[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

~

ORIGINAL ARTICLE

A Comparison of the Effects of Voluntary and Involuntary
Exercise on Behavioral Responses and Serum Levels of IGF-1
and Corticosterone in Ovariectomized Rats with PTSD

Arvin Amiril,
Majid Khanjani 2,
Ali Shoshtari?,
Parsa Seyedpour 4
Kobra Akhondzade 3
Sakineh Shafia®’

1 Veterinarian, Department of Veterinary Medicine, Faculty of Veterinary Medicine, Babol Branch, Islamic Azad University, Babol, Iran
2 Medical Student, Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran
3 General Practitioner, Mazandaran University of Medical Sciences, Sari, Iran
4 Bachelor of Medical Engineering, Department of Medical Engineering and Electrical Engineering, Hadaf Institute of Higher
Education, Sari, Iran
5 Assistant Professor, Department of Physiology, Qom University of Medical Sciences, Qom, Iran.
® Associate Professor, Department of Physiology, Mazandaran University of Medical Sciences, sari, Iran
" Immunogenetic Research Center, Mazandaran University of Medical Sciences, sari, Iran

(Received Septeber 24,2024; Accepted January 20, 2025)

Abstract

Background and purpose: Post-traumatic stress disorder (PTSD) is a psychiatric disorder
caused by traumatic events. Various treatments, including pharmacotherapy and psychotherapy, have
been investigated, but the role of exercise as a promising intervention remains underexplored. From a
neurobiological perspective, PTSD is associated with dysregulation in several brain regions involved
in emotion regulation, memory processing, and fear responses. This study investigates the effects of
voluntary and forced exercise on behavioral responses and serum levels of IGF-1 and corticosterone in
ovariectomized rats with PTSD.

Materials and methods: Fifty-six adult female Wistar rats were randomly selected and kept
under normal laboratory conditions. First, the rats were divided into control and ovariectomized groups.
Ovariectomy was performed under deep anesthesia. After a recovery period, the single prolonged stress
(SPS) method was used to induce PTSD. Rats were subjected to voluntary exercise using a running wheel
or forced exercise on a treadmill. Anxiety was measured using the elevated plus maze, and cognitive
performance was assessed using the Object Recognition Memory Test. Afterward, the animals were
euthanized under deep anesthesia, and serum samples were collected. Corticosterone and IGF-1 levels
were measured by ELISA.

Results: In the control and ovariectomized groups, both types of exercise resulted in decreased
anxiety, with a more pronounced anti-anxiety effect observed in the voluntary exercise group. Voluntary
exercise significantly improved memory in both the control and ovariectomized groups. Forced exercise
also enhanced memory in the ovariectomized group, albeit to a slightly lesser extent than voluntary
exercise. Both types of exercise in the control and ovariectomized groups led to a significant reduction in
serum corticosterone levels. Notably, this reduction was more pronounced with voluntary exercise
compared to forced exercise.

Conclusion: Voluntary exercise effectively reduces anxety, enhances cognitive function, and
modulates physiological stress markers in ovariectomized rats with PTSD.

Keywords: posttraumatic stress disorder (PTSD), exercise, ovariectomy, cognition memory, 1GF-1

J Mazandaran Univ Med Sci 2025; 34 (242): 1-15 (Persian).

Corresponding Author: Sakineh Shafia— Immunogenetic Research Center, Mazandaran University of Medical Sciences,
sari, Iran. (E-mail: srshafia @yahoo.com)



https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

o—djls (— S by ey—Lc ol bl aLas
(F10) ISl Jbo  siawl PIEP olald  @)les § (w293

5Jlin) slo awl pgjlal g gjleial ybj)g pl auylin

L2giS)lgl slo Oy p pu ja YgyiwgSeijgS gIGF-1 alaw g
PTSD a Wivs aaibs

'Sl 29T
I Y ERVES)
TS g o
" 923w L )by dpen
201395 T 55
V7 ledd diuSw

23S

3ol T (b3l 5y o 55 487 ol 2yl 5 (65l (PTSD) aoils 1 g o el ISt 50320 9 sl
d:_iSLAh.\_;\A:éJf)\J_Sw)ﬁ:)}_A INsl el 5 Slays Oy 5 Sleys gols dhes 51 e gladleys 5 45 ga
b iz 53 (ool o LPTSD ¢ (S5 smsns i 51 Aibon (omy p BB (SaS7 alstlte &S5 Ol e 35 5550
503 51 s 2 4l )l 6l jen 313 B 5 slagely 5 alble (B35 etlabus] a5 5 oS e
G 53 08 7 355555 5 (IGF-1) YV o gl 4 iy )56 (g0 o - shams (65155 Slagenly p (5oLl 5 wllbsls
3305 5 5o PTSD 4 M ok o 65 514

JLe Lol 5 5y 9 olsesl 33‘—&5@)}—.&4{)%}3‘}&\{@3“ Oy 0F (g0 andlae ol ya il yhg) 9 3lge
Grons s S By o 515l L o o 515 5 S 05 8 55 s ks (5 AL ST
Ll 5l o 05 . Ad 03leesl PTSD (sldll (ol s (single prolonged stress)SPSS 5 5, 51 (3 s 0533 31 oy (’\””"
s logdeas 5L jleslamal L ol sl s C\:,J\J:».s; S gl uiu')j,(Runningwheel);;\.ajf 'Cﬁ)'\a.stml
o 4 3 43S JolST (g o bl o o (5,5 0310 ity Al 05057 3o b ) (i 5 Slhas
S 68T mer IV gy 4 IGF-1 0300 55555 (6,5 o511 L

s A 4 e Sllbgls 5 ol 3as g5 53 A e S lsl 5 U RS 05 S 55 ol adllhs s slaaily
90,8 09 8 95 ays abil> s gae il 31 Celbaldbgls 555950 5ioLallbyls 25, J1 Js Ldd ol kol
At 3 gy b 15 3558 51 208 Ol 4 ndl ok o 5150 05 8 s 1y Al 55 (6okarl B5s A a5l
303 56 oS ok o 05 i 5SS el 4 5 BB 1S 4 i old 0 sS M5l 5 U RS 05 S 55 2550 538
S e il gls

s oo Sl Ol ksl 65 ge jsba allbgls S5o505 04 5,9 ol adlls by aBl alul g bl
PTSD L ods o 5515l ol e sla 530 53 1y (S50 58 vl s SIS 5 ST o sl 1y s s S
AS o o

S sl 05 o S35 55

E-mail: srshafia @yahoo.com Sty 0aSispliel oy A patone LT 5 03 WA e S 55— Lapdah AiaSam sgino B30
Ol e e b oty oDl 13T ol ¢ SC ol 0l (68 ol )

Ol e sl 0l ptisle (S e o8Cils o STy (g pomtils ¥

ol wuut).u;u&A¢ya@n:¢@w&k.r

Ot el etn YU 35T e 0Bt i ¢S (i 05,5 ¢S (i (o l)1SF

O 5 S e oS3 (55 35 03,5 ol

O pl s s i sle (SCay ke o8l (53 5h 38 03,5 SLls

Ol el e300 (S sl ol il ¢ S5y 0815 ¢S5 il im0 ¥

VERYNN/Y D gl VERYVYO oSl S pl sl 2 VERYAVY D3 sl

» 11€0 10 sidun PIEP s)Ladds «o)lgd 9 (0 8)9> Ohjls S}y ool slGib3)y alas


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

ul)iSem g 5 pel ppagyt

Sl s ol s sl e b e Sl lade
I, PTSD 53 o salice e ;o gl 15 a IGF-1
sl i SSl il ede 5 das ralS
Wdas ol o je Dl bl

Less s om il & he sl (i Glalse) o0
53 odid odalin i sl 4 5 «aldS 5t
Tl QLS (0 S (g olay (Mo 5 65l
o ) e ) sl Sl S 055 5l YL
6-’;—:@4,)3('-@»6431T}45‘-’;3 sias, T Ol bl
345 (63, 50 ASle (055 2l Tk 5o Sl g .l
Sy Wl o hns a5 (S el e o b
Tt 5 ol (Sen a3 36 Sy el 4
i K ) e 30525 4 0L | 45 as
e el e 5 e ol il 055 el o S
5SS oo a2 1y i (e | s (6)ley
090338 (oo Fodamy Oloys & o Somuly 4y

3o cr.ibb ULALf J.aL.& Oleys ol Coua
S S el S5 cmiS sl g, Shes
15 g Lag s 5S same gl Jlays Olgy clalbe s
S s Ol 1 s Lol ol () 558 lo,8) Sl
Huj)\:ﬁra).m:dnou.}b:f v.?)kc EaY
o=l Sl st s (1A e slowl (g3dae il O
SLadses 8 SU Cou ksl sl lagls
ONLS o ok Sldades

S Al G Ol gie 4 (glodl 5 5 sba s
CIld il 0 s 4 LA PTSD @53e &y e 6l
L o Sl (g 55 JB sk 4 Wl S
G b S Sl Sl Al S s 5 G s g
e e s A JalS ee 6 pdCollaal
SORLEL eils CalS pon 4ol Lo past oo 5 Shee
3 La i 51 (55l S50 5058 5 Shee S L
5, e 3 5 5 (10) 451 il 2alS” 5 b
235 O gy Al (i libes e sla aoile

‘}_;.d J‘ audﬁw &‘de)}_.' )}Su C(\V)O:JLJJ)T

o do

POSt- : PTSD) asuils 3| Ly o sl S5
SV 5 9345 Sl (6,5 lews (traumatic stress disorder
N3 g0 3 115 ol a5 S5 b agar o 31 g 3131
s s ¢ Sl 5 Sl (3l b (6l !
9ol jadeia by § oo 4 2 5 Gl 5 CLS s
Sl ol 5 oliliS g5l 4l aneler Jlad g sl (sl 15
DS o Jeassd aral g o3l Sl 5

ki 53 (oolil GUPTSD ( SO5 4 5555 o
Fo Gl 15 5 ol gon (ST e 1 o b
A Dbl (5 (gl bl )l a3 e
po!m@:.mv_@wr:éu'c_wgﬂ_%u
233 (B S 05 4 (e oins Il (la gt
= 5oV s ) goen > Shae 53 It g 0,5 5 5
(S oo ka5 1y o ol Gily 5 (HPA) JU 55T 33 50
=l Sl PTSD (65 5258 5L 5o (ST ol e 5
3550355055 b pf e e M5 o oBis
AU ol e S pila 6l 000 QUIS 2 S
s oo 05 2 555 55 a2l 1 (R 3,10
5 eSG e s 5 alabl o5 il LT 5l 55 S
o150 5 palde Dbl 4 ol (s i s 5 B
(el gl (PO AST ES LS PTSD 4_aints
Sollanil 5 355555 2 N5 et O350
> S 5 s Shee 53,108 3 sl s 2k
AOF)LS o 1y o el r.:)a.s s

(IGF-1) Y o ol ai Ay 5 686 2 )
ol S fdwl g e oS bl OIS s 4
s Gl S IGF-1 LUl 5 .ol Catl Sl 0T s
(el oIS Ul alas 3¢ gz ook JUs! (5o gt
9 5599 S ot e L IGF-1 .(9) — s
AR 4 9 355 0 a8 et 53 gliow (5 y Slan
PTSD L s ,» dble oWstl 5 olis ol
LIGF-1 (VU sl i o2 (1) A8 0 <SS

)}%B)ﬂ«ﬁb%}d‘#‘@db)w)&g

W 11€0 0 sidw] « PIEP a)ladd @)les § (w0 )93

Ohjls (b)) eole slGibily alas


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

PTSD ay 138 sl ©3) 5)38) sla awly y )l § 5HLIAN Jb))g 131 amalis

Sla Ol s 0313 1 3 Ol sV o3 8 8 535055
M) s ol 55 (A8 Sladlas lul 45 ges

a3 YFEY 3 Laoes Oyl o j3 5 S se
5 elids) el \Y) b gypeysn Lol F Sl
033 Jyb 3 idd (6,1u S ((S,L el VY
N30T sl js LS glds 5 O 55 ShlesT
0535 S0 5 3 0dd 2 S sl sla, 23 8
SPS o2 05, ¥ G35
o35S 15l £ ) 5 (single prolonged stress)
adst ke Gy VSl don 5 o plonl Grae (S5 g o
o plol 5 (o2 s dotlite 51 s 5 i ST 22555
S8 05 dhrsts (Gons g o g 1)
OLej U 5 (6osT e p s gl 5 ookl aziS 5
b 53 IGFL 5 05 S5 ,555 68 o5l

LS (M Jpol ol Ll tale T S
Sy B a8 e LT Sl 5
G STl 5 s plondl O35l (ST ke o
Ad O ge (IRMAZUMS.AEC.1402.053)

Al T slaes S

f 4 4S (Control) J =5 glacs, 09,8 (Cal
HEER B V""‘A’ o,J?

S i 55,5 4—S NSPSoy, S
.(NSPS-Sedentary) - (CON/NSPS-SED)

(SPS-) 48" a5 5,5 4S SPS oy, 5 ¥
Sedentary (CON/SPS-SED

ins o plasl w35 255545 SPS 05 8 Y
(SPS-Tread mill ) (CON/SPS-TR)

das e el ol 255 & SPS 055 ¥
(SPS- Running wheel) - (CON/SPS-RW)

(Ovariectomy) g 55,151 glasy e5,5 (o
S o o3 S F aasS

S i 5iys4—S NSPSey, S
(NSPS-Sedentary) — (OVX/NSPS-SED)

LS L OOHPA 5 > 5, Sles s VA(BDNF)
Soos e Ol SIS oSS Sl gla b,
PTSD L ks e slacanT  Jawste i b (550!
ol s LQLAQJ BL w‘_e-r_% 9 (Y')J—; 6\—&&) BE
ui:j)) YNl ol & 03l OLES ol @f{J‘}\
o, Sb o LS G b 5l s ool
St s o el oyt alS 4o (Ko 5, 8
YL o PTSD i iU slacawT 5 absl>
oaly glacanT ol )36 Lawgme S L 55
SalS L e gonls 2alSTly L8 s hhe
0t 08 Lz 53 0570 58555 b Dbl 0505 90
e 30 ol 51 30 )l T 500 5 5
(YO-YVY Y 4\").'\.5:\.3 ails

RS slad shw d4b o i 059 fwl :}Tgf
4SS5 )15 s s el o me 53 65 e
(Y)Wlesls ol | (Kasl

Lyl a4 5 L oS ol e Il Lol
5 (Sl (i Slr 558 o Sl ey (55
SUS o bl 65 50 Gy 505 g5 ¢14S PTSD
Q‘}_;;A._faj‘}m‘ev\.i @jf)\ﬂ Lﬁ‘f’w 6‘-‘"}:‘}‘
o Dl alllan (51 (Kl 2T dube
O3S aS ol s dor 55 b i g go 05linal (S5
Slaslin D50 4y ol b L3 o Glay 556 o)
ol plawil (gLl 5 L A5 5 90 4 el s
S e S i STy asdlas ool 5o 1A g
J))}‘\_l}\u\.ﬂ 4_:}&{_:5\/:3;&:\}_'»4_:;_.‘3\1

A aalllae gl 5 (55l

L o9, 9 slge
g‘_?)_}_i oslae le_hui}_ﬁ cwﬁd aIlae u—i‘ BE)
ap SX Y0 555 S0ka bl 5 515 AL 5T

/\(Q\}_?-bf‘ .J‘J_’Jd.g) L g\.&:’:ﬁl @JL@J O e

11€0 0 siaw] « PIEP a)ladd @)lgd § (o )93

ohsjls (Sb)y eole oGS dlas 'S


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

ul)iSem g 5 pel ppagyt

ez oS5 Sl Running Wheel o&ews )

05,5 SPS 3l e a5V i oslinal 0L 1 28
P s ols 5 T LY ol (oo
o y5 win P Dde 4 e Lk 13T OB W
@S 8 5,308 0 S a b o) o
’}}Q";CJ—?A—BM‘"’)J—“&J—JJ}J’)’
Frr S Sl med s as Y (s s
sl (o gl Vo v Jasms L) LIS WS 51015 8
S0 4 48 bl LIS K w5 2 2 g3 0dd
"M}M‘AJ‘J—;OB—?MO)H&)M

J};J%)‘J‘JGAQL&J‘J U’:""J’-.

UI—:‘)fﬁj/a-’&:—“/Lf'L“,}:‘ijl—:.’/ujj)}
(Treadmill)
WCJJJJJ\:;—LALSSJJJ:AJ_; oli';w.)j‘
Ay S sl &5‘2533{’:“‘?‘”‘9“”‘.‘ b,y s ool
Wi ¥ Ods ayibwgie 5555005k S0y aw Sl ey
JQJ_ZA\' s"_&ﬂ\.gj))).}‘\.&..}}“')j))b mjm

049) s plol (42>

S sl osdleay jlo olSns dhss 4 N o) Co
(Elevated plus maze EPM) 7«
Sl i) S

5485 Caamud 4d) Cfﬁf SlogMea 3l ys Ol s
aidsd S a5 o 815 Gl )
Sl elarsibas gy J—S sl gla ml)ly
a3y, J—S sli—= «(OAE: Open Arm Entry)
Ol jds (Close Arm Entry :CAE) 4t o)l
«(Open Arm Time:OAT) ;Lo clasil 4o 0usle
Close Artm :CAE) aw sla 550 53 Ol Oy Sk
a5y sl Pl LS Dladlae Gb i 5 (Time
Gl a3l 53 e ddi(g e s ol 531 5 5L 6950
B s e 53 bl LS s

K R

S w5 5,s4—S NSPSoy, S
SPS-Sedentary (OVX/SPS-SED)

.Ll.&:w (abu‘ J:.a:_; d;).)) 4« SPS a}‘)f—“
(SPS-Tread mill (OVX/SPS-TR)

..LJAJG_A Cbu‘ Lg)\.:b-‘ ui:j)) 4 SPS a}ﬁ—?
(SPS-Running wheel) (OVX/SPS-RW)

sz 48 el NONSPS o5 5 Glea NSPS o5 5

355 _a3 PTSD

ok o555l i po Sko S L s
Ver) el das s e (g Sl A
i3 5 (0dn 055 0 8 S a1l p 8 e
Slase (0 05505 kS 2 13l 4 p 8 e Y/O)
B S v
DY 5 Gy ol dlsas 4 05 5 Sie s
500 I LoDl diasnd s A 03l by Dlude
Sl ey A Saie il 3l b s se 4l
Sla s 55 SUl g (C gy 9 SDlze Y 055
3V ey s L esls JLsl K0 s 4 (o0 L4
R G5 Sze aMOlkg /D eSS ke (55515
O (g 3l o Al oslil (6355 o Ty gl
Sl - PTSD slaest b «¥)(o35, Y0 ) (63 5ug0 093

AL PTSDLSLE.H YY Soy 00 9 LA o3beT alsfote Ls‘f.

Gingle prolonged stress )SPS & & j/PTSD sl /
ST 3 Sl ¥ Sods 40 Ol g 05 503 5 gudes
salS 5 4ads ¥+ Sus 4 Forced swim destrainer
099 (sl 5 53 o 9 A plaedl ST (6550
oo 53 SUl g 59,V Sods 4 Sgkd 5 SaasT
DLk Olayla

o5 e ol il olid Ly (55 L s

(Running Wheel )

0 11€0 0 sidw] « PIEP a)ladd @)les § (w0 )93

Ohjls (b)) eole slGibily alas


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

PTSD ay 138 sl ©3) 5)38) sla awly y )l § 5HLIAN Jb))g 131 amalis

a8 505 OLES (Y o plais yls 503) OAT s 5 duws i
s Olaj Sds 28 EelbSPS J 55705 5 5s
(F721=V VAYAP= /40 )) Cl o3l 5500 5o
A S ol Sl e Sl 3 el 35 5
35 (Fr21=¥ JAFY (P=+/v v+ ) Gl ods J 25705 S
Il el (5l sk n S sl 05,5
5303, SPS 05 8 4 L OAT sy s gne
(P=+/er0)us

dedk

50 4

AT %

20 4

10 4

Control ovariectomy

O NSPS-SED MSPS-SED OSPS-TR ESPS-RW

Ol ke bl 5 bl 2555 51 amlie 1) o5l s1og08
S lsl 5 IS U;f s Oy o 5L sl o sl
09,8 L jlsime M (P=2/o V) % 5 (P=o/sYY) *

CON/NSPS-SED
OVX/SPSSED 5,5 b jl5 sne CoMast| (P=v/000) **

sl 0 )bl 5 sola] i s ) awlis
jJ/._L'}/aj/._(‘;LAQJJJ(OAE) MJJ&/JL)/
5Ly

315 OL&S (Y o lei 4l 503) OAE dp s dwlis
gyl 2alS E el SPS J S 05 8 s &S
(Fr21=VO/VFA P=+ /v v oV )l ol 5L (695l
SALS) Ol sl ls e ol b1 sl oo Sl
0l J 28 05 8§ 4 CwiSPS 05 5 5 (OAE dw s
(Fr2a= AY/YEY P=v /v v ) ol
el sl ol s S e, s
05,5 45 i SPS 05,8 )3 OAE s ys Lls gne

35S sl 05,8 3 P=2/¥e) s 53y & SPS

( ORMT Object Recognition Memory Test )
S 3k sl alsT sladie gl 51 (SO
i 88 ot i3 (Sl 15 O g ol 5
J‘JL_")‘ A.w)j: Cf-t‘)" .L.{Ls.d L?’LL))| .]a.:?u: BE] .Xi.\:-
sl S Test (Familiarization . Habituation
R Es 8 )5 toiw 3y se )

3 2 Ol ;s Time exploring Novel Object
R CaiS (gl el

Ol josds : Time exploring Familiar Object
LS'LI; - ais LS‘J{ ol u}.,é

L Ol g 2 ! = :((DDDiscrimination Index

TN/TNHTF s aloes 55 Jse p oyl

22 \GF-L 5 0520380 65 (515 o 14T

Ol e s S o3l C g 15N g,
N oy s ealiad o 3 IGF-1 5 O3 w585, 55
433 ¥ 5k Al o8 s 035 554 il
S o3l g ol T s p o caids Yo e
Jordly gy Gltae 150V gy 4 0 e 5SG5 557
et GLT Zell bio o875 &S 55 5 2 5

DAL ol 5 0 j2ei 4
Laesls Ila 5 Js 4 laosls o 5 4 5 5o
b b aw bl IUT) bty JIUT (slad se)T
s—x5 0531 315 (Ovariectomy xSPS x Bxercise
a SleMbl s esli .l (tukey )(Post-Hoc)
soeds Sl og, S gl o (MeantSEM) &, 4o

s s § 5P /00 Lls ae el

slayls, ol g ola) s ) awlis
S50y, S el 45 (0AT) s s sl
oSl

11€0 10 siaw] « PIEP a)Ladd @)les § (w0 )0

oOhsdjls Siby eole oG )s alas %


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

ul)iSem g 5 pel ppagyt

NSPS 05,8 a4 o alabl I3 —me tal S
08§35 338 (o 5S 058 53 (P=e/0) s
5503 05,5 4 DI ls s 211 sy

(P=v/e o)) 5 P=v/o oY) s

80 4 *k
70 4
60 1
50 4
40 4

30 4

Discriminationindex (%)

20 1

10

Control ‘ovariectomy

ONSPS-SED ESPS-SED OSPS-TR ESPS-RW

Lﬁbﬂd)\.:‘&\}d)l.g-\ JZ)J}JJ‘ 4..42.» :ré)h&}'é’d

S lsl 5 IS 05 8 glacs, 45 (ORMT) ostlis

05,5 Ll gme M| (P=v/orss\)* g (( P=o/es\)*
CON/NSPS-SED

055 Ll ginn S| (P /o )% (P /ol ) %
CON/SPS-SED

OVXINSPS-SED o5 5 U s sme CsDust| (P=2/0\+) ¥*%

03,5 L ls gne D) (P=r/eoN) # 5 (P=o/o V) #
OVX/SPS-SED

I s ol 5 Soloa] 2505 ) gl
s dies, S el ol 13 pwdp Sy sS
5l
pe O3 e 5555 55 Ol e aglin 3
il 8 e SPS uli ede i (F o lads 5l 5ad)
25,75 40 L e O 7 35555 Ol jn 13 e
o =S )l gl (Fraa=Yv+/fa¥ P=+/+++3) 0 i NSPS
2575 33 p e 09 738555 Ol ul 1 Lol 35
P=+/+++1) AENSPS J,=5 05 5 4 s NSPS
303 e 83 A =S 05,5 53 (Fr21=F+V/f54
2975 4 S p o 09 0 355555 Ol 2alS” sl

Ol Sl 781 .P=v/e v V) 55,5 & SPS

e o mre Sl Sl oL 2o
ugj-‘zj)ﬁj:&°);4—[&:~.-«~; SPS@};S/)JOAE
ﬁ&)@‘u:).)};‘u—#}if)‘)‘a})fj_g,(P=./...\)
5 S e Sl e Sy o 4 OAE s ys il 3

P=r/v V) s e ool s

dedk

80 4

70 4

50 4

OAE %

40 4

30 4

20 4

10 4

Control ovariectomy
ONSPS-SED MSPS-SED O SPS-TR EISPS-RW

Loys ol s obl Sios S awlie Y oslad H19ge
Sl 5 U8 0s 8 sla O 53 5L a3l 4 sass sl
0535 Ll tae M (P=e/v v e V) * 5 (P=e/o V) *
CON/NSPS-SED

05,8 L yls tan Ol (Pr/oa s \) *% 5 (Pa/oys) %%

CON/SPS-SED
OVXINSPS-SED o5 Sb I3 sns C3Mast| (P=v/e s )) **%

OVXISPS-SED o3 5 L ,ls sne oDl (P=+/vee)) #
OVXISPS TR 05 8 U 4ls gme Mt ! (P=e/ov)) ##

sld dbil o o)l g ol s ) dglis
osSlsl 5 S0 8 sle ) s
(Y’o)Lq_.il )‘.}}_A.;) (DI) u.il_.»l...:: u"“f'L“i‘ AMA-".LEA

A S alibl> )l.su.:;u u:,.aslf el SPS sls olis

_(F7211=FI\/7*:9 P=v/v s \) Sl o NSPS ojj_?

05,5 33Dl Jls me 2alS Eeli s Sl
P=+/v 00 )) el ods J S 05,5 4 i NSPS
el ol 559 S 0s 8 s (Fraa=AYVaD
5335 03,5 4 LeiSPS 05 8 55 DI il 3
absl> Hls gxe Al tel oo g8 0ol (P=2/000 )
ot J =8 05,8 ey S (B 0s 0,5 o
EebSPS s S ,lslog, 8 53 .(P=r/r ¥l

Y 11€0 0 sidw] « PIEP a)ladd @)les § (w0 )93

Ohjls (b)) eole slGibily alas


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

PTSD ay 138 sl ©3) 5)38) sla awly y )l § 5HLIAN Jb))g 131 amalis

PRI STRS YIS UG oo IGF-L Ol 2ol 31
SPS oS lsl 05,5 53 .(P=2/21) 5 (P=+/200) i
NSPS ¢5,8 4 Coa p s IGF-1 Ol e 28l sl
jj)}j.’ﬂ)—é&\’—?{)‘j‘ o)f).ﬁ (P=+/2¥%) Wi
0555 4 S p o IGF-1 Ol 30 13 gime 2l 31 Eosl

P/ A (5555 oo 0 551

dk
*k #

Fedkk

Serum IGF-1 (ng/ml)

Control ovariectomy
CONSPS-SED MSPS-SED [OSPS-TR BESPS-RW
Ol S5 ol G20 1 e I 03k 513905
=
@ﬁ)‘}‘}J,‘Sa};&u C))):r).wleF-l

05,5 b sls gme DMt (P=2/oaV) * 5 (P=o/os\)*
CON/NSPS-SED

03 8 L yls gme 3Dast) (P=+/s 0 1)) ¥% 5 (P=v/otye) **
CON/SPS-SED

OVXINSPS-SED o35 L jls e CsDhust| (P=v/onsy) ***

OVXINSPS-SED o355 L yls gme oDust| (P=/vv0) #
3 - )

9 IGF-1 s — Cﬂ)a - ng)l "é) Lguc “'Lf:

skd o Sl ) e Sl sn 0> 05 SIS
Slagly Jdo 5 a2 S o 2 PTSD 4 S
st $ BB asba ool 55548 5l Ol (6,8
05,5 333,048 o 3b Ul sl b s e sla b
LS s e 555 90 A sSolsl 5 J RS
S (Y 5Y o)les layls ) dd Ol sl s
A odalin aldbsls 2555 5550 ol ksl us
OSen 5560 adllas baw 5 5l anllas glaassl

jj)}d-\_‘;abbblﬂﬁjw‘ o .Lﬁ'\j'(\’.\q)

s SPS g0 58 M5l 05,5 53 w0350 5555
35 (P=r/v V) Al o s ae SPS U S 05 £ 4
PRLS el B30 95 a5 oS sl 0s S
SPS 05,5 43 o p e 03 7w 55555 Ol l3 smn
AU oS sl 05,8 53 P=r/v s DAs 55,5 8
S o 03 5SS 555 Olen 1 L) B30

.(P='/' . '\) A“_au.:l‘b )‘JL;‘;M g_'}yb-‘ LgJL,"" u;J)j

*kk

* %k

1itrol ovariectomy

iPS-SED B SPS-SED [SPS-TR ESPS-RW
Ol ol 5 olart iis Sl dcmslint) o slond 513ge5
S 5 S 05 8 Gl 5 p e 037 555558
CON/NSPS-SED o5 8 L I3 gme oMast| (P=o/os ) *
CON/SPS-SED o3 5 L ,ls gme CoDhust| (P=r/os ) **
CON/SPSTR o3 8L I3 me oust) (P=s /v e )) 5%
OVXINSPS-SED o3 5 L ,ls sne oust| ( P=o/ovs\)#
OVX/SPS-SED o5 8 L ,ls gme (oMl (P=v/v o)) #

OVXISPS TR 03 5 i yls gre CoMast| (P=2/ o)) ##

IGF-1 O/ o ol 5 solal i T gl
S 5 S 08 (slo Sy g o
L5 (Bo sl 15 g03) p o IGF-1 O 0 aylie
S p s IGF-1 Ol 50 5l oo [2alS” Lol SPS ol
(Fr21=F¥/+4 P=+/++\)a__&NSPS oy, $ 4
o IGF-L Ol la gme 2alS el 5 (0 5,1
P=+/++V) Lz NSPS J =8 4 Caui NSPS 05 £ 5

el S CJJ):JMJJ;SUJ?): ( Fraa1=0V/+%

11€0 0 siaw] « PIEP a)ladd @)lgd § (o )93

ohsjls (Sb)y eole oGS dlas A


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

ul)iSem g 5 pel ppagyt

salie glallbas j3 a8 oSS ksl gl s,
Lober! foos ddedalin ol anlllas L Lial o
Uil s ol sl S, JialS Eel bw g s
Lssst ol aS 558 o slS 5 53 BDNF 0L
3l Jrl s o S 5 A 6 2 OLan)
)3 55 0l s Sl g 53 Oloys 4 55 ey

50T 5 Shas 5 alS gon oo PTSD
i 5 (F)3,108 o 36 5,8 5L 5l L LS|
ST 558 (P55 s HPA [ goue 5 Shes o5 &
03 ool A 5 gomn ol 53 (955K 0iS
5 &S Sl 5 55 002,15 PTSD (6550 515 55
s 3 Shas (Bl ol sl Slads S0 5o, 50
N A5 G 05 e 55,5 5 sk 5 HPA
e iz SO0 ol sk 5 VLS
(PN, S e ol sl acs glals, LIl 4
LPTSD a Mase sl 51 a8 Sl Ll LB oyl b
e s pr (i S0 gy sm b OB
(PP Ll QLA Ty (g s

e g (5 f 5 93 p ol el o
dodh o s S gl 5 U, 65,8 53 a5 1, IGF-L
IGF-1 o 2l 31 S sl (il 31 g 58 BB 50
o= IGF-L VL shaw 5 g0 5o bl 555 L
SR S P N WL | P LN TP | R S PR
Oy LS s |y s oS Cliblous ‘5L»‘,M:;\§A
PTSD ay S 51 31 61 15 (Sless sl o e sl )5k
Yo gl 53 01K 3 Aguirme asdlas s .oas &1y
B IGF-1 a8 sl 0L 5 s 3L pilie mls 5
Lol s glas Shas 5 &S i pydis 53 sogr
(FO)LS o

GIGF-L o o b S5 Sl adlllas ol
o elaasl U 505 5 .cuils Sul&> SPS JLs
Tl s o5t & 655 addllan ol (G
i) 3 5| (S5l Ll sla len 45 IGF-1
5556 b 2alS Ky 3505 88 0 bog 551 g

By g 55 (6 gn 3 Shos Rl 3IL (S5
YN Wl g5 e PTSD (sla Juds olS 5o )5
wlin )sb a4 (M) Lidw 550 |y (LS 5 (2 505
Sl 59 45 Al s (Y4 YY) 0, 5 Wright
9485 oo a1, PTSD s L;Jﬂaﬁdw‘jvjw
QL@L:SJW)HJGZ.L,Q_:JMJLBJA\ o)
(F)AS oo a5 Ol g5

5Ll ¢ sLias absl= PTSD 0l yley 5
b s > Sles Vb 0 2ol ol bl
OT 53 aS eldl josde &5 alibls O 50T 5l osliul
55 7l Slas Hlwe Ol e 4 (D) plulis jesla
313 0L gl 3 8 S5 sl sy b ad 8 L
33 2 315Dl g 5 BB sk 4 slbsls 2555 45
213 3a0) Ay o 3 g 0ok o S5l 5 S S 05 8
QLY A Jle s 0L, sHuang asdlas (¥ o )l
s 35,5 05 Lol llbgls Oy gs 5751
N3 55 oo Jliln sla g0 53 olids Sl g

L) Sl 08 e S5, ol arlllas s
N3 gad) i 8 050l (S5 b el Gy
05,5 55 bl s aslbyls 55 55 o (F oyl
T a5 B alS g e e g5 ll 5 J S
el SIS 0k s QL oS A p e O e 555558
23 allbsls 5555 el pl il o (55 558
Tl LS o 555 ol A5 L a s
03054 das e OLaS 0 s S, S
Jidai 1y ool 4 HPA | g2ea 'cwg Ll 55 oo AU 5l
LPTSD L Lo e (5505058 o33 5l (50 5 S
s D Npb 5,8 5 es e el
S 5 D sl iy 05,5588
A_;Sbjaj_mé\)yljh_@\)zrfjasj_bc}b
G b 5 5555 T3 5 e JIASAT 5 snlS g
Sa e s, Skas 3y A ST il ialS
BDNF «(W) ;55T 555 5 (1) 00 555 o Sls s

ui.asl_fdt_:.x_ﬂj:d_n(\‘\)HPA)};u:J_ﬁ}.&j

q 11€0 0 sidw] « PIEP a)ladd @)les § (w0 )93

Ohjls (b)) eole slGibily alas


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

PTSD ay 138 sl ©3) 5)38) sla awly y )l § 5HLIAN Jb))g 131 amalis

62305 0V)33,5 (o N sl J 5S4 i 0358 00
oS e Jale &K S sl s s, 6 4 IGF-1
Al el b e Slas)ley 4 05 g s )3
o gl S s gV gn 53 (1S ysl sl
0 OT el (S50 Sl Jods 5 itaas o ol
09555 o 3LgigPTSD Jlaz| Oleys & 0 5o
i lagely 5> GonS ol Glals) 55 B =
Jlazt ol 5 Cml 0dd ase i Lo,y 53 PTSD
o Fly J ST 53 a0 g,y 55 ol A 47 5505 5 s
V)5 44 é;jut:ﬁ IGF-1 Luw g ozl

53315 0L bl 5 ol FSos o aelan
RSP FOPXWIRGH B VRGO [P (WP L g
Sl s sloml 4 6 5 5 Jiles allbgls 5555 L
s lss Shs ol sl JialS jsasg 6
5037 555055 s dile (055055 slo Sl
FRPETEE a)_:isl Jds sl (S oyl 3,05 IGF-1
Al g e 48T AL alb sl 5555 L ke e IR
D e Flas bl s fe gl 4 e

o pde o3y Foos Ul ke Lo Oladlas
s Bjorkman (Jlie Ol s 4.l 03 S 59, PTSD
5 S et i p S Y Y J 5 Ekblom
O\A))&Q‘}’&Q\)@QJ}J}JV\JJ‘J(\QJ};UTKA
Gl aS sl 0lis 355 2 PTSD (¢l j3e
5 OBl atils (g i Ll 88 el SKae VL 5555
YoYF Dl s 01, 5 Gourshettiwar caulie b 4
3 St ¢ 53 bl 5 il 555 48 AL
s o GSATPTSD Oyl ya ) ST s Y
OO)AS oo Colam Sl S Sleys i )

s asl als  albsls s 5ot AU
P s el (s, Slas o
e Ol s a G Sl G5l 5 (633 Dloear
AS o a5 PTSD & pie slas3! sl

Rl B S HPA ) e > s o Esly o

g LS o 5 LDl 0 S5, e

Iz 4 JUss b oy o558 5 ol gen 3 IGF-L
O, Ken 5 BUrgdorf axflas .(£5)3 55 o il L agr! 4o
L =i ssban p s IGF-L elaw 457 ol 0> 0L
(V) o o OLLI ;3 PTSD (slaailis Oly tals
033 by 487 ol @il Ol 5 (6,555 asdllae
ol g5 a1 31 Dl 6l 15 a5 IGF-L b
23 (LS s 22 PTSDakaz I (ol sl 55 sla
Gl SIGFL m sl 2al ST Sl s Dlallls
Gl s 53 5008 A 5 Sl ksl slaailis
IR 5 ol aadllas L Ll jon (F) el 0l o o
‘,.l;;_ﬂL;yﬁu:j”g,f:p;)l;\ﬁmb&@,Uysal
ol 2l 5l gl OLas 1y Jlg po a8 5 (S gud
IGF- ela ol 331 (POl CySoIGF-1 pula
JLss (Dentate gyrus)sl asiass c&.‘z,)_;upl
568 L sladl b e DI L B
ol S L g e 53 aS (0)Aas oo QLA |y abasl>
Ol a5 G b SHIGR-1 ol 51 aiil o Lo anllas
Al e BT (s 585355555 (sl s s
A 8l (oolgiiy slse 51 (SO BDNF (i
SIS OT Go b 51 Wl IGF-1 5 oo loows iy s
S 5SS S S (lay gy 0Ly Ske YL
L 0L ys 51wy BDNF 0Ly sl asils CwlS gun 55
jlw_;u),‘}_ﬁ&:v_bﬁr_”@m_mlepl
OVl o il 1 IGF-1 2l 53!
ssboe g b p opl Ros Dbt
o S 5 3 il Ssly 55 8 551Gl &S
Cdld Jodos dbowy a0 Jos ol 51 cidu Sl 5 550
3,8 o+ &, 50 (FK506 binding protein 5) FKBP5
(h o e 487515 DL Ol ea 5 Santi aslas
b Slagal 55 (age 0l S a5 Jale IGF-L
o Slein s S uslSa gy p (FMLEL oo O o)
s Il 53 8 55 IGF-L s o 0lii s Shae
JS L 0T 5l s Yol 475,108 o 5IHPA
J =S iy 55568 oS I Lo 5 45 FKBPS oL

11€0 0 sidw] « PIEP a)ladd @)les § (w0 )93

ohsjls (3 eole alGibily alas lo


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

1

ul)iSem g 5 pel ppagyt

S 3Sowlow
OLL Sl 7 e Sl = b Jool dlis )
aldy (g omeiils 4 Glate VIO o el 44 O gurn 4ol
by aS asl o Slosils o LT i
S p e oSl (555l 5 Sl Cglas
Sl el (85 5yl Sl 5 0) O3
Sl (5L Ko Gl gl il oS

- Z .. . I
‘_;L&ﬁ(aj_lﬁa&_&;‘: ijb)uu:bu (aJ_::’uz
ol 03 S8 gl Dl 1S e 5 OISl

.nf@ 1548 asllae

References

Bisson JI, OIff M. Prevention and treatment of
PTSD: the current evidence base. Eur J
Psychotraumatol 2021;12(1): PMID: 1824381
349927309.

Krystal JH, Davis LL, Neylan TC, Raskind
MA, Schnurr PP, Stein MB, et al. It is time to
address the crisis in the pharmacotherapy of
posttraumatic stress disorder: a consensus
statement of the PTSD psychopharmacology
working group. Biol Psychiatry 2017; 82(7):
e51-e59.

Al Jowf GI, Ahmed ZT, Reijnders RA, de
Nijs L, Eijssen LMT. To Predict, Prevent,
and Manage Post-Traumatic Stress Disorder
(PTSD): A Review of Pathophysiology,
Treatment, and Biomarkers. Int J Mol Sci
2023; 24(6):5238 PMID: 36982313.

Aliev G, Beeraka NM, Nikolenko WN,
Svistunov AA, Rozhnova T, Kostyuk S, e tal.
Neurophysiology and  Psychopathology
Underlying PTSD and Recent Insights into
the PTSD Therapies—A Comprehensive
Review. J Clin Med 2020; 9(9): 2951.

Kim TD, Lee S, Yoon S. Inflammation in
Post-Traumatic Stress Disorder (PTSD): A

Review of Potential Correlates of PTSD with

el 4800, 8 W G S5 5 556
absl- 2alS 5 Ol bl 2058 O s s i
35 a Lhedalin 0y 0 sl Oy yy sl
SIS Sl e 035 U G b S| 505 £
IS o 531 5 il (6,8 S s s
el abl 54 5 Ol bl 2alS Eel IGF-1
PTSD Sleys gl S5 53 L3505 0blnS . Lids
SN e Sl 213 3 S0 S Wl s
S 2l 5 9013 4 K51 o sdl sb 4 5 das 41

s 2l 0T ks

a Neurological Perspective. Antioxidants
2020; 9(2):107 PMID: 31991875.

Arjunan A, Sah DK, Woo M, Song J.
Identification of the molecular mechanism of
insulin-like growth factor-1 (IGF-1): a promising
therapeutic target for neurodegenerative diseases
associated with metabolic syndrome. Cell Biosci
2023; 13(1): 16.

Montivero AJ, Ghersi MS, Silvero C MJ,
Artur de la Villarmois E, Catalan-Figueroa J,
Herrera M, et al. Early IGF-1 Gene Therapy
Prevented Oxidative Stress and Cognitive
Deficits Induced by Traumatic Brain Injury.
Front Pharmacol 2021; 12: PMID: 672392.
Gogos A, Ney LJ, Seymour N, Van Rheenen
TE, Felmingham KL. Sex differences in
schizophrenia,  bipolar  disorder, and
post-traumatic stress disorder: Are gonadal
hormones the link? Br J Pharmacol 2019;
176(21): 4119-4135 PMID: 30658014.

Ney LJ, Gogos A, Hsu C-MK, Felmingham
KL. An alternative theory for hormone effects
on sex differences in PTSD: The role of
heightened sex hormones during trauma.
Psychoneuroendocrinology 2019; 109: 104416
PMID: 31472433,

I 11€0 0 sidw] « PIEP a)ladd @)les § (w0 )93

Ohjls (b)) eole slGibily alas


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

PTSD a Wiss slo ) 5)38) eslo awly 1 5)sl g ()LIA1 gbj)g 131 awslis

10.

11.

12.

13.

14.

15.

16.

Pooley AE, Benjamin RC, Sreedhar S, Eagle
AL, Robison AJ, Mazei-Robison MS, et al. Sex
differences in the traumatic stress response:
PTSD symptoms in women recapitulated in
female rats. Biol Sex Differ 2018; 9(1): 31
PMID: 29976248.

Hendriksen H, Olivier B, Oosting RS. From
non-pharmacological treatments for post-
traumatic stress disorder to novel therapeutic
targets. Eur J Pharmacol 2014; 732: 139-158
PMID: 24698651.

Mahmoud R, Wainwright SR, Chaiton JA,
Lieblich SE, Galea LA. Ovarian hormones,
but not fluoxetine, impart resilience within a
chronic unpredictable stress model in middle-
aged female rats .Neuropharmacology 2016;
107: 278-293 PMID: 27018449.

Hall KS, Morey MC, Beckham JC, Bosworth
HB, Sloane R, Pieper CF, et al. Warrior
Wellness: A Randomized Controlled Pilot
Trial of the Effects of Exercise on Physical
Function and Clinical Health Risk Factors in
Older Military Veterans With PTSD. J
Gerontol A Biol Sci Med Sci 2020; 75(11):
2130-2138 PMID: 316463309.

Seo JH, Park HS, Park SS, Kim CJ, Kim DH,
Kim TW. Physical exercise ameliorates
psychiatric  disorders and  cognitive
dysfunctions by hippocampal mitochondrial
function and neuroplasticity in post-traumatic
stress disorder. BExperimental Neurology
2019; 322: PMID: 113043.

Salim S, Sarraj N, Taneja M, Saha K, Tejada-
Simon MV, Chugh G. Moderate treadmill
exercise prevents oxidative stress-induced
anxiety-like behavior in rats. Behav Brain Res
2010; 208(2): 545-552 PMID: 20064565.
Greenwood B, Kennedy S, Smith T,
Campeau S, Day H, Fleshner M. Voluntary

freewheel running selectively modulates

17.

18.

19.

20.

21.

22.

catecholamine content in peripheral tissue and
c-Fos expression in the central sympathetic
circuit following exposure to uncontrollable
stress in rats. Neuroscience 2003; 1 20(1):
269-281 PMID: 12849759.

Stranahan AM, ZhouY, Martin B, Maudsley S.
Pharmacomimetics  of  exercise:  novel
approaches  for  hippocampally-targeted
neuroprotective agents .Curr Med Chem 2009;
16(35): 4668-4678 PMID: 19903142.

Li Y, Luikart BW, Bimnbaum S, Chen J,
Kwon C-H, Kernie SG, et al. TrkB regulates
hippocampal neurogenesis and governs
sensitivity to antidepressive treatment. Neuron
2008; 59(3): 399-412 PMID: 18701066.

Droste S,Schweizer M, Ulbricht S, Reul J.
Long-term voluntary exercise and the mouse
hypothalamic-pituitary-adrenocortical ~ axis:
Impact of concurrent treatment with the
antidepressant drug tianeptine. J
Neuroendocrinol 2006; 18(12): 915-925 PMID:
17076767.

Shafia S, Vafaei AA, RashidRy-Pour A.
Effects of moderate treadmill exercise and
fluoxetine on spatial memory and serum
BDNF levels in an animal model of post-
traumatic stress disorder. J Mazandaran Univ
Med Sci 2019; 29(179): 1-17.(persian)
Yakhkeshi R, Roshani F, Akhoundzadeh K,
Shafia S. Effect of treadmill exercise on
serum corticosterone, serum and
hippocampal BDNF, hippocampal apoptosis
and anxiety behavior in an ovariectomized
rat model of post-traumatic stress disorder
(PTSD). Physio Behav 2022; 243: 113629
PMID: 34743976.

Yoon KJ, Park S, Kwak SH, Moon HY.
Effects of Woluntary Running Wheel

Bxercise-Induced Extracellular Vesicles on

11€0 0 sidw] « PIEP a)ladd @)les § (w0 )93

ohjls (S ol GRS dlas P


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

ulilSam g 5ol pagsk

23.

24.

25.

26.

27.

28.

Anxety. Front Mol Neurosci 2021; 14
665800 PMID: 34276303.

Huang YQ, Wu C, He XF, Wu D, He X
Liang FY, et al. Effects of voluntary wheel-
running types on hippocampal neurogenesis
and spatial cognition in middle-aged mice.
Front Cell Neurosci 2018; 12:177 PMID:
29997480.

Tanichi M, Toda H, Shimizu K, Koga M,
Saito T, Enomoto S, et al. Differential effects
of voluntary wheel running and toy rotation
on the mRNA expression of neurotrophic
factors and FKBP5 in a post-traumatic stress
disorder rat model with the shuttle-box task.
Biochem Biophys Res Commun 2018;
501(1): 307-312 PMID: 29738768.

Shafia s, vafaei aa, mohammad kr. effects of
moderate treadmill exercise and fluoxetine
on spatial memory deficits, in sps rats (an
animal model of ptsd). Neurobiol Learn
Mem. 2017; 139:165-78. [DOI:10.1016/j.
Mirjalili R, Shokouh E, Dehkordi NS, Afsari
R, Shafia S, Rashidy-Pour A .Prior short-
term exercise prevents behavioral and
biochemical abnormalities induced by single
prolonged stress in a rat model of
posttraumatic stress disorder. Behav Brain
Res 2022;428: 113864 PMID: 35405172.
Shafia S, Nikkhah F, Akhoundzadeh K.
Effect of combination fluoxetine and exercise
on prefrontal BDNF, anxiety-like behavior
and fear extinction in a female rat model of
post-traumatic stress disorder (PTSD): a
comparison with male animals. Behav Brain
Funct 2023; 19(1): 1 PMID: 36647145.
Richardson SJ, Senikas V, Nelson JF.
Follicular depletion during the menopausal
transition: evidence for accelerated loss and
ultimate exhaustion. J Clin Endocrinol Metab
1987; 65(6):1231-1237 PMID: 3119654.

29.

30.

31.

32.

33.

34.

35.

Habibi P, Babri S, Ahmadiasl N, Yousefi H.
Effects of genistein and swimming exercise
on spatial memory and expression of
microRNA 132, BDNF, and IGF-1 genes in
the hippocampus of ovariectomized rats. Iran
J Basic Med Sci 2017; 20(8): 856-862 PMID:
29085576.

Shafia S, Mardani M, Mirzaee M ,Talebpour
Amiri F. Effects of Physical Activity on
Cognitive Function and Neuroplasticity in
SPS Rats: Hippocampal Changes and BDNF
Level. J Mazandaran Univ Med Sci 2024,
34(236): 14-28.(persian)

Patki G, Li L, Allam F, Solanki N, Dao AT,
Alkadhi K, et al. Moderate treadmill exercise
rescues anxiety and depression-like behavior
as well as memory impairment in a rat model
of posttraumatic stress disorder. Physiol
Behav 2014; 130: 47-53 PMID: 24657739.
Jafarzadeh Baghan A, Azarbayjani MA .The
effect of four weeks of voluntary and
compulsory training on anxety-like behavior
induced by childhood stress and cerebellar
inflammatory factors in rats. Yafteh 2019;
21(3): 23-35.(persian)

Shafia S, Ghadirzadeh  E,
Shahandashti AS, Ehsani Vostacolaee S.

Fayyaz

Comparing the Effects of High and Moderate
Intensity Exercise on Male and Female Rats
with and without PTSD: A Behavioral and
Biochemical Study. J Mazandaran Univ Med
Sci 2023; 32(216): 20-33.(persian)

Murai T, Okuda S, Tanaka T, Ohta H.
Characteristics of object location memory in
mice: Behavioral and pharmacological
studies. Physiol Behav 2007; 90(1): 116-124
PMID: 17049363 .

Seo JH, Park HS, Park SS, Kim CJ, Kim DH,
Kim TW. Physical exercise ameliorates
disorders  and

psychiatric cognitive

W 11€0 0 sidw] « PIEP a)ladd @)les § (w0 )93

Ohjls (b)) eole slGibily alas


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

PTSD a Wiss slo ) 5)38) eslo awly 1 5)sl g ()LIA1 gbj)g 131 awslis

36.

37.

38.

39.

40.

dysfunctions by hippocampal mitochondrial
function and neuroplasticity in post-traumatic
stress disorder. BEXp Neurol 2019; 322
113043 PMID: 31446079.

Wright S, Furukawa T, Macleod M, Simple
O, Elugbadebo O, Chiocchia V, et al
Mechanisms through which exercise reduces
symptom  severity and/or  functional
impairment in posttraumatic stress disorder
(PTSD): Protocol for a living systematic
review of human and non-human studies
[version 1; peer review: awaiting peer review].
Wellcome Open Research 2023; 8:494.
Zoladz PR. An ethologically relevant animal
model of post-traumatic stress disorder:
Physiological, pharmacologicaland behavioral
sequelae in rats exposed to predator stress
and social instability: University of South
Florida; 2008.

Huang YQ, Wu C, He XF, Wu D, He X, Liang
FY, etal. Effects of Voluntary Wheel-Running
Types on Hippocampal Neurogenesis and
Spatial Cognition in Middle-Aged Mice. Front
Cell Neurosci 2018; PMID: 12:177.

Shafia S, Vafaei AA, Samaei SA, Bandegi AR,
Rafiei A, Valadan R, et al. Effects of moderate
treadmill exercise and fluoxetine on

behavioural  and cognitive  deficits,
hypothalamic-pituitary-adrenal axis dysfunction
and alternations in hippocampal BDNF and
mRNA expression of apoptosis—related proteins
in a rat model of post-traumatic stress disorder.
Neurobiol Learn Mem 2017, 139: 165-178
PMID: 28137660 .

Winters JJ, Hardy LW, Sullivan JM, Powell
NA, Qutaish M, Nair S, et al. Functional
deficit in hippocampal activity during fear
extinction recall in the single prolonged-
stress model of PTSD in male rats. Behav

Brain Res 2021; 396:112902.

41.

42.

43.

45,

46.

47.

48.

Dunlop BW, Wong A. The hypothalamic-
pituitary-adrenal axis in PTSD:
pathophysiology and treatment interventions.
Prog Neuropsychopharmacol Biol Psychiatry
2019; 89: 361-379 PMID: 30342071.
El-Khatib YA, Sayed RH, Sallam NA, Zaki
HF, Khattab MM. 17p-Estradiol augments
the neuroprotective effect of agomelatine in
depressive-and anxety-like behaviors in
ovariectomized rats. Psychopharmacology
2020; 237(9): 2873-2886 PMID: 32535690 .
Dornellas AP, Boldarine VT, Pedroso AP,
Carvalho LO, de Andrade IS, Vulcani-Freitas
TM, etal. High-fat feeding improves anxiety-
type behaviorinduced by ovariectomy in rats .
Front Neurosci 2018; 12:557 PMID: 30233288.
Ravi M, Stevens JS, Michopoulos V.
Neuroendocrine pathways underlying risk
and resilience to PTSD in women. Front
Neuroendocrinol 2019; 55:100790 PMID:
31542288 .

Aguirre GA, De Ita JR, de la Garza RG,
Castilla-Cortazar 1. Insulin-like  growth
factor-1 deficiency and metabolic syndrome.
J Transl Med 2016; 14:3 PMID: 26733412 .
Zegarra-Valdivia JA. Insulin-like growth
factor type 1 and its relation with
neuropsychiatric disorders. Medwave 2017,
17(7): e7031 PMID: 28863129.

Burgdorf J, Colechio EM, Ghoreishi-Haack
N, Gross AL, Rex CS, Zhang X-l, et al
IGFBP2 produces rapid-acting and long-
lasting effects in rat models of posttraumatic
stress disorder via a novel mechanism
associated with structural plasticity. Int J
Neuropsychopharmacol 2017; 20(6): 476-
484 PMID:28158790

Santi A, Bot M, Aleman A, Penninx B,
Aleman IT. Circulating insulin-like growth

factor | modulates mood and is a biomarker

1160 0 s « PIEP a)Laud «@)les § (W )93

Ohjls Sy eole oGS dlas IS


https://jmums.mazums.ac.ir/article-1-21163-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-07-12 ]

ulilSam g 5ol pagsk

49,

50.

51.

of vulnerability to stress: frommouse to man.
Transl Psychiatry 2018; 8(1): 142 PMID:
30068974 .

Uysal N, Agilkaya S, Sisman AR, Camsari
UM, Gencoglu C, Dayi A, etal. BExercise
increases leptin levels correlated with IGF-1 in
hippocampus and  prefrontal cortexof
adolescent male and female rats. J Chem
Neuroanat 2017; 81: 27-33 PMID: 28179125.

Nakajima S, Ohsawa I, Ohta S, Ohno M,
Mikami T. Regular voluntary exercise cures
stress-induced impairment of cognitive
function and cell proliferation accompanied
by increases in cerebral IGF-1 and GST
activity in mice. Behav Brain Res 2010;
211(2): 178-184 PMID: 20307585 .

Baldini S, Restani L, Baroncelli L, Coltelli
M, Franco R, Cenni MC, et al. Enriched
early life experiences reduce adult anxiety-
like behavior in rats: a role for insulin-like
growth factor 1. J Neurosci 2013; 33(28):

11715-11723 PMID: 23843538

52.

53.

54.

55.

Fernandez de Sevilla M, Pignatelli J, Mendez
P, Zegarra-Valdivia J, Torres Aleman 1.
Insulin-Like Growth Factor | Modulates
Wulnerability to Stress Through Orexin
Neurons. bioRxiv 2020.

Soya S, Sakurai T. Orexin as a modulator of
fear-related behavior: hypothalamic control
of noradrenaline circuit. Brain Res 2020;
1731: 146037 PMID: 30481504 .

Bjorkman F, Ekblom O. Physical Exercise as
Treatment for PTSD: A Systematic Review
and Meta-Analysis. Mil Med 2022; 187(9-
10): 1103-e1113 PMID: 34850063.
Gourshettiwar A, Lacey J, Kay S, Stehn J,
Low M, Cheema BS. Investigating
endocannabinoid system and subjective
responses to exercise in cancer patients:
Rationale and future research directions.
JSAMS Plus 2024;4:100073.

10 11€0 0 sidw] « PIEP a)ladd @)les § (w0 )93

Ohjls (b)) eole slGibily alas


https://jmums.mazums.ac.ir/article-1-21163-fa.html
http://www.tcpdf.org

