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Abstract

Background and purpose: Post-traumatic stress disorder (PTSD) is a psychotic disorder that
occurs in people who have faced with various types of stressors. However, the efficacy of drug and
psychotherapy methods, even in combination is still low. Therefore, complementary treatments are being
researched. The relative improvement of PTSD has been observed with the use of Serotonin Selective
Reuptake Inhibitors (SSRIs). The effect of exercise has also been determined in improving physical and
mental health. But the appropriate exercise intensity is still in question. Therefore, the aim of this study
was to investigate the effect of intense exercise, fluoxetine, and their combined treatment on behavioral,
molecular, and cellular damages caused by a standard model of PTSD.

Materials and methods: Single prolonged stress (SPS) was used as a model to induce PTSD.
Exercise (1 hour, 15 m/min) was planned for five days per week and fluoxetine (10 mg/kg/day) dissolved
in drinking water was administered for four weeks. After performing the anxiety test, the animals were
killed under deep anesthesia and blood samples were collected to measure IGF-1 serum levels by ELISA
method and prefrontal cortex was frozen to measure apoptotic factors by RT-PCR method.

Results: SPS rats showed increased anxiety levels and decreased serum IGF-1 levels. Increased
Bax and Caspase-3 mRNA expression, and decreased Bcl2 mRNA expression were found in the
prefrontal cortex. Exercise, fluoxetine, and their combined intervention increased IGF-1, decreased the
expression of pro-apoptotic factors, and increased the expression of anti-apoptotic factors. The results showed
that the combined intervention of exercise and fluoxetine could reduce the anxiety caused by SPS.

Conclusion: Considering that fluoxetine was more effective in comparison with high-intensity
exercise, it is clear that in the groups that were affected by both interventions; fluoxetine played a more
significant role.

Keywords: post-traumatic stress syndrome, single prolonged stress, intense exercise, anxiety, IGF-1,
apoptosis, fluoxetine

J Mazandaran Univ Med Sci 2023; 33(224): 1-16 (Persian).

Corresponding Author: Moslem Mohammadi - Molecular and Cell Biology Research Center, Mazandaran University of
Medical Sciences, Sari, Iran. (E-mail: mohammadimo@yahoo.com)



mailto:mohammadimo@yahoo.com\)
https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

op—3ls (—S B}y eo—Lcoli By L as
(1-16) 1402 Jbw  yxned 224 o)lad  Eow g (w 8)9s

jl bl ol pues p Lol plgi pils g paiwSgla ayad yijj)g Ol Bl
aalo gl ja Gan ,illgh (gaalg S5 yu pwl

2 o sgd snsS
3(5.)-0-7:4 Iol».o
26T Ologhus )51 3020

2 IuS>

Calize o1 5l L gl 50 Do)y 5o 53 45T Sl (8 50005 ol clog 5 51 g o el ol 1000 9 il
otk 5 ol Ol 55 SGaSK b Al em 3 o Sleys Ol 5 o513 Sty (DS 83 ga s La s 2l
g_:,u,_@_t_;;;tam,gﬁéu,)u;te;m\\fd,uﬁgww;w.up@wwwﬂ&L;qu);q?
508 ds Lal ol ol adeiin =9 5 gamer oD 350 53 55 5555 S el ol 0dalia (SSRIS) 15 55 9
LOT pl 5 315 S g6 (6515 5 b kd 5555 31 )z anlllas ) 5 Oos ol ol il oo Il g 55 50 Ol ot e
Al oo (PTSD) sl 51 g o sl o sokis 35105 e &5 5l il IS0 b 5 (65l saanT 5

st e . 3Lzl PTSD el (gl 5 e &S5 Ol g 0 (mls S5 ke SY5b ol Jke 51 ila g 9 3lge
(a\_?d\)'\u.,_;.c_é;rl;élmJLﬁ-QmQ(lomg/kg)dlj)\:j(lsm/min Co o b ol &K (655) 505
A 6T (1Y) 25) pm IGF-L Ol joe (6,5 05101 Cgr O35 €650 0 Gons (s o o ol s
A& 5 SRT-PCR sy 4 sist 0T la,sSh 803l Cgm 5 s b0

Caspase-3 s Bax 4y b 5 s MRNA 0Ly (2153 5 o IGF-1 2S5 Ol sl (21531 SPS sl adidly
leF‘lﬁ‘P‘C}l{rbﬁj@L@ﬁQAJS—‘JA}};&.JJ:‘:QLS|)Jujjéaj:fi.§):BC|2Q.}aﬁjﬂmRNAQlﬁJAl{}
A sl alS o ol e 5 s S g T ST S B OL ) 5SS 5 Ty 1 Gla)sSB 0Lyl

‘_;u)}:SBQLﬁU:,.a\S,D_MIGF-l ﬁ\p\gﬂar|ﬁw|m,¢ﬁs_§}b,$&j), sk s bl
Lo e Ol ol 28l )3 ol g5 alst e 5 s Jy jde 128 53 &S T (STH 5576 Oly il 31 5 &S5 33 T
AU s & ey S 53558 a etie 39 Vb Sla b S35 S0 3l 5500 pasls dslle 56 &S ol 4ae g
Wl 03,8 Wl 1y (5 5 g 45 S 5l (B S )5 sk 53

@:.wf}kég}ngchF-lcgljla.édu\id.&di)')}c‘_;.b-ljaifQ.\A@Y}bw;.»hwuj\ﬂw;wlr).\;m‘_g.\._.'lf‘_glbpjlg

doddo
@Uﬁ.&{.\.@}j&#é\iﬂcg}sw c&q— Gl LSl Q_i‘:.a_&"’dg_lcbub S ey Sl sl Pl

E-mial: mohammadimo@yahoo.com S 08 (o lael july A&l oame kT 0ol 1T 87 1)l — S aZo @lasio 1 ghune ilgo
Ol ek 0153l (S ke o83 ¢ ST 5y 08Tl ¢S5 stan) Slidiond 35 5o s 055 olsal L

Ol el il (S p sl o8l ¢ (S 0 a5 ¢ g gmedils Sligiod a1e” ¢ (S (6 il 2

Ol el O3l (S p e ol ¢ (K 0080l ¢ 380 pm 5 o (5503 ik 58 n (8505 05 5 lils 3

1402/5/22 : sy 3 56 1402/417 : S-Sl Cgr gl ot 140213128 : it 53 st

1402 yoa)e8 « 224 s)lais @ g (W 8)6s ohsjle (aib)y eolc slGisl alas 2


mailto:mohammadimo@yahoo.com
https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ul)l50sb g lestuis aiySw

S ke Glags ey ¢ B30 (B slacs ey
AU ()5 on too 5 oy S35 5 poe I b
52 551555958 lagiben 3 ol OLays 53 F5s
(1) ol oy L3

D308 4S Llesls Ol gl g 5 Sl Slallas
Cote Ol 3l p b e abil 5 6, S5l il
=308 55 Pl G bl gl sl oT
P 5 5 i 6 2RSS S S o
las gazme (16) 355 oo Jlasl iy sla, 551 Jiols,
,PTSD e Foos 4S das e Olis Slallas
LA Gss e JB EE 4 (S des o el
Ol 5 (17) 003 157 o530 (g 5lans ol @Dhe 2alS™
b e oS 5 ol sme s bt s 3555 45 Sl ol
O (18)asb s bl ,l ,5 PTSD e Dul
Sde Jsb Las ol i35 & Sl odd esls Ol
o et BDNF ainie o131 4 i 5
b N (19)255 0 Sda ol S Sla b0 4
e Kl o il (5559 S Sl 0315 Ol Dlallas
U5 oo A 3l i a3 5 (20)0s  BL T &
Slalllae 287 55 (21)dil asls jre g e OIS
T S 5 5 slaaalyg o3 g 5 bl 2 o
ol 457 ol s 0313 0L (22) el o 6L
bsbeiios s b o Db 4 4l s BDNF
BDNF s 2alS &l oonl oSan VL s
508 DA Dy 3 55 3 s () (28) 55
Jolse bagartsn 51 U slaawnT 55 Cgr s
S onlan a5 Lellse s kGl eSSl 5
eSSl Bt S L LS Olalles
b el 3 3 S se S 5 585 slaanT
Lds Sy eb b e OT 5 (27-28)5 5 o315 Olis
S smoin 5 25 4 S 0 sl b e lie s )
el (o Sl n) 2l

Cals s (IGF-1) 1 - el s iy, S6

(e 55 9 ol B o 5039 o el b (gl L

6093 S5l 5 ol s 425 (DT o 555
Dl s 2l Ly 5 L o e o e o 51 00,5
oA Sl g LS g s sk s e
Ol (2 sl o PTSD ol 6Lt gz 5aTi31 51
5-6 ols e 55 5 o3 10-12 05,5 PTSD ot
330U 105350 5 015 e us ;560 (3) sl s s
23 iy n syt Sl 5 sl b S5 J b
@) el 10,5 T/6 PTSD oo § 5 o5 J
a5l PTSD oS slow | J_ALG g5 S s e Ol
S5 a3 L (631,30 Yl (e oLy 5
3 ot PTSD Sl (51 (6 ey 6K ¢ oy T
Ml Jlazs1.(B) s eSslag 5 sl &S5 4 o
B3 53 ol 5 D bl b s o G155 (sl SxasT
s 0T slalis C‘j} 5 Ods (B) el Ol e ol 90
4w S PTSD 0l e o (T) sl 5 2 OU5 5o
ot 8 5 S g (AT dile (5 5 ogn sl L
=N DA o O8) S oo e 5 ISy 3
A 5 (6 fS = 03le (6 ksl (slas yleial LPTSD
5 oS I o 55 5 She Jgees sy 5o
(10) sl of o ol
515 Le PTSD el (o )ls slaolays
e s glrotiS lge ¢ lail 4w gla S udlis
PP UG PP R B IV L 3 PRRPR KW g
Sleys Jsl L 0l 224 SSRIS LS 5 Ol ol 5o
=i A 5 il 4 La PTSD 4 OLdew (sl
S sl (L)l 5 o gyl ol 4y S 0T
Sl 5 55 3 o Bl ozl (Lo S lga 51 SO
sl gy I ¢ B5 il Blay3 g OT Sl eslizal &
s 5 e G55 1 5 2 I )l
b omlClods w4y Sael 5l iy Sl
515 o) (12) 355 oo slgiy 75 PTSD 4 0L 61
3 el g S5 I Skl ralS e,
BDNF - b jlLamice ;5 v, absl> ous ¢Sy

LS sl slos 28 b 55 055,40 (13)355 08

1402 yoa)ed « 224 s)Laids «@gm g W 8)9>

ohsils (i) eole olahils alas 3


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ooyl )1 (B0 slo w1 oaTnSels g sysib i) )31

0553 Ll 8 slu a3 284] 5500 s &)l >
(S0 csln12 5 slag, ol 1) acb 65
GliE 5 T 55 GalaiT o) b s s (1SS
SlalsTadS e 8 1,5 b s jlasl s SIS
35 5oy A& l3T Sblg L L ST, b
S, pde o8l DUy i S e Jous

NEPIS R

ol Al e

(SPS) oJLub 5 (sham) WL o 5 534 Sl

$ls O 51 alllas gl o SPS I s 55,14
4 Sham 5 SPS (sLacs ;8 Ul s alS” ¢ xS 6
5015 Sl pls 5 5l 0dST 3L s laes, S
il s sla 05,8 ST (gl 5513 53 Kk o
53 oks o a4 Sdes 10 mo/kg/day 505 oS
Shelal OT JzS 0y § bl g 3 g oeelaT OT
(36) 38 s, 5

(SPS) WJLubs 5 (sham) WJLw (slae S5
i S0y 8 554 8

(EXC) s 55,5 (Al

(FLX) S 55 (5505 oS 2L 55 (o

Solo 5 Kbt 555 5 pl s enlinul (=
(FLX-EXC) S 5l

(‘_‘;j)} rl;u‘ (4&}})‘: C,.'?lijé r-\;) J‘)Ls (s
(SED-VEH)

PTSD W
Single Prolonged Stress Joae jf asdlas -l 5s
SIPTSD slow) . A s5lizul PTSD Wil I, (SPS)
2 Sdeasrat s it il al> s 4w )3 SPS 5 b
b5 5 kst L restrainer oG 5 1s 55 cela
5280 mm ,Ls) Cola s oS ST juihs &S5 53 s

C).\Ac\gc:ﬁa.wﬂg"’)" [_}T(a}wjé 6(500mm &w)\

5 oelS el 5 1 L Sl ks a3
ol b 31 (28)3 5 g0 yasnin G5 HLE (slagtn
(29)3)05 Jsko & o 53 (sloaS  los Sl 31,5876
O35 )3 IGF-l,BDNFcla_.»u:g_lpH{u:j”

(30) s o DL 1y 5 g0 Kby S5 ) ¢ jhe
Ceb Lo e 35 oz il (8 ol ol 518
:,_;\,..\,”.\_:JU,:J'HP}_:.Q_AIGF-lch_.»JAlS
seddla dae S 5 00 3 IGF-1 Cle o) 53
Ao DI 31.(33-31) s go 5 gme |y aS st 3 Shas
odd iyl 58 Laokul 53 IGF-1 (8 il 5 Ul sl
odalice QTcJa_.ﬂ el PTSD 0l e 53 5 ol
Sl sl (8 bl ds glag,ls Sl eslizl .3 5i 0
c]a_.ﬂc\_{;',.w‘ odd jaseine (34) 555 o IGF-1 c]a.»
b glagealy IS 36 Jule oG IGFL oy
b o 30 o b i IGF-1 . asl e ol s
L (35) 355 r Sl 2alS 4 e HPA ) e
Cadtbes g5 ol 4 2 PTSD oS oyl 4 4 55
Solal 51 SS e si 0 LOT by 5 Shes %5 5 (5500
Leg 5 3l (b ‘_gLAWT:M‘_g)Lo.:{ ol s Sl
by 5055 SLaysSb b5 i 5 Jobo o5 e il
o ol 2l A et s L Al s
S5 Sl el 35,5 Ol oS alias pl 9 S
J‘}MJJ}JOB’:H&JL«:{ Y I - - P |
9059 Obeys 56 auslie anlllas oyl 5l Coda (il 0
Jioe &80 51 (B o s (355 4l eSS
o=l = sl sla sy ol 56 934 PTSD s

23813 Sl sy asle

59 9 3lse
Ol g

B LS i aalllae 0l s
8\_, ol &y 56 (R.MAZUMS.AEC.1401.024
oy 5ear 200-250 555 5 Ke Ly iy s 5155

Q)})A}JMM&U7Q);8QQQL¢J

1402 yoayed « 224 s)Laids «@gw g (W 8)9>

ohiils (b)) eole al5RSD alas 4


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ul)l50sb g lestuis aiySw

G=b = (39)4s o (CAE) 4w slassl s Okile
o158 5 5l 5L s 2555 I (b Dlalllas
g_)‘jléoé‘ u&.&\s u.a:-\.& ‘JL’ ‘_;j)la BE) a-\.ja‘_gj_.:.w Ode

(39)4.3 w;‘)}m): C)J DL

IGF-1 Ol e b i)

505 k708 S 100 alsS ahos 4y S g
Gt Gee sy ba 0 S ST S e 25
Oy s 05,8 31 65,8055 isyan 5(40)es
gyl 13y gy 4 o IGFL (6,8 o3Il g
o Ly 05 0355 5l Sl 1 oy A5 (555 T e
6J,TC.?- ol ooy p w4 5 &aea 554000
G5 51 8 sl 4 53-20 556,80 3101 03 b
S 8) N S b yas IGF-1 (6 S0 51l s
A el (eSS 5, G-k 5 LT zelibo

(RT-PCR) 20, 4 s s Tl oo (sl 5556 (5 5o it
o Slaos n MRNA 0Ly SalejT (al 5o
(Bel2) Sis g T 5T 5 (Bax,Caspase 3) ¢S5 s 57
b jas ey (228751 g ok (oo I3 23 50
-20°C ;3 5lde Cs s g op A 5 edip )l
e i S RNA ol szl gl oslizl o8
g pURNA 5 U b o35 san Iy b0y 25
A ) A RNA 2 gl CS7 ol 2
5l o~ 5 (DENA ZIST ASIA, Mashhad. Iran)
Shay 4 CDNA v o g sl w3 RNA
Fw C S esli ol Ly S i 555
o3l (Bioneer Inc. Seoul, South Korea) cDNA
~20°C 3 e3lizul LS L5 staTowse CDNA L
e il o ST Ly il 5 05 ) b o3

1ol

L;jj.é\p.’.uljﬂj\ Laesls Jdod g o5 6
a il ol BT (sladse)T 51 i o5lizul SPSS2

D OLL 3 e 425515 515 pll 58 b 425520
iju\_ja‘_;Jlﬁ_;_}ﬁr'L;Jl’;:Js‘C}:j“s:d:Mj%

(37).\4& u,.,.a.é BEBTS) 14 Odeds rbT .]aa_‘j.:a B

Treadmill jf osldzal b Ll (sylT 55,5 s
SPS 31 oy 5514 olat 2505 L 6l -
NG S N ST T Y IR TR NG
W}}i&}ba&w}@‘ﬂﬁ‘%‘&fij)}a};

bl Lol (L2555 4l
\.:4.5.?:15}5)]_&‘)’5)3 Sods 41030 Sosle
ali:_wzgj)QU|}:>(4_51§>ﬂJ:s3)uﬂJ§\4>
S Eas plomt 1 (38) 53 ST 5555 5 8 8 I3
Tr oS sl lane g S Treadmill o
J_Acu.é.a4¢;.x_m_36$j” 4l A oslitul Cane
PlSC&ﬁL@}GOéJ}J}M(*Bu‘JjJSM

W23 8 plowl aids 5

ksl ad slayls, Jbisl s

Ly Ol bl e il 0L 1 e
L plowil Elevated Plus Maze (EPM)

die &S5 i o JSs lo e o Sle oo
OB W o 53 ol o 55l g 3l
Ol bl Jramiw Cogr ozt Jdos ool (39)
Ol 6530 5 Sipmel 4 5L 5 039 (b b
35 Jolis 5 ol odbast b g 1 oaws cpl 3,1
S 4t e Lol pon e 5L B0X10 S o) 5L st
50x10%40 Sy 2) wms 5551 53 5 (5 e oo
o 5w 10x10) (6 55 0 aiS” &S 5 (e sl
345003 51,58 S 6505 3k slassl S s sba
3,8 oo 315 VLGB a8 51 el 70 5 5us

oo a5l 3 Ol TSl L5 A
508 Gl ok a sy 4 Cad 3) e
Glagiba gy JS sldas csls malyl 4ids D Suany
(CAE) ww sLasil 4z 35,5 3lux (OAE) 5L

Olesds (OAT) 5L clagsl 5 05l Ol jds

1402 yga)ei « 224 s)lasd @ § W 8)9s

ohils S}y eole alEm3) alas 5


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ooyl )1 (B0 slo w1 oaTnSels g sysib i) )31

W SED-VEH OSED-FLX
200 * * B EXC-VEH DEXC-FLX

IGF-1 ( ng/ul)

sham SPS

o 33 IGF-1 a1 o5la 51905

Sagna Al Jluas § 4 S0 £ 53 p u IGF-1 ek '@

(P =0/0001) a5 o olis

3 e 230 el e 5 g 33 ¢ (B35 dstbe codlusy & 55 1%

ot o |y st ile B3y 05,8 A i |y e IGF-L e

.(P=0/0001) ccat

5(P=0/035) 55,5 (P=0/028) 4 5,15 dstthe ¢ Jubio3 8 55 1%%

A IGF-1 el 1 e 21531 ey (P=0/000L) ol 5 als1oke
mean+SEM & (n=7)

70
* WSED-VEH DOSED-FLX

60 BBEXC-VEH EEXC-FLX

50

40

AT (%)

30

20

10

sham SPs

5Lyl oy gl Oloj e 2 oled 510905

o8 4 i Jlios £ 53 5k 535k 03 s by Ste @

(P=0/0001) was_po 0lts I3 gme 2alS”

pl dstlan o 8 5 5k slagilso gl Ol Soke (o 8 s 0¥

N3 (rn D g g st D5y 05,8 0 Sl (B35 5 200l

(p=0/0001) ot il 21551

plss5 adstite 5 (p=0/035) (5l adstle 55 Swlio5 8 55 7%%

SLlasil 43 b Olej Sde Lls gme 2151 ey (p =0/001)

WL 05,8 ol 53 OAT Ly (syls gms U s 3,5 b
mean+SEM & (n=7)

'(Open Arm Entry, OAE) 5L (s55b 4 39,3 slda
Sham jSPS o); 6\.&&) w.'OAE A.MiLE.A BE)
09,5 331y 555 ol Hls gme J2alS by LT
Lz OAE sham o5 5,5 (P=0/0001) sls oLzs SPS

05,5 40 i (B35 5 (25 pl g ALe 05 S )

wL—A pOSthOC Q)A)T E) (SPS x ‘j&‘j‘)jx j)‘:) 43]}9
&l = (Mean+SEM) &) 50 4y Sledbl . ol

J_EJ:P<O/05‘_;J‘J@MCE_~}MA§‘J‘ ojjfjh

andllas 3 oslitul 3550 o pasl s I L ojled Jgua

(bp) o1l Sequence(5' — 3 [N
152 GGCTGGACACTGGACTTC Bax forward
CAGATGGTGAGTGAGGCA Bax reverse
141 GTGGACAACATCGCTCTG Bc12 forward
AGACAGCCAGGAGAAATCA Bcl2 reverse
122 GACAACAACGAAACCTCC Caspase forward
AGGGTAATCCATTTTGTAACTG Caspase reverse
199 GCCTTCCTTCCTGGGTAT b-actin forward
GATCTTGATCTTCATGGTGCTA b-actin reverse

FY I
L;LACJJ_}[.JL«/ osls slasy, rj_wj.aIGF-l c_é_w
PTSD 4 Sz

SPS 5,5 slacs, pre 23 IGFL o aslio )
s cpl sl gme 28l il yls LT Sham
ca—wsham o5 5 55 (P=0/0001) 15 oLz SPS o5 855
05,5 4y S a3 a 5L i IGF-L
55.(P=0/0001) csls (gl snn il 31 dstlte O 5t
—=553 5(P=0/028) — 5515 4« L1 SPS o5, &
Al ey (P=0/0001) ol 5 alslte 5 (P=0/035)

(Lo lez Lls 503) A& o IGF-L elas l5 gne

Slacy 5wl osle (slocs, > b 4k (sla b5,
PTSD < s
(Open Arm Time,0AT) 5L slag3L 53 s Oloj Socke
Sham s SPS o5 5 slacsy w OAT awlis 53
09,5 331y 555U ol yls gme 288 by 5JUT
;3 OAT c¢sham o5 5 s (P =0/0001) sis oLzs SPS
el e O3 038 4 o ol Al e 05 8
ads e SPS o5 5 55 (P =0/0001) csls ()15 sne
&ely (P=0/001) ol 5 adstlte 5 (P =0/035) 5,0
(2 o sl )13 505) LB OAT s sne ol 53l

1402 yga)es « 224 s)laids @ § (W 0)0s

ohaijle ab)y eole slEm3D alas 6


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ul)l50sb g lestuis aiySw

=als adslus 55 SPS oy 8 55 (P=0/021) csls
adslae 5 (P=0/042) &5, adstus 5 (P=0/001)
05 0Ly s an Sl Sl aw 2 (P0/001) o1 5

(5 s,les s 4a3 )i BCL-2

MSED-VEH OSED-FLX
1 BEXC-VEH BEXCFLX

RatioBAX mRNA Expression/ mRNA expression B-actin

sham sps

BAX 35MRNA 0Ly duslie 4 03leds 510905

Sason Sl g, € 4 s Ll o3 € 3 BAX 05 0L @

(P=0/001) was s 0l

(P=0/002) 25,5 absiote oP=0/027) 515 alsttots JLalio 8 557

A5 BAX 03 0l 3 a8l Lol 4w a (P=0/000D) ol 5 el 5
mean+SEM & (n=7)

MSED-VEH  [OSED-FLX
BEXC-VEH DEXC-FLX

*k

Ratio Bcl2 mRNA Expression/ B-actin mRNA expression

BCL2 03 MRNA Ols 5 osbed sloged
LS 5 ey, € i Jlin £ 55 BOL2 05 0L @
(P=0/001) was o Ol s sne
BCL-2 05 0y Llssne Sl 531 Sy ol adstlibe Il 05,8 531%
(P=0/021) s
305 dstie 5 (PR0/001) 55l adstlite 5 Il 5 5 55 7%
Ol sls otmn 2l Eely aw a2 (PR0/001) ol 5 alsioe 5 (P=0/042)
A5 BCL-2 05

mean+SEM & (n=7)

Sl a8l 2ol 581 (g 5l5 re oy gupts alstlde O3y
&ely (P=0/00L) ! 5 elst1e SPS o5 5,5 .(P=0/0001)

(3 ol 15 503) A5 OAE s sne ol 53l

100 @ SED-VEH OSED-FLX
* BEXC-VEH BEXC-FLX
90

80
70
60

50

OAE (%)

40

30

20

10

SLsaib a sy sldas 3 o kel H1ogei

S ey § a s Jlbios S 55 Skl 4 s s @
{(P=0/0001) was o 3Lt I3 gne

Gl e 8 05 Slssil aas)s e pllsg S 4e
(P=0/0001) ol 4l 2131 (5513 me oy goo 40 dlstlbe k05 S
sgme 211 el (P0/001) ol 5 alstiute q;);rjuu,,ﬁﬁ:**

55k a5k aag,g sl
meantSEM & (n=7)

MRNA OLo s b isz T o Ao 10556 (s
Jig 30, ,i8,5Real Time PCR iy, L o)
BAX 050l sz

05,5 s,y o BAX 05 0l O jos dlis 53
35S opl yls gme il 1 il yls 5JUT Sham 5 SPS
sham 0,5 ,5.(P=0/001) si5 oLes SPS o5 8 s 1,
BAX 03 0Ly » syl sre b bl 51 e =
dstlde 5 (P=0/027) 5 55 1w SPS 05 8 55 .oslos
w2 (P=0/0001) o1 5 ettt 5 (P=0/002) 25,5
(Ao o s 50) LaBAX 05 0lo s gme j2alS sl

BCL-2 S o) v
05,8 G, 5 BCL-2 35 0L Ol jos 4o o )3
o=l ol sme alS” Ll ol JUT Sham 4 SPS
o5,5 53 (P=0/001) 515> 0Lz SPS 65,8 551, 4586
BCL-2 0 0Ly = ula s 36 pl 5 alstlde sSham

1402 yoa)ed « 224 s)Laids oo g (W 8)9>

ohxjls ¢Aib)y eolc olaihils alas 7


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ooyl )1 (B0 slo w1 oaTnSels g sysib i) )31

WSED-VEH [OSED-FLX
BEXC-VEH DEXC-FLX

@

25

jon/B-actin mRNA expression
~N

Ratio Caspase mRNA Expressi
-

Caspase-3 05 MRNA oL 7 o lads ylog0s
Sl ey 8 o oy, 8 ssCaspase-3 050k @
(P=0/0001) was o oL s sne
¢l 5(P=0/006) 25,5 5(P=0/006) o 5,05 dlstite Lo s S 55 1%
o o |, Caspase-3 0 Oy Llssxe 2als” (P=0/0001)
05 0l 3 tme (2alS Eooly adsthle aw s 55 Sl S 55 %%
.(P=0/0001) .z Caspase-3

mean+SEM & (n=7)

S 3= Je S Ol 5o 4 SPS Sl anlllas ol o
Ll g kb, 5 &S5 90 p b Ol ok s 03lizwl PTSD
0Ll 43 PTSD (slaailis aslin SPS Jue Luw g ol
(A3) S s (15 03 50T SRR 5 (42) Al
s S S WB) I b 6y 25 5 (4) KT
oS clu ool adllles ol 55 (46) 355 o0 0y (G 5Re
I b0 #2855 55T L5 Shal53ls o IGF-L
(L5 0 aliuSPS esle lacsy )3 o sl il

a5 B s 53 s Slallls s
Lles S )8 Slalllas 5 ol blize Ol a5l
(A7) p ol joblas glald, alSlel 55,4
Ol b 203 Sl il F1 s 235 S s
.(48) Lilos 4ol

Gl s dslte ¢ 3T Mizzi anlllas
Ol OV 55 55 (il W5Bes gogy 1y (olecin B
alllan L by o (49) 15 0L Loy 5 b e 5

PR o35 5as AU 5 6 s walllas 5l

BCL2 «BAX Jj Ol Cood ooy
5—=BCL2 s BAX 05 Ol i s lin s
il sl ls 5JUT Sham 5 SPS o5 5 slac,
(P=0/0001) 15 3Lzs SPS 03,5y 1y 1556 opl I3 sina
ol s gme 1Al sl ddslis 4w ashamsy S s
adstlte 4w a 33 SPS o5 S 55 (P=0/001) i s
(P=0/0001) s s o sl ime S2alS Esl,

(6 o‘)u J‘}}a.‘i)

2.5 W SED-VEH 0O SED-FLX @ EXC-VEH DO EXC-FLX

@

Bax/Bcl2

BCL2 4 BAX 35 Ol Caas oy » 6 03lads 513905
oo,y o Jlabiag 8 53 BCL2 4BAX 05 0y o @
(P=0/0001) was o Ol Hls gre 251
05 0l S yl3 nn LS ol adstn o Il og 8 55 1%
.(P=0/001) ! 6z BCL2 & BAX
i N3 e LS ol e st i 2 55 oy £ )5 7%
(P=0/0001) ot 4z215 BCL2 4 BAX 0 Ol

mean+SEM & (n=7)

Caspase-3 Ol (o 2

el o Caspase-3 05 Ol Ol jee duslis s
s il 530 U s 5JGT Sham 5 SPS o5 8
55.(P=0/0001) 515 OLi SPS 05 8 y3 1, , S 6 !
325 5(P=0/006) — 5,15 alsluasham oy, $
= Gl —xe 36 (P=0/0001) ¢l s (P=0/006)
4w o» 75SPS 05,8 ;5 .cils Caspase-3 0 Ol
Caspase-3 05 0l Hls —as ialS Eol alsle
(7 o5tz i3 505 (P=0/0001) 2

1402 yoa)ed « 224 s)Laids (oo g (W 8)9>

ohiils (b)) eole al5RSDL alas 8


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ul)l50sb g lestuis aiySw

Jotes el G b 3l 5 i e O S SIS T
b KaiiT 550 5 GABAA sy el S35
RS el Sl Eel 5(89) 0k ()
ab o) 53 015 0505 5 35800 S s 53 S5k
(13)dns o 2l 311,

IGF-1 o s s 28l I 5l anlllan il
@ baals e 51K a 30 5 Coils 0o - SPS Jlisa,
30335 055 ol e Rl 3B el 5 2 leS
sy 5 (60) 53 555555 BDNF Ol e ol 08
bl 5 5 5l 5 Col 5 das Sl I ) el
Gk 3l s Gl 5555 Sate DT Lo 50
S SRl S s 53 25 D8 I
Jlasl Ly slay S5 ilay Lol 3l 50 s b juliw
ebod g Oleis 5 gaew g alals (61-73016) 5 55 o0
B R Ty S RE-STT NIRRT W ST
37 8s 5 s FI by 53 e B D )
5+ SSRIS (gla 5 ,15.(85-T4) S oo (65b jra bl
Ul el 5 (86)e s PTSD a o3dle Jals” Ly
(87)3 55 o2 S 52 0> 2150555

Slacanl sbwl d 53 (5555 Sl asllas oyl o
3 T 25 4 e G U 5 255 5o
S o s olo b Al ran 53 el s 2l s gl e
ot odaliie 2 555055 a2 O Cote Sl J1 S
651t 05, sl 6505 e 31 050
RO S PR

el &Sl canlllas opl (gls aBl b )
IGFL S o 2alS” 8 Ol 55 (650
L g lon Jinn s b o oS58 5 aS s
AL ke sbas plGF-L mlas (88) 55 o !
SIGF-1 .l ol ,an DL ,3PTSD (slasilss ol
03 mdl Olylas 53 (dlyg b Al 5556 s BDNF
ol ba S5 il s L 55, Olays 5 duly s 28l
(34) 555 0o Lay 556 o 2l 53l

0352 om s 48 Sl wsls 0L 3 (5,50 anlllas

a3 15SPS Lu g ol U sl i (gl )b,
Ot g oo il 35 55.(50) el ols OLES Hsbe
Ld o a5 (20 s sl | 1 &S5 ST 2555 Se
a3 ace s 5 k) 53 S T sl 4 e
2305 Seasl 2. (21) 3505 Jlsa 1y (Bl ol 5ol
T U PR PP MPUNEY"
S s gla s & J 53 .(51) S
(B g o e 3 ,Shas ol sl il 5 Do
agl 50 Sy 35 oy Ol s Slewl Cle 340
S35 Slagly ol (5 el Jol b
3 8 i SU Cos 1) Sl 5 sleeS e
L oS Als o HPA | 5mee 5 JU)aT gl Slaptanw
ol et LoDy 09 e S5 93 (i Sl 51
Chluy 35 oge L2808 w5558 Ylaz! . (53) ol
S5 a8 e 3L O, s 5 s » SPS &
Loty 55558 S8 0 e e G5 b 58 5
Dl 3 8 53 e s 1SS 5555 2 51
(54) 1S oo et JIUET 5 oS g e S il
slasld; slaml 5o A0l 5 oo 55 5514 Sl o 2!
T GLadlGsl) W sl s ol sl 4
sl SIS Ll b 5 SISl o sy
ol 5 e By 53 Ol ksl 4l sl sl
5 S sp 155 53 sIMST LS 5 mans Sl
Dl ddy EalS el ey s e WSS 58
ol ol ksl as glajls, I35 05 S, sS
Sk, 35 5 S5 Jolss (o p 52 (88) 5,05 JUis
AU Ll 368 Jule Ol gea 555 el sl s
LS g s 5| (6l G5 5 58 5 St
W gy Sl I3, 5 Glos g Sedl 51550 La)bs )
351STT e mal 2alS G bl 355 &S Sl el LS
5 (56) o 555 e Ble e gl milie > St 3 5oge
(58) HPA 5 >s 5, Sbas s BDNF ((57) 1 JUi,sT 5
LS S sl gl ialS 4 Ll
Tl SRl el i OLS 5 5 oS 6

1402 o3y « 224 s)laids @ g (W 8)93

ohaijls b}y eole alEimsl alas 9


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ooyl )1 (B0 slo w1 oaTnSels g sysib i) )31

(RS s =22 PTSD Ol ys yo oS 6
s s a8 Lleshs Ol 35 Ko Slalllas
53T b 5o Jhe & o w08 ol sl
by glanedSan 3 b 51 Ylaiml (a8 en 5
Cel amsiys 5355 0 BDNF 5 NGF Lu g ot
2355 nT Sl 4 e g 0ds Al 5 (6,8 5L s s

(94) 355 o0 oS gn
YU Si b fws 5 255 005 OLiS ol aslllas
(D) (k8 D o 3 5 ol S S ol pon 4
2555 T A5, Al 5 (IGF-L alaw) JS3ss 5
asdlae ol 53 555 e SPS Jlisa JWg b6, 28
S L 505 U 5 500 S 6 sl L3
C,;Jd&uwjf)::ﬁ@a:\:dw;-\}:ﬁ‘)ﬂ{
Lol 1) 6 7 pr 5 0l et 851 3 alllte 5 o 130
b Lds S5 S Jdsa Yl oS il oy S
o=l a5 il e G glaySE 0T Jlazs
SUT A 555 Wdd Hls ol oslazul 55,5 anlllas
s 5 B0 bl bl sul g 5 LB (o A5
slet plals s ool SU Sl jlas oles «
Olgme au 5559 glaasl p Sl eslaul ys 0535
¢SS 3l PTSD Ol ylaws 0lays 53 (SKaS sla s,
Olge s b 55 OLays HLST 3 cnlin (8555 4l

g onlital oS Sleys s, eSS

S jSowlps

SIS ALy Glidos = b ol aalllas )
sboLL Jwl> s IRMAZUMS.AEC.1401.024
Sy ddy (6 eiils 4 3aze 8853 o jlads 4 L guae
Cslan o 5148 Al e Sl g 258 L
OIssle (i p e ol ils (6551 5 Slidous
sl ol lzel el (K5 55 goul Sl S 0)
5 Oliions o we S glae (6 LS Sl dhmns s
S o5 0laile (b p e o8 ils (g5l
s n 108 andllas ol 55 &S5 g ges | Dliiines

gl 4 31,31 (Dt (gl 1y e IGF-1 eba e
(89S o2l PTSD ahox 31 25 50155 slacs slo
8 IGF-1 Ol s alS ol anlllan b bl
ol outalie ;25 55 50y T I8l 5 p e 5 Js e
S s S )8 ol 5 Fernandez .(88) <l
Gladss g 3 IGF-1 (3 Shee (glaodi ,E3b gla i e
IGF-1 ksl us ey ol o saVb g S s
S S o 3l | PTSD and (6585 5 dims god ey
(90) bl g2 250 S 53l S0, 5 sl b

e a8 sl 0l 5 O, 5 Santi asllas
el Glagenly 5o gage oS el JolsIGF-L o e
ol S e (oS gy AL 8 oS
ssmee o 538 S5 IGF-L cas oo 0Lt 3 Shas
I8 0T 1 idw Yazs| &8 5,108 o 51HPA
b 555 Sl Lo 57 sl s FKBPS 0,
53.(35)3 5 e a3l 28l 4 e g 0t
a,,;&d_,;uu_,:t,uuupu)ra@_wuu
S 3131 o 53 IGF-L lawe 21530 s sl 355
eSS 50 S g T (A1) s sdalive el T &
S5 5(Caspase 3 3BAX) 55 8T iy slay 556
canlllas oyl 53 il o BCL2) (g5 T 5T sla, 556
JUsis o 25 55 552 9T sy Sl 3l 4 e SPS
Ls Ly ol falS Col dsle 4w a5 A

Oleys oS g 0T s 31 eSS 0,8 5 Réus
o 45 () o slgiiey s ol 5Y51 5 eSS0 L
53 e S g 30 550 3 andlles ol b L
S 4 M gla tse (5,5 2 OSr 5 LOU aslllase
sty aalS casslo 51 sy o el Pl Jue
b edalie 28 b Oloys 5| PTSD 43
3L FI L Ls e gla s 45 sl 0l OUT anllas
L obass Sl ey e Sl e 5 o e o B
1) S5 51 15 o e ol 3L 2l Sl
dis sl 50 50 1) (qme Clgdl 50,8 58
3l eslial gl gk gl &G oS (ST Llgs PTSD

1402 yo3)8h « 224 s)laids (@ g (W 8)9>

ohiils b}y eole al5RSD alas 10


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ul)l50sb g lestuis aiySw

References

1.

Shalev AY, Gevonden M, Ratanatharathorn
A, Laska E, Van Der Mei WF, Qi W, et al.
Estimating the risk of PTSD in recent trauma
survivors: results of the International Consortium
to Predict PTSD (ICPP). World Psychiatry
2019; 18(1): 77-87.

. Daskalakis NP, McGill MA, Lehrner A,

Yehuda R. Endocrine aspects of PTSD:
Hypothalamic-pituitary-adrenal (HPA) axis
and beyond. In: Martin C, Preedy V, Patel V,
(eds). Comprehensive Guide to Post-
Traumatic Stress Disorders. New York:
Springer, Cham; 2016. p. 245-260.

. Oakley LD, Kuo WC, Kowalkowski JA, Park

W. Meta-Analysis of Cultural Influences in
Trauma Exposure and PTSD Prevalence
Rates. J Transcult Nurs 2021; 32(4): 412-424.

. Redican E, Hyland P, Cloitre M, McBride O,

Karatzias T, Murphy J, et al. Prevalence and
predictors of ICD-11 posttraumatic stress
disorder and complex PTSD in young people.
Acta Psychiatr Scand 2022; 146(2): 110-125.

. Rady A, Elsheshai A, Elkholy O, el Wafa

HA. Psychogenetics of post-traumatic stress
disorder: a short review. Appl Clin Genet
2010: 103-108.

. Maeng LY, Milad MR. Sex differences in

anxiety disorders: interactions between fear,
stress, and gonadal hormones. Horm Behav
2015; 76: 106-117.

. Villalta L, Smith P, Hickin N, Stringaris A.

Emotion regulation difficulties in traumatized
youth: A meta-analysis and conceptual review.
Eur Child Adolesc Psychiatry 2018; 27(4):
527-544.

. Shafia S, Vafaei AA, RashidRy-Pour A.

Effects of Moderate Treadmill Exercise and

Fluoxetine on Spatial Memory and Serum

10.

11.

12.

13.

14.

15.

BDNF Levels in an Animal Model of Post-
traumatic Stress Disorder. J Mazandaran
Univ Med Sci 2019; 29(179): 1-17 (Persian).

. Malejko K, Abler B, Plener PL, Straub

J. Neural correlates of psychotherapeutic
treatment of post-traumatic stress disorder: a
systematic literature review. Front Psychiatry
2017; 8: 85.

Alexandra Kredlow M, Fenster RJ, Laurent
ES, Ressler KJ, Phelps EA. Prefrontal cortex,
amygdala, and threat processing: implications
for PTSD. Neuropsychopharmacology 2022;
47(1): 247-259.
Bernardy NC, Friedman MJ.
Psychopharmacological ~strategies in the
management of posttraumatic stress disorder
(PTSD): what have we learned? Curr
Psychiatry Rep 2015; 17: 1-10.

Muraro C, Dalla Tiezza M, Pavan C, Ribaudo
G, Zagotto G, Orian L. Major depressive
disorder and oxidative stress: in silico
investigation of fluoxetine activity against
ROS. Appl Sci 2019; 9(17): 3631.

Yu YH, Ou CY, Shyu BC, Huang ACW.
Basolateral amygdala but not medial prefrontal
cortex contributes to chronic fluoxetine
treatments for PTSD symptoms in mice.
Behav Neurol 2020; 2020: 8875087.

Wang R, Holsinger RD. Exercise-induced
brain-derived neurotrophic factor expression:
therapeutic implications for Alzheimer’s
dementia. Ageing Res Rev 2018; 48: 109-121.
Hirsch MA, van Wegen EE, Newman MA,
Heyn PC. Exercise-induced increase in brain-
derived neurotrophic factor in human
Parkinson's disease: a systematic review and
meta-analysis. Transl Neurodegener 2018;
7(2): 7.

1402 yoa)eih « 224 s)lasd @ § (W 8)9s

ohaiils 3b) eole al5RSD alas 1


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ooyl )1 (B0 slo w1 oaTnSels g sysib i) )31

16.

17.

18.

19.

20.

21.

22.

23.

24.

Lin T-W, Chen S-J, Huang T-Y, Chang C-Y,
Chuang J-1, Wu F-S, et al. Different types of
exercise induce differential effects on neuronal
adaptations and memory performance. Neurobiol
Learn Mem 2012; 97(1): 140-147.
LeardMann CA, Kelton ML, Smith B,
Littman AJ, Boyko EJ, Wells TS, et al.
Prospectively assessed posttraumatic stress
disorder and associated physical activity. Public
Health Reports 2011; 126(3): 371-383.

Harte CB, Vujanovic AA, Potter CM.
Association between exercise and posttraumatic
stress symptoms among trauma-exposed adults.
Eval Health Prof 2015; 38(1): 42-52.
Szuhany KL, Bugatti M, Otto MW. A meta-
analytic review of the effects of exercise on
brain-derived neurotrophic factor. J Psychiatr
Res 2015; 60: 56-64.

Radak Z, Chung HY, Koltai E, Taylor AW,
Goto S. Exercise, oxidative stress and
hormesis. Ageing Res Rev 2008; 7(1): 34-42.
Ogonovszky H, Berkes I, Kumagai S, Kaneko
T, Tahara S, Goto S, et al. The effects of
moderate-, strenuous-and overtraining on
oxidative stress markers, DNA repair, and
memory, in rat brain. Neurochem Int 2005;
46(8): 635-640.

Cotman CW, Berchtold NC. Exercise: a
behavioral intervention to enhance brain
health and plasticity. Trends Neurosci 2002;
25(6): 295-301.

Chan KL, Tong KY, Yip SP. Relationship
of serum brain-derived neurotrophic factor
(BDNF) and health-related lifestyle in
healthy human subjects. Neurosci Lett 2008;
447(2-3): 124-128.

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

25.

26.

27.

28.

29.

30.

prolonged stress in a rat model of
posttraumatic stress disorder. Behav Brain
Res 2022; 428: 113864.

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.

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). Physiol
Behav 2022; 243: 113629.

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.

Mueller PL, Pritchett CE, Wiechman TN,
Zharikov A, Hajnal A. Antidepressant-like
effects of insulin and IGF-1 are mediated by
IGF-1 receptors in the brain. Brain Res Bull
2018; 143: 27-35.

Yan L, Xie M, Lu H, Zhang H, Shi M, Zhang
Y, et al. Anti-apoptotic effect of IGF1 on
Schwann exposed to hyperglycemia is
mediated by neuritin, a novel neurotrophic
factor. Mol Neurobiol 2018; 55(1): 495-505.

Greenwood BN, Strong PV, Foley TE,
Fleshner M. A behavioral analysis of the

impact of voluntary physical activity on

1402 yo3)8h « 224 s)laids (@ g (W 8)9>

ohiils b)) eole al5RSDL alas 12


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ul)l50sb g lestuis aiySw

31.

32.

33.

34.

35.

36.

37.

hippocampus-dependent contextual conditioning.
Hippocampus 2009; 19(10): 988-1001.
Cassilhas RC, Antunes HKM, Tufik S, De
Mello MT. Mood, anxiety, and serum IGF-1
in elderly men given 24 weeks of high
resistance exercise. Percept Mot Skills 2010;
110(1): 265-276.

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.

Baek S-S. Role of exercise on the brain. J
Exerc Rehabil 2016; 12(5): 380-385.
Burgdorf J, Colechio EM, Ghoreishi-Haack
N, Gross AL, Rex CS, Zhang X-I, 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.
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.

Schmidt U, Herrmann L, Hagl K, Novak B,
Huber C, Holsboer F, et al. Therapeutic action
of fluoxetine is associated with a reduction in
prefrontal cortical miR-1971 expression
levels in a mouse model of posttraumatic
stress disorder. Front Psychiatry 2013; 4: 66.
Yamamoto S, Morinobu S, Iwamoto Y, Ueda
Y, Takei S, Fujita Y, et al. Alterations in the
hippocampal glycinergic system in an animal
model of posttraumatic stress disorder. J
Psychiatr Res 2010; 44(15): 1069-1074.

38.

39.

40.

41.

42.

43.

44,

45.

American Physiological Society. Resource
Book for the Design of Animal Exercise
Protocols. Maryland, US: APS; 2006.
Malyshev AV, Sukhanova IA, Ushakova
VM, Zorkina YA, Abramova OV, Morozova
AY, et al. Peptide LCGA-17 Attenuates
Behavioral and Neurochemical Deficits in
Rodent Models of PTSD and Depression.
Pharmaceuticals (Basel) 2022; 15(4): 462.
Mohammadi M, Zare Z. Effects of treadmill
exercise on cognitive functions and anxiety-
related behaviors in ovariectomized diabetic
rats. Physiol Behav 2020; 224: 113021.
Shafia S, Ghadirzadeh E, Fayyaz Shahandashti
AS, Ehsani Vostacolaece S. 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).

Jia Y, Han Y, Wang X, Han F. Role of
apoptosis in the Post-traumatic stress disorder
model-single  prolonged  stressed  rats.
Psychoneuroendocrinology 2018; 95: 97-105.
Wen L, Han F, Shi Y, Li X. Role of the
endoplasmic reticulum pathway in the medial
prefrontal cortex in post-traumatic stress
disorder model rats. J Mol Neurosci 2016;
59: 471-482.

Ding J, Han F, Shi Y. Single-prolonged
stress induces apoptosis in the amygdala in a
rat model of post-traumatic stress disorder. J
Psychiatr Res 2010; 44(1): 48-55.

Wen L, Han F, Shi Y, Li X. Role of the
endoplasmic reticulum pathway in the medial
prefrontal cortex in post-traumatic stress
disorder model rats. J Mol Neurosci 2016;
59(4): 471-482.

. Zhao W, Han F, Shi Y. IREla pathway

of endoplasmic reticulum stress induces

1402 you)eid « 224 sylasd «@ow g (W 8)93

ohsijls ¢aib)y eole sGiSl alas 13


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ooyl )1 (B0 slo w1 oaTnSels g sysib i) )31

47.

48.

49.

50.

51.

52.

53.

54.

neuronal apoptosis in the locus coeruleus of
rats under single prolonged stress. Prog
Neuropsychopharmacol ~ Biol  Psychiatry
2016; 69: 11-18.

Ley C, Rato Barrio M, Koch A. “In the sport
I am here”: therapeutic processes and health
effects of sport and exercise on PTSD.
Qualitative Health Research 2018; 28(3):
491-507.

Cacciaglia R, Krause-Utz A, Vogt MA,
Schmahl C, Flor H, Gass P. Voluntary
exercise does not ameliorate context memory
and hyperarousal in a mouse model for post-
traumatic stress disorder (PTSD). World J
Biol Psychiatry 2013; 14(5): 403-409.

Mizzi AL, McKinnon MC, Becker S. The
impact of aerobic exercise on mood symptoms
in trauma-exposed young adults: a pilot study.
Front Behav Neurosci 2022; 16: 829571.

Seo JH, Kim TW, Kim CJ, Sung YH, Lee SJ.
Treadmill exercise during pregnancy ameliorates
post-traumatic stress disorder-induced anxiety-
like responses in maternal rats. Mol Med Rep
2013; 7(2): 389-395.

Myrhaug HT, Qstensjg S, Lerdal B, Skranes
J, Hammerstrem KT, Risberg K, et al.
Intensive Training/Habilitation of Children
with Congenital and Acquired Brain Damage.
Oslo, Norway: NIPH; 2008.

Buchner DM, Wagner EH. Preventing frail
health. Clin Geriatr Med 1992; 8(1): 1-17.
Almeida FB, Pinna G, Barros HMT. The
Role of HPA Axis and Allopregnanolone on
the Neurobiology of Major Depressive
Disorders and PTSD. Int J Mol Sci 2021;
22(11): 5495.

Castro-Vale I, Carvalho D. The Pathways
between Cortisol-Related Regulation Genes
and PTSD Psychotherapy. Healthcare (Basel)
2020; 8(4): 376.

55.

56.

57.

58.

59.

60.

61.

62.

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.

Kocahan S, Dundar A, Onderci M, Yilmaz
Y. Investigation of the effect of training
on serotonin, melatonin and hematologic
parameters in adolescent basketball players.
Horm Mol Biol Clin Investig 2021; 42(4):
383-388.

Rengo G, Pagano G, Parisi V, Femminella
GD, de Lucia C, Liccardo D, et al. Changes
of plasma norepinephrine and serum N-
terminal pro-brain natriuretic peptide after
exercise training predict survival in patients
with heart failure. Int J Cardiol 2014; 171(3):
384-389.

D'Elia ATD, Juruena MF, Coimbra BM, Mello
MF, Mello AF. Posttraumatic stress disorder
(PTSD) and depression severity in sexually
assaulted women: hypothalamic-pituitary-adrenal
(HPA) axis alterations. BMC Psychiatry 2021;
21(1): 174.

Pinna G. In a mouse model relevant for post-
traumatic stress disorder, selective brain
steroidogenic stimulants (SBSS) improve
behavioral deficits by  normalizing
allopregnanolone biosynthesis. Behav Pharmacol
2010; 21(5-6): 438-450.

Van Praag H, Shubert T, Zhao C, Gage FH.
Exercise enhances learning and hippocampal
neurogenesis in aged mice. J Neurosci 2005;
25(38): 8680-8685.

Vivar C, Potter MC, van Praag H. All about
running: synaptic plasticity, growth factors
and adult hippocampal neurogenesis. Curr
Top Behav Neurosci 2013; 15: 189-210.

Falls WA, Fox JH, MacAulay CM. Voluntary

exercise improves both learning and

1402 you)eid « 224 sylasd «@ow g (W 8)93

ohijle (Al eole sERI)s alas 14


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ul)l50sb g lestuis aiySw

63.

64.

65.

66.

67.

68.

69.

70.

consolidation of cued conditioned fear in
C57 mice. Behav Brain Res 2010; 207(2):
321-331.

Naylor AS, Bull C, Nilsson MK, Zhu C,
Bjork-Eriksson T, Eriksson PS, et al.
Voluntary running rescues adult hippocampal
neurogenesis after irradiation of the young
mouse brain. Proc Natl Acad Sci U S A
2008; 105(38): 14632-14637.
Wong-Goodrich SJ, Pfau ML, Flores CT,
Fraser JA, Williams CL, Jones LW. Voluntary
running prevents progressive memory
decline and increases adult hippocampal
neurogenesis and growth factor expression
after whole-brain irradiation. Cancer Res 2010;
70(22): 9329-9338.

Kuhn HG, Dickinson-Anson H, Gage FH.
Neurogenesis in the dentate gyrus of the
adult rat: age-related decrease of neuronal
progenitor proliferation. J Neurosci 1996;
16(6): 2027-2033.

Erickson C, Barnes C. The neurobiology of
memory changes in normal aging. Exp
Gerontol 2003; 38(1-2): 61-69.

Erickson KI, Voss MW, Prakash RS, Basak
C, Szabo A, Chaddock L, et al. Exercise
training increases size of hippocampus and
improves memory. Proc Natl Acad Sci U S A
2011; 108(7): 3017-3022.

Néagerl UV, Eberhorn N, Cambridge SB,
Bonhoeffer T. Bidirectional activity-dependent
morphological plasticity in hippocampal
neurons. Neuron 2004; 44(5): 759-767.
Redila V, Christie B. Exercise-induced
changes in dendritic structure and complexity
in the adult hippocampal dentate gyrus.
Neuroscience 2006; 137(4): 1299-1307.
Zhao C, Teng EM, Summers RG, Ming G-I,
Gage FH. Distinct morphological stages of

dentate granule neuron maturation in the

71.

72.

73.

74.

75.

76.

77.

78.

79.

adult mouse hippocampus. J Neurosci 2006;
26(1): 3-11.

Stranahan AM, Khalil D, Gould E. Running
induces widespread structural alterations in
the hippocampus and entorhinal cortex.
Hippocampus 2007; 17(11): 1017-1022.
Altman J, Das GD. Autoradiographic and
histological evidence of postnatal hippocampal
neurogenesis in rats. J Comp Neurol 1965;
124(3): 319-335.

Anderson E, Shivakumar G. Effects of
exercise and physical activity on anxiety.
Front Psychiatry 2013; 4: 1-4.

Helmich 1, Latini A, Sigwalt A, Carta MG,
Machado S, Velasques B, et al. Neurabiological
alterations induced by exercise and their
impact on depressive disorders. Clin Pract
Epidemiol Ment Health 2010; 6: 115-125.
Heim C, Nemeroff CB. The role of childhood
trauma in the neurobiology of mood and
anxiety disorders: preclinical and clinical
studies. Biol Psychiatry 2001; 49(12): 1023-
1039.

Heim C, Nemeroff CB. Neurobiology of
posttraumatic stress disorder. CNS Spectr
2009; 14(1 Suppl 1): 13-24.

Schwarz L, Kindermann W. Changes in B-
endorphin levels in response to aerobic and
anaerobic exercise. Sports Med 1992; 13(1):
25-36.

Greenwood BN, Foley TE, Day HE, Campisi
J, Hammack SH, Campeau S, et al. Freewheel
running prevents learned helplessness/behavioral
depression: role of dorsal raphe serotonergic
neurons. J Neurosci 2003; 23(7): 2889-2898.
Mouloudi R, Alaei H, Sarkaki A, Ahmadi A.
Chronic Running Exercise Promotes Spatial
Learning And Memory In Rats. Journal Of
Isfahan Medical School (lums) 2007; 25(86):
30-37 (Persian).

1402 yp2)8id « 224 s)lasd «@ow g (W 0)93

oh3jls (A eole alEi3l alas 15


https://jmums.mazums.ac.ir/article-1-19624-en.html

[ Downloaded from jmums.mazums.ac.ir on 2025-07-21 ]

ooyl )1 (B0 slo w1 oaTnSels g sysib i) )31

80.

81.

82.

83.

84.

85.

86.

Wu C-W, Chang Y-T, Yu L, Chen H-i, Jen
CJ, Wu S-Y, et al. Exercise enhances the
proliferation of neural stem cells and neurite
growth and survival of neuronal progenitor
cells in dentate gyrus of middle-aged mice. J
Appl Physiol (1985) 2008; 105(5): 1585-1594.
O’callaghan RM, Ohle R, Kelly AM. The
effects of forced exercise on hippocampal
plasticity in the rat: A comparison of LTP,
spatial-and non-spatial learning. Behav Brain
Res 2007; 176(2): 362-366.

Marlatt MW, Potter MC, Lucassen PJ, van
Praag H. Running throughout middle-age
improves memory function, hippocampal
neurogenesis, and BDNF levels in female
C5vBL/6J mice. Dev Neurobiol 2012; 72(6):
943-952.

Hattiangady B, Rao MS, Shetty GA, Shetty
AK. Brain-derived neurotrophic factor,
phosphorylated cyclic AMP response element
binding protein and neuropeptide Y decline as
early as middle age in the dentate gyrus and
CA1 and CA3 subfields of the hippocampus.
Exp Neurol 2005; 195(2): 353-371.
O'Callaghan RM, Griffin EW, Kelly AM.
Long-term treadmill exposure protects
against age-related neurodegenerative change
in the rat hippocampus. Hippocampus 2009;
19(10): 1019-1029.

Siegmund A, Wotjak CT. A mouse model of
posttraumatic stress disorder that distinguishes
between conditioned and sensitised fear. J
Psychiatr Res 2007; 41(10): 848-860.
Santarelli L, Saxe M, Gross C, Surget A,
Battaglia F, Dulawa S, et al. Requirement of
hippocampal neurogenesis for the behavioral
effects of antidepressants. Science 2003; 301
(5634): 805-809.

87.

88.

89.

90.

9L

92.

93.

Zegarra-Valdivia JA. Insulin-like growth factor
type 1 and its relation with neuropsychiatric
disorders. Medwave 2017; 17(07): e7031.
Santi A, Bot M, Aleman A, Penninx B,
Aleman IT. Circulating insulin-like growth
factor | modulates mood and is a biomarker
of wulnerability to stress: from mouse to man.
Transl Psychiatry 2018; 8(1): 142.

Fernandez de Sevilla ME, Pignatelli J,
Zegarra-Valdivia JA, Mendez P, Nufiez A,
Torres Aleman 1. Insulin-like growth factor |
mitigates post-traumatic stress by inhibiting
AMP-kinase in orexin neurons. Mol Psychiatry
2022; 27(4): 2182-2196.

Stein AM, da Silva TMV, de Melo Coelho
FG, Rueda AV, Camarini R, Galdur6éz RFS.
Acute exercise increases circulating IGF-1 in
Alzheimer’s disease patients, but not in older
adults without dementia. Behav Brain Res
2021; 396: 112903.

Réus GZ, Abelaira HM, Agostinho FR,
Ribeiro KF, Vitto MF, Luciano TF, et al. The
administration of olanzapine and fluoxetine
has synergistic effects on intracellular survival
pathways in the rat brain. J Psychiatr Res
2012; 46(8): 1029-1035.

Lou C, Fang M, Ye S, Fang Z, Amin N, Chen
Y. Fluoxetine protects against inflammation
and promotes autophagy in mice model of
post-traumatic stress disorder. Behav Brain
Res 2022; 433: 114004.

Lee H, KimJ, Yim S, Kim M, Kim S, Kim
Y, et al. Fluoxetine enhances cell proliferation
and prevents apoptosis in dentate gyrus of
maternally separated rats. Mol Psychiatry
2001; 6(6): 725-728.

1402 yo3)ih « 224 s)lasd «@ow g (W 0)93

ohjle (Aib)y eole oEhIl alas 16


https://jmums.mazums.ac.ir/article-1-19624-en.html
http://www.tcpdf.org

