol (55> slalis
oo g O Open (FVLFY) 29500 (58, sla DS 5o Jlozs]

4/. LI
o2,



https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.1.11.3
https://pejouhesh.sbmu.ac.ir/article-1-3070-en.html

e 5 oo alln /5

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 |

[ |?OR: 20.1001.1.17355311.1401.46.1.11.3]

15 1y 195516 oyl Lials s & wlgi_e 1L HED 055 (claodlj 5 02
Sl ygiS16 5y oo 55615 Lyial381 45 ol s Lndallan Ll o 5
sk 3655 a3l (il w9 wtllS 31 (VIGF o9 4) (Jobo a3,
G105b lyed (sloj ooty 3l ookl o> 4y ains ol (BY L5V ,0%) 2945 o
$dn (S5 sladl & (S gapd 3 pelas )93 S lgis 4 (B3 b g
9 g5l CBIE ) o &y cizman g 295 00 WS o208
J e Slapiu 3Skas 5 (o) dolin  puliiune e g olins 5b & o5

ol ol o 5 0155 ess Sl i dlon

HEX P

slcugioe 5l (S adllas (pl o Jlas Juo 5l ookl a0l 4 an g b

@He @) Bpae Sl 098 o0 ot Ly (] 3 gde g
ol Jozipss wb clale p (23yd 5 )b)k slaghsd 2 cpn
Spas floyp oeoxed dgde (oo)p 38 Sl laadlas )5 5,8
lodl Geble 5 (2308 5 i)k ol 2 e n @ w3,
25y Ol Ol O olee & baodly ACTH 5 CRH - (slagyg0)50
B w3y Spas Sl oy g Bols (il e 3 GASSSS S b
i 5 Sfglgtuns slayes p (238 5 )L b Ohed 2 o2n
Jubyt p)f & SSG)sSS5lS Jb 5 oS has ol ol
\\ 3 -hydroxysteroid) Jué & Jub,é pjs o (A-ring reductases)
5 a4y slasliin 505 5l edly 48 4> () dehydrogenase type

ol dslllas (pl by Cudgins

5 S o

e iy e &8 ol S50l Gl IS S S
wb ladly chle (Rl @ (b 5 Ik by 2 Pl o
sy JUpl 2ae 15 (8l il Lol el 5 slaosl )3 (S )8
ouillS > ST cplple S od a0l 1) HPA joe el 20381
2k &5l e (il 48 S plgis @ Bl (9SS
29 48)S Jas 53 (gim (Sl aiod

& Lo:

1. Mousseau TA, Fox CW. The adaptive significance of maternal
effects. Trends in ecology & evolution. 1998;13(10):403-7.

2. Roach DA, Wulff RD. Maternal effects in plants. Annual review
of ecology and systematics. 1987;18(1):209-35.

3. Mousseau TA. Maternal effects in insects: examples, constraints,
and geographic variation. The unity of evolutionary biology.
1991;2:745-61.

4. Gaspar RS, Unsworth AJ, Al-Dibouni A, Bye AP, Sage T, Stewart
M, et al. Maternal and offspring high-fat diet leads to platelet hyper-
activation in male mice offspring. Scientific reports. 2021;11(1):1-
13.

5. Saengnipanthkul S, Noh HL, Friedline RH, Suk S, Choi S, Acos-
ta NK, et al. Maternal exposure to high-fat diet during pregnancy
and lactation predisposes normal weight offspring mice to develop
hepatic inflammation and insulin resistance. Physiological reports.
2021;9(6):e14811.

6. Niu X, Wu X, Ying A, Shao B, Li X, Zhang W, et al. Maternal high
fat diet programs hypothalamic-pituitary-adrenal function in adult
rat offspring. Psychoneuroendocrinology. 2019;102:128-38.

7. Essau CA, Sasagawa S, Lewinsohn PM, Rohde P. The impact of

o5 Bgu yoxe 50yl o2y o &y Gy )3 &S Cnl oad abpy £9550
by S e 988 il 8l s cllab ) g 003 JUeb U3 sidgeen
YsSeyBshl did 3 3250 g8 gaobs 1 (CRE) (19,5555 ,58
01d (S3dgmd (oga VUit Ol pluss (S 9o J3 4 ugaVlisen
Th A8 s 5 095sSasS ol sl s Sy b s al g
Gk gorsm ol amd e Gl3El ) (ACTH) (565555 55,00 (i90y90
9 04wy 59alS" (395 08 i (LY Sewls i (sla Johw & (193 (5
2 J95555) e oSS olS i3 g wdgs el o oo (l S 25 L
2 AL 09 ymesSeygS D9 s s |y (LB g2 13 (900588 9
ol slasho cLié zaw by Do (1903 )3 & 395 (slaoss S
hlio 31y (s g 03,8 i3 1y ol g 31 (b it JBT 515 51,5 calises
gessm < lodls 5Lt nadlins (00) A5 o cdiblone 15 oyl Jalye
33 22 WYl (i 0 dg2ge slam 3l S8 oM ACTH
ot e ol I35 Joyals Bl Bl 4y (I3l 4 & gsilS
Ol s tans 525 b Wl o (BV0F) salosli oo (1920955 )5 g8
Ol dom )3 5 598 (slame 3l eSS clay e I3 o o J5les
9 Ldshe peadl Glapuslle 20 izzen 9 g Sl oo o5l
Mot 5 (Bo iy ol 4D 3 48 298 K00 gg Sl b ol olass 38l
3bj ol i b g 039 0ligS L yinl loj e [31.(05) sl o 35T 02e
b & (Gygo > Lol didl o 3l 0ad )3 My b g (B9 pen MBS
J65T g5 e o2l &) eddls (Y sk oyl (5l 09 s 5 036135y !
HE 023y 45 Wlodls Lis daxie sl guins 47 Lol j1L.(OA ,05) ol ot
oS Byae lyle sloodlj 9 WS o g sl S lyie 4 Blg5 (0 020
bl Jole cnl e 23 Sl b SLL B i 0l Sl w2 )
My 5 40 3 odlj el 5o Jyl 0 g 45 €y on Ll Wodgs
YU 2 68 soboslad 305 &) 3] )yl o o Lol sy ilsél s
09735595 (el Clale (I8 > 45 515 392 Jletl cpl 45 55
b cigesgn ol (538 uilyelS tlS oSl o JUyl s 51 ol iy al3al &
plie (haljBl a3 9 naSeSs)sS oS oIS JBU (slanBn Mg pials
Plo w2y i w3y &Sl & a2 5 S0 o 13l ST (92055558
2P Sr 02 Jub 3 e Jole S &) VIGF s wilgs oo
Ol 0ds g peS (Fe) ams gals s edlj 5 dB) cunl Jslo 1SSy

pre-and perinatal factors on psychopathology in adulthood. Jour-
nal of affective disorders. 2018;236:52-9.

8. Saklayen MG. The global epidemic of the metabolic syn-
drome. Current hypertension reports. 2018;20(2):1-8.

9. Auvinen HE, Romijn JA, Biermasz NR, Pijl H, Havekes LM,
Smit JW, et al. The effects of high fat diet on the basal activity of
the hypothalamuspituitaryadrenal axis in mice. Journal of endo-
crinology. 2012;214(2):191.

10. Fatahi A, Doosti-Irani A, Cheraghi Z. Prevalence and inci-
dence of metabolic syndrome in Iran: A systematic review and
meta-analysis. International journal of preventive medicine.
2020;11.

11. Heijmans BT, Tobi EW, Stein AD, Putter H, Blauw GJ, Susser
ES, et al. Persistent epigenetic differences associated with pre-
natal exposure to famine in humans. Proceedings of the National
Academy of Sciences. 2008;105(44):17046-9.

12. Sullivan EL, Riper KM, Lockard R, Valleau JC. Maternal
high-fat diet programming of the neuroendocrine system and be-
havior. Hormones and behavior. 2015;76:153-61.

13. Mirghaed MT, Gorji HA, Panahi S. Prevalence of psychiatric
disorders in Iran: A systematic review and meta-analysis. Inter-

national journal of preventive medicine. 2020;11.

AV A6 Vol 8700

~‘~/. fop b
iUy,


https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.1.11.3
https://pejouhesh.sbmu.ac.ir/article-1-3070-en.html

Y/ odl; 19 5985 )58 o g oo o2 0 (2138 25

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

[ |?OR: 20.1001.1.17355311.1401.46.1.11.3]

14. Gawlinska K, Gawlinski D, Filip M, Przegalinski E. Relation-
ship of maternal high-fat diet during pregnancy and lactation to oft-
spring health. Nutrition Reviews. 2021;79(6):709-25.

15. Tamashiro KL, Terrillion CE, Hyun J, Koenig JI, Moran TH.
Prenatal stress or high-fat diet increases susceptibility to diet-in-
duced obesity in rat offspring. Diabetes. 2009;58(5):1116-25.

16. Glover V, O’connor T, O’Donnell K. Prenatal stress and the pro-
gramming of the HPA axis. Neuroscience & Biobehavioral Reviews.
2010;35(1):17-22.

17. Bellisario V, Berry A, Capoccia S, Raggi C, Panetta P, Branchi
I, et al. Gender-dependent resiliency to stressful and metabolic chal-
lenges following prenatal exposure to high-fat diet in the p66Shc—/—
mouse. Frontiers in behavioral neuroscience. 2014;8:285.

18. Tannenbaum BM, Brindley DN, Tannenbaum GS, Dallman MF,
McArthur MD, Meaney MJ. High-fat feeding alters both basal and
stress-induced hypothalamic-pituitary-adrenal activity in the rat.
American Journal of Physiology-Endocrinology And Metabolism.
1997;273(6):E1168-E77.

19. Haussmann MF, Longenecker AS, Marchetto NM, Juliano
SA, Bowden RM. Embryonic exposure to corticosterone mod-
ifies the juvenile stress response, oxidative stress and telomere
length. Proceedings of the Royal Society B: Biological Sciences.
2012;279(1732):1447-56.

20. Molenaar NM, Tiemeier H, van Rossum EF, Hillegers M, Bock-
ting C, Hoogendijk W, et al. Prenatal maternal psychopathology and
stress and offspring HPA axis function at 6 years. Psychoneuroendo-
crinology. 2019;99:120-7.

21. Moisiadis VG, Constantinof A, Kostaki A, Szyf M, Matthews
SG. Prenatal glucocorticoid exposure modifies endocrine function
and behaviour for 3 generations following maternal and paternal
transmission. Scientific reports. 2017;7(1):1-15.

22. Maghami S, Zardooz H, Khodagholi F, Binayi F, Ranjbar Saber
R, Hedayati M, et al. Maternal separation blunted spatial memory
formation independent of peripheral and hippocampal insulin con-
tent in young adult male rats. PloS one. 2018;13(10):¢0204731.

23. Welberg LA, Seckl JR, Holmes MC. Inhibition of 11B-hydroxys-
teroid dehydrogenase, the foeto-placental barrier to maternal gluco-
corticoids, permanently programs amygdala GR mRNA expression
and anxiety-like behaviour in the offspring. European Journal of
Neuroscience. 2000;12(3):1047-54.

24. Seckl JR, Christen Y. Hormones, intrauterine health and pro-
gramming: Springer; 2014.

25. Moisiadis VG, Matthews SG. Glucocorticoids and fetal pro-
gramming part 2: mechanisms. Nature Reviews Endocrinology.
2014;10(7):403-11.

26. McGowan PO, Matthews SG. Prenatal stress, glucocorticoids,
and developmental programming of the stress response. Endocrinol-
ogy. 2018;159(1):69-82.

27. Christiansen JJ, Djurhuus CB, Gravholt CH, Iversen P, Chris-
tiansen JS, Schmitz O, et al. Effects of cortisol on carbohydrate,
lipid, and protein metabolism: studies of acute cortisol withdrawal
in adrenocortical failure. The Journal of Clinical Endocrinology &
Metabolism. 2007;92(9):3553-9.

28. Martinac M, Pehar D, Karlovi¢ D, Babi¢ D, Mar¢inko D, Ja-
kovljevi¢ M. Metabolic syndrome, activity of the hypothalamic-pi-
tuitary-adrenal axis and inflammatory mediators in depressive dis-
order. Acta Clinica Croatica. 2014;53(1.):55-70.

29. Paredes S, Ribeiro L. Cortisol: the villain in Metabolic Syn-
drome? Revista da Associagdo Médica Brasileira. 2014;60:84-92.

AV 1801 ) o (T oims

30. Pereira GM, Soares NM, Souza ARd, Becker J, Finkelsztejn
A, Almeida RMMd. Basal cortisol levels and the relationship
with clinical symptoms in multiple sclerosis: a systematic re-
view. Arquivos de neuro-psiquiatria. 2018;76:622-34.

31. D’Asti E, Long H, Tremblay-Mercier J, Grajzer M, Cunnane
SC, Di Marzo V, et al. Maternal dietary fat determines meta-
bolic profile and the magnitude of endocannabinoid inhibition
of the stress response in neonatal rat offspring. Endocrinology.
2010;151(4):1685-94.

32. Sasaki A, De Vega W, St-Cyr S, Pan P, McGowan P. Perinatal
high fat diet alters glucocorticoid signaling and anxiety behavior
in adulthood. Neuroscience. 2013;240:1-12.

33. Lin C, Shao B, Huang H, Zhou Y, Lin Y. Maternal high fat
diet programs stress-induced behavioral disorder in adult off-
spring. Physiology & behavior. 2015;152:119-27.

34. Salimi M, Zardooz H, Khodagholi F, Rostamkhani F, Shaer-
zadeh F. High-fat diet with stress impaired islets’ insulin se-
cretion by reducing plasma estradiol and pancreatic GLUT2
protein levels in rats’ proestrus phase. J Physiol Pharmacol.
2016;67(5):653-66.

35. Sadeghimahalli F, Karbaschi R, Zardooz H, Khodagholi F,
Rostamkhani F. Effect of early life stress on pancreatic isolat-
ed islets’ insulin secretion in young adult male rats subjected to
chronic stress. Endocrine. 2015;48(2):493-503.

36. Binayi F, Moslemi M, Khodagholi F, Hedayati M, Zardooz
H. Long-term high-fat diet disrupts lipid metabolism and causes
inflammation in adult male rats: possible intervention of endo-
plasmic reticulum stress. Archives of Physiology and Biochem-
istry. 2020:1-9.

37. Zardooz H, Sadeghimahalli F, Khodagholi F. Early postna-
tal stress impairs insulin secretion in response to psychological
stress in adult rats. Journal of endocrinological investigation.
2021;44:277-86.

38. Karbaschi R, Zardooz H, Khodagholi F, Dargahi L, Salimi
M, Rashidi F. Maternal high-fat diet intensifies the metabolic
response to stress in male rat offspring. Nutrition & metabolism.
2017;14(1):1-12.

39. Sears B, Perry M. The role of fatty acids in insulin resistance.
Lipids in health and disease. 2015;14(1):1-9.

40. Karbaschi R, Sadeghimahalli F, Zardooz H. Maternal high-
fat diet inversely affects insulin sensitivity in dams and young
adult male rat offspring. Journal of Zhejiang University-SCI-
ENCE B. 2016;17(9):728-32.

41. Cottrell EC, Seckl J. Prenatal stress, glucocorticoids and the
programming of adult disease. Frontiers in behavioral neurosci-
ence. 2009;3:19.

42. Singh M. Mood, food, and obesity. Frontiers in psychology.
2014;5:925.

43. Chen H-F, Su H-M. Exposure to a maternal n-3 fatty acid-de-
ficient diet during brain development provokes excessive hypo-
thalamic—pituitary—adrenal axis responses to stress and behavior-
al indices of depression and anxiety in male rat offspring later in
life. The Journal of nutritional biochemistry. 2013;24(1):70-80.
44. Fernandes MF, Mutch DM, Leri F. The relationship between
fatty acids and different depression-related brain regions, and
their potential role as biomarkers of response to antidepressants.
Nutrients. 2017;9(3):298.

45. Wankhade UD, Zhong Y, Kang P, Alfaro M, Chintapalli SV,
Piccolo BD, et al. Maternal high-fat diet programs offspring liver

.‘./ S0
o2,



https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.1.11.3
https://pejouhesh.sbmu.ac.ir/article-1-3070-en.html

e 5 jslaie alla /A

[ Downloaded from pejouhesh.sbmu.ac.ir on 2025-12-14 ]

[ |?OR: 20.1001.1.17355311.1401.46.1.11.3]

steatosis in a sexually dimorphic manner in association with changes
in gut microbial ecology in mice. Scientific reports. 2018;8(1):1-15.
46. Cao B, Liu C, Zhang Q, Dong Y. Maternal High-Fat Diet Leads
to Non-alcoholic Fatty Liver Disease Through Upregulating Hepatic
SCD1 Expression in Neonate Rats. Frontiers in nutrition. 2020;7.
47. Moolla A, de Boer J, Pavlov D, Amin A, Taylor A, Gilligan L,
et al. Accurate non-invasive diagnosis and staging of non-alcoholic
fatty liver disease using the urinary steroid metabolome. Alimentary
pharmacology & therapeutics. 2020;51(11):1188-97.

48. Drucker WD, Christy NP. The metabolism of steroid hormones in
hepatic disease. Medical Clinics of North America. 1963;47(3):663-
77.

49. McCANN VJ, FULTON TT. Cortisol metabolism in chronic liv-
er disease. The Journal of Clinical Endocrinology & Metabolism.
1975;40(6):1038-44.

50. Gruber L, Hemmerling J, Schiippel V, Miiller M, Boekschoten
MV, Haller D. Maternal High-fat Diet Accelerates Development of
Crohn’s Disease-like Ileitis in TNFAARE/WT Offspring. Inflamma-
tory bowel diseases. 2015;21(9):2016-25.

51. Krahn DD, Gosnell BA, Majchrzak MJ. The anorectic effects of
CRH and restraint stress decrease with repeated exposures. Biologi-
cal psychiatry. 1990;27(10):1094-102.

52. Wijenayake S, Rahman MF, Lum CM, De Vega WC, Sasaki A,
McGowan PO. Maternal high-fat diet induces sex-specific changes
to glucocorticoid and inflammatory signaling in response to corti-
costerone and lipopolysaccharide challenge in adult rat offspring.
Journal of neuroinflammation. 2020;17(1):1-16.

53. Lin C, Wu X, Zhou Y, Shao B, Niu X, Zhang W, et al. Ma-
ternal high-fat diet programs cerebrovascular remodeling in adult
rat offspring. Journal of Cerebral Blood Flow & Metabolism.
2018;38(11):1954-67.

54. Franco J, Fernandes T, Rocha C, Calvino C, Pazos-Moura C,
Lisboa P, et al. Maternal high-fat diet induces obesity and adrenal
and thyroid dysfunction in male rat offspring at weaning. The Jour-

nal of physiology. 2012;590(21):5503-18.

55. Yaribeygi H, Panahi Y, Sahraei H, Johnston TP, Sahebkar A.
The impact of stress on body function: A review. EXCLI journal.
2017;16:1057.

56. Berger I, Werdermann M, Bornstein SR, Steenblock C.
The adrenal gland in stress—Adaptation on a cellular level.
The Journal of steroid biochemistry and molecular biology.
2019;190:198-206.

57. Ulrich-Lai YM, Figueiredo HF, Ostrander MM, Choi DC,
Engeland WC, Herman JP. Chronic stress induces adrenal hy-
perplasia and hypertrophy in a subregion-specific manner.
American journal of physiology-endocrinology and metabolism.
2006;291(5):E965-E73.

58. Rosol TJ, Yarrington JT, Latendresse J, Capen CC. Adrenal
gland: structure, function, and mechanisms of toxicity. Toxico-
logic pathology. 2001;29(1):41-8.

59. Bozzo AA, Soiiez C, Monedero Cobeta I, Rolando N, Ro-
manini M, Lazarte M, et al. Chronic stress effects on adrenal
cortex cellular proliferation in pregnant rats. Int J Morphol.
2011;29(4):1148-57.

60. Wang Y-F, Cheng P-G, Zhang Z-X, Pan L, Zhang F, Liu Y-N,
et al. Effect of maternal high-fat diet before and during pregnan-
cy on bone growth of neonatal offspring rats. Zhongguo Dang
dai er ke za zhi= Chinese Journal of Contemporary Pediatrics.
2014;16(11):1143-8.

61. Oue T, Taira Y, Shima H, Miyazaki E, Puri P. Effect of ante-
natal glucocorticoid administration on insulin-like growth factor
I and II levels in hypoplastic lung in nitrofen-induced congeni-
tal diaphragmatic hernia in rats. Pediatric surgery international.
1999;15(3):175-9.

62. Feng Y, Famuyide M, Bhatt AJ. Dexamethasone decreases
insulin-like growth factor-1 and-II via a glucocorticoid receptor
dependent mechanism in developing rat brain. Neuroendocrinol-
ogy Letters. 2013;34(7).

ACA A A6 Vol 8700



https://dor.isc.ac/dor/20.1001.1.17355311.1401.46.1.11.3
https://pejouhesh.sbmu.ac.ir/article-1-3070-en.html
http://www.tcpdf.org

