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Abstract

Background and purpose: Methamphetamine (METH) is one of the most powerful drugs that
leads to many cognitive and behavioral side effects such as anxiety. On the other hand, studies have
shown that ovarian hormones such as estrogen and progesterone have neuroprotective effects on a wide
range of cognitive and behavioral disorders. The aim of this study was to investigate the role of estrogen
and progesterone on anxiety-like behaviors, body temperature, brain edema, and neuronal death induced
by neurotoxic regimen of methamphetamine.

Materials and methods: This study was performed in 48 ovariectomized rats divided into six
groups including: control, METH (6mg / kg), vehicle (sesame oil), METH + estrogen (1mg / kg), METH
+ progesterone (8mg / kg), and METH + estrogen + progesterone. Body temperature and anxiety-like
behaviors were investigated, then, the animals were killed and brain tissues were harvested to evaluate
brain edema and neuronal death in hippocampal CAL.

Results: Body temperature, brain water content, motor activity, and anxiety-related behaviors
significantly increased in animals that received METH (P<0.001), but, treatment with estrogen and
progesterone attenuated motor activity, and anxiety-related behaviors induced by METH. Brain edema,
body temperature, and neuronal cell death in hippocampal CA1l area partially decreased in
METH-+estrogen and METH + progesterone groups.

Conclusion: This study suggests that ovarian hormones such as estrogen and progesterone are
effective in improving behavioral deficits and neuronal death induced by METH in ovariectomized rats.

Keywords: methamphetamine, estrogen, progesterone, anxiety, brain edema, body temperature, neuronal death

J Mazandaran Univ Med Sci 2020; 30 (186): 1-12 (Persian).

* Corresponding Author: Hamed Ghazvini - Faculty of Advanced Technologies in Medicine, Mazandaran University of
Medical Sciences, Sari, Iran (E-mail: hghazvinil@gmail.com)



mailto:hghazvini1@gmail.com)

onIjls (—S B}y egLcoli il al as
(-12) 1399 Jiw  p3 186 o)lads @) (W o)gs

slwa)Slac wywl pggpiwjgy g jgrwl sloyge g il
(rolianl s biugi aaub Ll ,igjgi Sjo g g lis)

LogiSy)lgl sloyiign ja

L9 4ol s
2 298 sol>
* sl ol
2 el s> S doguia 0 3o
256, ds>l)
f gl Wy
P83l pel25 (5340
*oSZ iy ol le
> (i po
2 IuS>

b ol g g ld ol s 6l)ln 48T Cril o e g 3550 bl 51 SO peebiia T 10 9 dibols
35 55555 5058 JBT G115 0wl 5 058 il SO 5oy 58 45" Sl 0313 Ol Slalllan K5 o b 51l o oo
At Lol )3 09 iwls 5 055 il S0 sas 98 S arlllan opl ys 1 LALSL o (o)) 5 (L DY Ll
58 3 st 3350 i T S8 5 595 O3 pael (S G5 5 e 5 (6 5he p3l Oy oyl oy ¢ o S

(S glaey § Joliog, S0 130t o sSSlsl ol o Jige w1348 51 o o0 adlllas ol 0 il g 9 Slge
5(Bmglkg) &5 w5sp + et T ((IMOIkG) 055l aliia T ((dniS” 2 55) ISl (BMYIKQ) (oliioTiwe
(ol sl ass glajlsy jesli g Ol Oyl o dm)d ) p 3l ey LS el O3 w59 05kt Cpealiin T oo
255 )5 eslizal 3 40 S 5 CAL %,uﬁQ;,),;gf,L;}gr;@g;,\%};‘apﬂum;mf

eliaaT i oS Sla Sse 5o ol bl ach lasli, 5 oS Culleb (s 5re O (Gl sime (O (sbes sladidly,
(S o Clad Camsd Col 09 559, 9 O el S0 5058 5 g2d 9 Sl (65 smn il 31 Ls g 05 ST 3L s
s elzie T 51 (8L aS 58 CAL b y3 G555 <5 0 5 (G0 o3l el ol 4k gla b,

23 5 oo O 75 5 055 el il (Gass a0 3050 &5 S r olgiiy Sl alllas ¢ sazes o bttt
Bl 5 ke T g Sl (AU G355 S e 5 608, DY s pgs

SIS dff O Syl o dm y3 (G jre ¢! (el (g s 0058 sl CpalianT s 26 3lS (s 2519

doddo
L palideT ss SLag)ls o Spge dhosr 515,80 O o peliiaT dle 51 013 S00a 5 slagls 31 6ok
sLed 4 (METH — Methamphetaming) —elzis T S o n e 3y go Sia ) il 3 Glos 28 5 4b
E-mail: hghazvinil@gmail.com S o5 S 5518 0SB (0L K p sk oBliils 55l = 5i39 38 Sl :giume ilge

Olnl e b L3l (S o sle o ils ¢ Sty 005 (sl (5558 0815 ¢ J ST g0 5 Jsbo (55 5 Dl S e ¢ (ST (6555 oS 03 5 plslal
Ol el c0l3le (ST 0 e o5l ¢ (K3 05 sl (5918 o 1SCHIs colasl ple 0 8 5l skl 2

Ol el c0lyi3le (S p sl o Bkl ( (Ko s 5 5l (6558 oSS (23 gukiga 05 Lozl 3

Ol 8 5 oS (S e ol ¢ STy oaSiil3em 5 p ke 055 ol pgle Sladod 50 b slinl 4

Ol eolisls S colile S S5y ke oI5 00l 30 3 e 5 s 31 (6,800 Dk S5 5l skl 5

Ollecssbe el (Sl o sk o831 ozl oaSiiin g3 (588 p e 5 (K5 55la5 Slidons S 0 5l sl 6

Ol eyl el i3le (S5 p she 0Bl S5y 0 aStils ¢ Sy (g il 7

1399/3/17 : s goas 6 1398/12/10: &Sl g gl ot 1398/11/30 : by 55 o6 &

1399 3 . 186 s)laids «@) o 8)9s ohsijle (aib)y eole sGiil alas 2


mailto:hghazvini1@gmail.com

ul]lEnﬂgwgindﬁu“.ulu

(13355 o ol s e Sl Jola 5> ol il
S Wlosls 0las OLen 5 958 | aia) e 53
35 ol Slass O gay 8 Ode Y5k 5y 5
2 Geebia T G55 Jl (6,5 5k 5 bl 3 Shoe
L laail ooman (164)555 o ol e i
Cel U5 pmbsp 5 O35 5l GioF &5 s o0 O
Loyl aS 55,8 0 G555 8 o 5 sihepal S
ik slaslsy 5 s les slas Shae Ly —oge
sl O s Ol S aalllas ol s 140 (16-19) 5 415
o3l 5 gl 5, e o 05 5wdsn 5 055!
oS sen b 3 5505 28 e 5 O (Slos (SR
e e 53 el T $KS 5 555 O3 e iy

.d;)‘ﬁw)ﬂ:)}naiﬁ@fgtbj‘&‘fw

b9, 9 dl9e

e ise A8 5l s anlllas ol s
200-250 35 03 5dmme 53 sl 5 3155 1 AL Lk
AT Ol g (s il Sl ot agi S
i Sl g s sl Ol (S ke o8
50l (IS o gaden (Sla i 45 iy 4 sluw
bl g las sl 14e 5 O 4 absl3T oo 2o
- sldsy sbroyss s 1H23°C engioee 53 b sk
wars Lla bl ad bis aeln 12 S 6
Sl gy Syl 5 I8 428 sl s
(G ) B anlS At leT
45 plil (IR MAZUMS..REC.1398.5474

wlllas o e Sla gt e et 05,8

e o ise 51055 6 5l andllas ol sl
5ol gl i T (6l ok o 55515l o3le il
6 s slar sl DUl b eslinad wlidlsl
S S b 8455

S o ain 03,8 ol 310,28 ey 81
3,57 8L 55 e Dbl e 5SS 1!

5l bl S 4 e OT O jeze &8 0295 00
ol G0 Esl LaOT O e pslls 5 355 o0
VM| piman 5 61T gt gla by 5 Kol
et 53 (D)2 53 o0 S5 pp g e 53 03 S
O s g 45" iz o OLE Caline Slallae e
S9035 et el 4 e KI5 on apalidaT e
3te (20 56 o ey 3 e OSG e sise
e llg a8 o5 S sl (s jre ol 5 Ol daul
A seasil oDl 4y (555 0 Saos5 S e
S5 e ealide Tl s o 45T dns e OLS
56500 5 bl M| a3 lis Y
Sl 1 i 53 (3-5)5 55 n ol Jad (slaslis, S
SO g0 52 ¢ b (o p alidaT a5 e s
SLIs O imis g 5 055 5ml o sz an ¢ Glass
(76) il o (Neuroprotective) s, 5 Claslws i 1
50587 05 i (i SLa0 g0 52 45 B
3 S1p IS o Jlas! e ot 53 05255
Al (e S5 glad b 55 LT age sl 28
e 3 (G5l (Slaod ;8 G b 3 05
A3 b o s b 1) (e s 3 Shas
L sl ol i, S MRNA 5> 423 s
b 51 s 31 able 53 (Estrogen receptor B-ERP)
slet ol Ll 5 Gl s SSE camiee
55 ol s S5 Ol 4 b0l ) o8 A4S
S N 5 25sm e Gble pl 93 055 el s
e DS i (55 Loy el K53 5 055 !
o i gLl g0 38 Sl (98) 5,1 1
S s m 48T ol (gl 4y 05 s 5 OS5 )
Ol ol D5 5 il o0 ()5 b e sreb
S (o b s ok (b e She O sa) s
s O3 fm 39 0 8 059 fmsl 45 Sl 0l iiia
SLafsn o3 et 5 4l OS5 5o o alidl- 55
bl e 53 .(10-12) & 5i go 0B oo 55 sl

Ol Eel 059l 48T s e Ol s Jia g

3 1399 3. 186 s)laids «@! ;W 0)9s

ohaijls Ay eole olEhSl alas



©)58) slasyslac LTy ggywio) § aioyiwl slepgeys G

40cmx40cmx40cm kel LPVC aax ¢ 51 ke
A o 0511 o 50 16 @ rr (ST eslind
o om0 S Ly (U150 59) Sl S~
w)jé‘f(sb‘QW)oM?@wy&u
Slaa o s30dd (b Olej e 5 55 5058 ) Clab
<) Grooming s Rearing slis 5 Jasee 5 65 0

(2120)3 51 o Jodl (Sla)ldy gy 2 (51 (53505

o T (Slime (5,5 o I sy

e T g Sl oalinl Ly (5 5a0 £l Ol o0
1 OT e ST (g giome (6,8 03101 (g .48 (5,5 o 3100
OT 835 mger 3 03595 £l 345 (65803 O ey o
:\;Gb’b a=,5060-70 los s e ‘_gj:faj\.\.;\
St Cob 0550l b s 8l 5ol T2 Stew
Oln 25 dgmnp 3l enliil L algins 5 LT e
(17) s acsloes <=:| ool Ol se 4 jae 8L ;';T

_ 3l e oS il o
g.;l Sl Ao )3 = "))bfw'ujj R0 x 100

b e 3L 05

Ok Syl 4y
Thermistorprobe Lw 5 b, 0 Jstls sles
H’Jfgf’J‘ﬁCHSJJ—;"Qf‘GSL‘“ZU "y
O (gles poalzia T 3,5 3 8 s 4 S o1l

33 elie T Goy 5 Sl e 5 0kd 4 S 011 Ol g

3 e 4tin 03 8 ol 3t opeltia T 05 -2
(14) (BMY/kg) el ziaTs LS| s ¢ oo 53 1!
s S5 sl s

o) 93105 s 5 055 el I 05,5 -3
I DUl g ¢ o0 55K sl 51 oy 48 a5, S
L3 STy ST s

wwog, S pl 3105 el + pmaliiaT e o5 $-4
5 omlatalu a SUl g ¢t 555l 3 gy ain
L3 5a5 3L 55 (14)(Imgrkg) O35 2l o2

05,5 ol 33108 iwsp +opeltia T 05 85
OeeliiaTin o Sl (2 5SS sl 1 e i d
(L5 ,S7 ol s (14)(BMY/KY) s xes 0

33108 s p 055 fml + paltia T 05 $-6
2 DUl ¢ oSl 3l 1 ey 4t 4w 03 S
3 ST 53 05 Al 5 058 el 5 peliieT

Cod Sloslial U 58 > 5 ol ksl gla b,
oLy lady ga )T plal Sl g S gl Open field
T La0T e cos SL 3 Laos 8 aes Sl
el 3y 50 05,8 1a Slaasgei 5l a5 s S
Sire 3 5 5l andlan 3550 s as 5 (B3
35 S glas ps mlasT gl 5,088 15

ol o.\.ﬁao}‘sﬁule‘)uﬁ}@‘

lhd s S s
NP R = N U PUPIESPE PY g JU (P

o Al oy s (Open field test) 5 ase- 05057

| 0il. E, Por E+P with or without METH

Rehaviaral test

Histalogy

(oerlaia T tMETH (05 255 2 1P ¢85 5 2l 1E ¢ oo 555150 1OVX) Landllan opl (6l ol sy &SGlad i L oslods 590

1399 3 . 186 s)laids «@) o )93

ohsjls (Aib)y eolc olahil alas 4



ul]lEnﬂgwgindﬁu“.ulu

Post-hoc (sLad 3T 5 ANOVA O 43T 355
3 (P<0/05) Sl ne cla_.ﬂ b eslial g4 s
A as § L

a4l

B S Sl e sl n g0 il
Grelida T e JLis %

S s e Ol ad b G il VT s
el Tenas oy 8 55 8l S >~ b O e
Al S 05,8 s 03,8 5 e
bl 53 o b 31(P <0/001) ol ails (5,15 sine
el ol 5 (o 4 055l 225 &7 s o0 OLES
OelitaTln o5 Jlis 4 (S o Sl 2al
5 3 0s s g s Az (P <0/05) 55,8
SN e 5 O 3 5 058 fel OLal 5 52 g
(L osles s ga) sl S > clab (g9,

Horizontal locomotor
activity (cm)

Saline METH Oi+METH E+METH P+MTH E+P+METH

Glros 8 o 53 o8l S Cdlab 4 lie 11 o led sl0ge5
+055 el ¢ CpalzinT Cae +005 i s ¢ pualita T e +005 5 2l
opalite T + Mo ¢ punlita T m + 05 255

3l 05,5 L sl 53 P<O/00L : **+

eliie T+ I 05,8 L s lia 53 P<O/05 1 #

rebide [ e SLis 4 ol o]
Olej Ode oS i o 0L S5l anlllas (glaasl
Jﬁj;):jlﬁwcﬁd)b;f).\)}—b—
ajjf\_:‘\_w_u.ﬂ): LYY a:JSC,.éL_):@.»L“.&.»TCM

—omen (P <0/001) !> Sols e Sials J xS

C;‘})’ dd—_{); 3] U C,-FL~654 20 claob;
035 peliiaT e 555 4535251 (clajss I3l 4

(B ds 8 o310 e a 0L gl ol

ozl anllon

sl s sl glaiolasT plasil 51 ey
e OT e 5 0ds & B g 1Ly (AR LT
ol B s CeludB Sneds Lo e Al C)L; YOCHCS
L 3kl (s B, gillas 5 edis o
Slallles gl bl lacS g gods 3 50s
oS Sl (55T, (g bk 03leT wlitizil
SilweseT I ool 150 slaeS5b 5 580
e ke 28) 5 KD cla s e glail,
95 3 o3lial b e 5 A3 4y (LS 51 S ie
sokSslaaa i bay wlacsl skl
..\.1:)? Sl K5, (22) o 5 5!

a5 S S 5 0555 S50 g0
S gysban s 5ol cnT b cudlw
3 o595 S5 Ny s Ay (Il Slal gy 8
elbadbw o 555 Gl 5 Ll tis g Sl
it 30y ot B oy o o BB 5 L
el 5l b ot G Bl 0l ST
jA_ba:Lé:_w\rYJ_Aé\ﬂA_l:é3:l.w4{joLw§1
0,55 slad gy s sldas g |5 sldss nd 51 ey

Lo osls floui g a0 j2oi
i SPSS 1531 p 5 51 (65l Slbwe S
b 3l L enls 035 Jle s luml ys s eslizul 18
Kolmogorov-Smirnov Test JL_s ; 5 Ryuryil
Laesls 03y Jajanam s Lgodas S om)
LT 5 Laey 8 o (oS (St puits ds e Cgr
53 esliz wl (ANOVA) b b oS byl
s 320l 5 s (6 o3l i g la s

13 =aa 3, 50 53 i osli ) Repeated measures

5 1399 3. 186 s)laids «@! ;W 0)9s

ohaijls Ay eole olEhSl alas



©)58) slasyslac LTy ggywio) § aioyiwl slepgeys G

D> S 25 5 4 s g l3 sme 2alS” Rearing
Ol palztale O meze Jlis 4 55 03,87 S3L o
03,5 L3l y3 Dy pwdsn o glaey 8 s iz pa ol
P35 Ll san Dl Koy £ 0l5e L sy
.(P <0/05) sy OLES s g a:JS bl s s
Sl e Dol oS s o Ol andllas o) (glaasl
Ol oy O3 nls g 3 O3l oS (23 5 53

(3 o bt ls gad) Bl 55 Lid g 05,5 5L s

Rearing (events per session)

saline METH QiHMETH E+METH P+MTH E+P+METH

-

Grooming (events per sesseion)

Saline OiMETH E+METH P+MTH E+P+METH

o 93 8Kns 5 5 53 5m8 IS o lab aslie B ol oges
copelnaaT o +0 s (omliiaT o +05 5 ml (sloog S
coeelia T oo + Mo ¢ pealitan T Cn + 05 205 5 5+ 0 5 5 2!

3l 03,5 L sl s P<O/00L : **+

eliie T+ I 05,8 L s lia 55 P<O/05 1 #

Jlis 4 (6 440 r:/ﬂ&'/yu.;u“‘_glédfjﬁjf/@w
Ceelide e (5 0ze
Sira gl el Ol s 4 e (2L T (sl s
e p3l S 5ls 0l (T LT s a3 8 s )
ol 0l 35003 8 8l 53 cpaliieTiw S as s
23 7853 Bk jsils £S5 0s 8 4 o (gl gme
OJJSC,JE)}Q);};_.w‘g@};))LG—SMUQ&J‘
o S 13 50 A e (L OT (gl giome Ol s Lin g
O an Sz 4y 351038 3l ys I S (25 5 4

23 5b amer Sl 3 asme 3 e Ol Dl
g;@baﬁa:;&li):meQS@j;
(P <0/00L) eals g s oime ol 551 J S 05,8
s 059 il s JusyowéjuT@t.}
s5a= Sy S ey gl il B sl (615 sme
Oerliia Tl O e JLinas Jb amr S 53 Jame 5o
Ol 5 5 (o Les 4 D pnp 5225 (P <0/05) s
23 sl Ol Sl (555 Sl e S 059 2l b
s dlis o 5l dmer Sl 53 55 0 L 5 Las

(2 o‘)w )‘:_}w) bl u.:.AL‘Z.ﬂ.ATCM

-
= 30
B
£ T
o
g 20
s
[-§
£ 150
£
c
& 100
2
o
E
E
saline METH Oik+METH E+METH P+MTH E+P+METH
I
=5
o
o
£y
[N
o
c
£ 5
=
c
[
Qo
23
o
.E 10
F
Saline METH OikMETH E+METH P+MTH E+P+METH

Glros S o )3 sl ah (gla, ) dulie 205l sfges
+05 5 il ¢ Cpalzin T+ 5 i s ¢ pualzinl e +05 5 20l
it T + UM ¢ ppalida T Cn 405 s

ol 0 5 L slia s P<O/OOL : #+*

omalzia T + U 03 5 L e 3 P<0/05 1 #

S el i L ey g o LS
Crealide [ w3 poe JLis 4 (53 308

S o llad 45 s e Ol ol ol

S 255 ,>Grooming s Rearing Jsls g3 50s

Sol3 =na el 58l e 05, S bl s ‘;,:.nl_:.&.»TC,.A

S 238 Ko b Sl U os 8 e o

Q_:ff- C,_:JL«SQ‘J__.A -L;:ﬁ a:JSC,_'%li).S Qj),‘l.w\

1399 113 . 186 s)ladhs @) ¢, )93

ohaijle (Al eole slEmIL alas 6



uljlﬁnﬂgwgindiu_m

Golsme gl Loy 5 e ys Lol (P <0/05) 515

(6 aJLo.fh J‘Q‘}«J}ZQJLQ-&J-L}«G;) Ca.i‘.\:':ﬁ-}

39

Body temprature (°C)
w
4

35

1 2 3 a
Dose
—a—3aline —@—METH —mOIHMETH —O—E+METH =0 P+METH =0 E+P+METH

Glaos 8 o 53 0 Syl a3 sl 15 o et 50505
+055 el ¢ CpalzinT Cae +005 i s ¢ pualita T e +005 5 2l
i Tl + UMt el TCn +0 5 2§ 5

3l 05,5 L sl s P<O/00L : **

oeeliia T + I 03 5 L aslia ,5P<0/05: # ;P<0/01 :

o= CAL b 53 0k 55 S5 s Jole 55 2 05l 198
comliaal o 05 8 55 Bed 157 09 8 53 1AL (N=4) Sloys slaos §
comrliaaTn 4055 il 09 8 551D ¢ pabiialn + Do 05 855 1C
+05 5wl 03,8 33 TF comaliialTCn +05 5wsp 05,8 53 E
o QLS o Gl 26 Bl (o0 (alihaT i #0053 255
335568 Ll g s okt DL o 3 SHS 5 ol slad sl

(Scale bars = 50 um) .Lleds

Parcentage (%) of neuronal loss in
CAl

Saline METH QikMETH E+METH P+MTH E+P+METH

CAL 4l 53 0is 5 S5 a0 s 55 Ao 55 da Lis 6 0 3ads 50905
cSle)s gleos S om s

3l 03,5 L s lia 3 P<O/00L : **+

eliie T+ I 05,8 L i 5 P<O/05 1 #

ROW PREPH AR WP AR RS- WGP At

Laos S Ll ys el (P <0/05) 51> Oles pualziaT

(4 aJLo.j‘ ‘)\:_}a-;) ISR 3¢9 ‘_QJ\:L;'JLA Q}w

wom W omow B
s 3 38 8 8 8

Water content(%)

o T T T
Saline METH OikMETH E+METH P+MTH E+P+METH

Glros S o )3 ke Bl OT (gl sie dslin 4 ol o905
+05 5 il ¢ Cpalzin T+ 5 i s ¢ pualzinl e +05 5 20l
e T + UM ¢ ppalida T Cn 4005 s

ol 0 5 L dslia s P<O/OOL : #+*

oealzaa T + U 03 5 L e 3 P<O/05 1 #

GO Syl am s Gl a0 sey 0 ST il
wtzml;« D s JLis
Ol Sl a3 a8 s e Ol (g5l T SJUT
23035 03,8 bl ys ealiial e 4_{‘;&};)5
IS 05,8 4 Lo (Sl e 2531453 (slasso
oS 25 8 s als ool ps K05 ok sl
Olead 53 (slajss ;5 ¢ 55m03 8 33 03 2l
oS a5 8 4 e Solssian 2SOl o a s
wL:.é.»TC..A O e JLis 4 3503 ,8 Cab s M
Sl Lsog 8 5w s Lol o(P <0/05) sls ol

(5 ol I3 5a0) I 3 g2 5 (gl ne

23 S S ey e Lad gy 38 b
oS 5t CAL 4>l
6E 0 aS was e L Sl anlllas glaasl
S 258 55 S 5 CAL b s g0
Gol3 =na gl 58l 0505 ST bl o crelzie T
ol 03 8 b lcals J,mS ey 8 4 s
dfﬂczﬁaaj_fc,é\uzoj}fJS@};):«JUM
Pl oS 25,8 4 S Slssne A Sss5
Ol pmaladea Tl O pmmn Jlis s 59 05,8 3L s

7 1399 3. 186 s)laids «@! ;W 0)9s

ohaijls Ay eole olEhSl alas



©)58) slasyslac LTy ggywio) § aioyiwl slepgeys G

o 33,5 o ealiha Ty o iy 5,50,
Om 688 bl a8 Conl ol et il Slalls s
558 5a CAL ol 55 5 Sas 5 (w21
2N) 3515 35 5 ) bl la el
5,8 sdalie (28) 01, e 5 HO 4 ol s
2 I el 4 e aliia T S o S
amslie 53 5 gl ge 3 CAL & 33 1A S s
S Sltalie buly cpan 3 358 0 IS 0 5 L
b1 S 5555 Sy g 45 Sl OT
NSl i 3l i 53 S5 )50 Sl i 4 e
Site S A T LS (55555 O gl 352
DLt bl s bl allan 55 (29-32) 555 o
?szejjjgfqﬁmwtb'ly@ S das g
S sep &S 0T 511 .::Jf@ S 5.0 CAl
ol elidaTn 5l (5L S 55 4 Sl 4
S )5 G 55 LIS am 5 Ly
Al e glajls b Sa55 Sy mbiaTis
23 =S 52 CAL el 3,55 5 o ey oo i
a eap 3 il Sl Sl gl e la L LS
0 s 45 Sl OT 5l Sl s Slallls
S LS b 4 e elnia T 68 ) 5
44 osh o Sl oS smle g 515 Ll
g 551353555 Sl slen e 2L Ol s
OT 5 S baasly ol allan s 050k 355 0
RS A e 05 S 5 O35 el e &S Sl
L 33,8 oo oS 5on CAL b 3 )5 &5 e
Lol j5 2 55 omaS s Glad v Connl 4 5
L L e Ll 5 oo S305 5 o Al o el 4
5038l g5 Jiy gl glas Slas 350
a:j:_..fQL’JUa.A e ed 35Sl Oy 2wy
S5 s 55 5 eS| 5T i 5 S
13 Ol (o s iy SMad GLalse, 50
097597 5 058 5l & das o O S5l laaly

5 omeS sn a0, 5 53 Sass S e ialS sl

| ST G | R VRIS [P [
gl el SV (655 09 s 5 5 055 !
23 GeelzaaT e Lo g odd LA O (glas (6 52
o) Glaasl s b ol e 5K il Sla g
sty il el abiaa T o 5l 0L anllan
338 o0 Oy Syl )3 5 (S 5e p3l (gl Sl 4t
03,5 b s O.:.nl_:.é.»TC,.A S ola ise 53 puoman
I G555 S e s lad b sl Lisy
b sty e os, 8 0 i oSt
055 7l 2yt M Sl s g0 o S
9 SR C:‘ cdﬂjla.;!\)\_:é) slajesli 5 Lol
OerlitaT i ST ola g 55 O o)l s
OLAT}: O ¢ Jmlie 53 S (s 03,5 sl s
S — Sl e 51 O 2wy 5 055 !
Syl o g3 5 (G jhe ¢3! (ol sl )b, gla ey
didg 03,8 Tl s meliteTw aS7 Sla Sse 55 O
el Al
593 Gy 4S sl Ol aallles ol ©okd, s
ad glaylsy 5y Eely pmlzaaTow (6Mg/kg)
et plonil Sl L b Gl o5 355 gn o) bS]
ETSEIC ST A LIVRC S PR P WS
ol 53 (24-28) ol ol sl 4k 5 (s, YD
Gmop 4 Ls S sdaline (25) 01, en 5 StUMNILZ ais
23 G 5 O palsiaTs (Amglkg) S5
Cllad ol e ey S5 Gg Ll A
i 323 8 or o e sk sl 5 s S
e oS Llesls 0l (1504) 01,800 5 g5 s
56,550 Il as e (BMY/KY) moliinT e
Nl 50 5 558 00 i yse 2T Sle o o lad absl-
Jds Ol g2e 4 Long Term Potentiation (LTP)
238 o sl Soe GV 5b 55 65 L 55 SN
J‘.:HJJCMH.\JM\:QWNU@@U:W

1399 3 . 186 s)laids «@) (o 8)9s

ohxils (i) eole olaihil alas 8



ul]lEnﬂgwgindﬁu“.ulu

Ce s Ulg o La i3S sl b 5y i Slllas
L Olays duas g Ol ST aal alisee gl oS5
(Solas Jds g5 @ il 5 o0 O i b/ 5 059 )
o5 5 Ola) Dl L (i U omad 9 e (590
AL Lo e ladsa) 98 opl b Oleys

Slad ge a8 Ol 51 585 ‘_;LAM&A RUE
SRS 53 05 s 5 058 fl o patas SlasS
e 53)5 85 a5 Ok Sl 3 5 SR ¢3!
S la e, L il 5 e O say 50 () Ll s
S p05 S Gass5 6S es e slakis,
j\Q_{L..\_b_L.JJL«;\ (S R €:| el e
eliaa T O s Coblatn s oo lalle
515 ol Gl 31l gk 515 S 1
21y $5555E p gedch S e Sy Sk
059 el 48 Sl olds jadeinain opl 535505 o
1> (s M b S5 odS ol (6513 50
S sl b &5 o 51015 on 55 bl 511
laoets g Oy 23 G b 51050l romen LS
bel-2¢ Bel-xl L5 (g5 5T dslbe (55 5T s
255 Sayp bl Lol

Faas &S b ols L andlas ol 5o (groes 5
5@y sl e bt 68 5 5
Sl s IR 58 5 sl 4l s, S
CAL 4ol (sLad 5555 (Jokhor €5 50 5 (50 g3l O
uameUua\):w.n;@;erﬁ
354 b 055 ol o by Sliais a0 a5 58 &S
(S R (a:\ cel sl Gl gla estls als Eel
&:ALLAATCMJL;LAJ)A):QA_:Q)|J_>- 4>y

.::Jf@ g es S bl

References
1. Cruickshank CC, Dyer KR. A review of the

clinical pharmacology of methamphetamine.
Addiction 2009; 104(7): 1085-1099.

.(33—37)::J_f°_ﬂ bl aci slajliy sy g
s S g sa SIS s sl Se
Slallas Lal G adeinn gl sbas Shes (695
G b Ny s O3 05 mal &S das oo Ol LS
3Ly )uos 3Ll el a5 5 )
dles!l 35555 SRIH) =5 5 3o sl dba b
(38-40) 1S e
G205 4S5 Sl 0T 1 (Sl ol aallls s
> il 8l i alnie T S S 5 55
J),Ja;m.njfé_ﬁ_;)_;ﬁﬁu__.;ja.t_,;;,\f-
533 G5 aS Sl esls 0L i s Slalllas
Sl a3 ol 33l ol pmelzieTow ¢SS 5
5 4l (Jlie Ol g 4 '(41‘4)”;9—‘ S r:b
Sl 5 355 lacs,y 55 48T uSs S edalie OSKea
i e (BmMY/KQ) onlzieTim o5l 595 G5
Jf.:fa};l{«m{&ﬁ;))\F4;-):)|:°.‘a.ﬂui.1\pl
057l 5055l Goo5 polom anlllae 53555 o
..L.ia‘_gj'_i.ﬁvﬂj'_gj;;)lﬁq):ﬁl_fgﬁm
103 3 5 055 el DLl G s A
Js—=s B jes Ll 9o ) (69,5 Solooine
Olis Slallas ain) et 53 LBl el zinT e
SRS Lol Oy s 5 055 el 3 g2 45 s o
33,5 54 G55 h 5ra e T Iy S0 )
037350 5 (1MYIKG) 035 il 5 g (slanlllan 3
o Sl Jdos 3 (SR 0 Jss « (Bmglkg)
g JB S5 s e el a4 e gl e
ol glaassl OBy o ol ol Slllae s
ol O3 3 0o 033 5l OLl 5 52 2 il

o sl ol (1706) 43 8 (g 5ie ool 2alS

2. Davidson C, Gow AJ, Lee TH, Ellinwood
EH. Methamphetamine neurotoxicity: necrotic

and apoptotic mechanisms and relevance to

9 1399 3. 186 s)laids «@! ;W 0)9s

ohaijls Ay eole olEhSl alas



©)58) slasyslac LTy ggywio) § aioyiwl slepgeys G

10.

. Khalifeh S, Khodamoradi

. Shahveisi

. Brann DW, Dhandapani

. Cordellini

human abuse and treatment. Brain Res Brain
Res Rev 2001; 36(1): 1-22.

. Glasner-Edwards S, Mooney LJ, Marinelli-

Casey P, Hillhouse M, Ang A, Rawson R, et al.
Anxiety disorders among methamphetamine
dependent adults: Association with post-
treatment functioning. Am J Addict 2010;
19(5): 385-390.

M, Hajali V,
Ghazvini H, Eliasy L, Kheradmand A, et al.
Naloxone Ameliorates Spatial Memory Deficits
and Hyperthermia Induced by a Neurotoxic
Methamphetamine Regimen in Male Rats.
Galen Medical Journal 2019; 8: e1182.

K, Khazaie H,
Khodamoradi M. REM sleep deprivation

Farnia V,

impairs retrieval, but not reconsolidation, of
methamphetamine reward memory in male
rats. Pharmacology  Biochemistry  and
Behavior 2019;185: 172759 (Persian).

K, Wakade C,
Mahesh VB, Khan MM. Neurotrophic and
neuroprotective actions of estrogen: basic
clinical

mechanisms  and

Steroids 2007;72(5): 381-405.

implications.

. Stein DG. Progesterone exerts neuroprotective

effects after brain injury. Brain Res Rev
2008; 57(2): 386-397.

MF, Piazzetta G, Pinto KC,
Delattre AM, Matheussi F, Carolino RO, et
al. Effect of different doses of estrogen on
the nigrostriatal dopaminergic system in two
6-hydroxydopamine-induced lesion models
of Parkinson's disease. Neurochem Res 2011;
36(6): 955-961.

. Bruce M. Estrogen Actions Throughout the

Brain. Recent Prog Horm Res 2002; 57: 357-
384.

Fernandez SM, Lewis MC, Pechenino AS,
Harburger LL, Orr PT, Gresack JE, et al.

11.

12.

13.

14.

15.

16.

Estradiol-induced enhancement of object
memory consolidation involves hippocampal
extracellular signal-regulated kinase activation
and membrane-bound estrogen receptors. J
Neurosci 2008; 28(35): 8660-8667.

Craig MC, Brammer M, Maki PM, Fletcher
PC, Daly EM, Rymer J, et al. The interactive
effect of acute ovarian suppression and

the cholinergic system on visuospatial

young
Psychoneuroendocrinology 2010; 35(7): 987-
1000.

Inagaki T, Gautreaux C, Luine V. Acute

working  memory in women.

estrogen treatment facilitates recognition
memory consolidation and alters monoamine
levels in memory-related brain areas. Horm
Behav 2010; 58(3): 415-426.

Gibbs RB. Long-term treatment with estrogen
and progesterone enhances acquisition of a
spatial memory task by ovariectomized aged
rats. Neurobiol Aging 2000; 21(1): 107-116.
Ghazvini H, Khaksari M, Esmaeilpour K,
Shabani M, Asadi Shekaari M, Khodamoradi
M, et al. Effects of treatment with estrogen
and progesterone on the methamphetamine-
induced cognitive impairment in ovariectomized
rats. Neuroscience Lett 2016; 619: 60-67.
Ghazvini H, Shabani M, Asadi Shekaari M,
Khalifeh S, Esmaeilpour K, Khodamoradi M,
et al. Estrogen and progesterone replacement
therapy prevent methamphetamine-induced
synaptic plasticity impairment in ovariectomized
rats. Addict Health 2016; 8(3): 145-156.
Naderi V, Khaksari M, Abbasi R, Maghool
F. Estrogen provides neuroprotection against
brain edema and blood brain barrier
disruption through both estrogen receptors o
and B following traumatic brain injury.

Iranian Journal of Basic Medical Sciences
2015; 18(2): 138-144 (Persian).

1399 3. 186 s)laids «@! ;W 8)9s

ohxils (i) eole olGiils alas 10



ul]lEnﬂgwgindﬁu“.ulu

17. Soltani

18.

19.

Z, Khaksari M, Shahrokhi N,
Nakhaei N, Shaibani V. Effect of combined
administration of estrogen and progesterone
on brain edema and neurological outcome
after traumatic brain injury in female rats.
Iranian  Journal of Endocrinology and
Metabolism 2009; 10(6): 629-638 (Persian).
CW, Hoffman SW, Stein DG.

Behavioral effects and anatomic correlates

Goss

after brain injury: a progesterone dose-
response study. Pharmacol Biochem Behav
2003; 76(2): 231-242.

Shear DA, Galani R, Hoffman SW, Stein
DG. Progesterone protects against necrotic
damage and behavioral abnormalities caused
by traumatic brain injury. Exp Neurol 2002;
178(1): 59-67.

20. Antoniou K, Papathanasiou G, Panagis G,

21.

22.

23.

Nomikos G, Hyphantis T, Papadopoulou Daifoti
Z. Individual responses to novelty predict
qualitative differences in d-amphetamine-
induced open field but not reward-related
behaviors in rats. Neuroscience 2004; 123(3):
613-623.
Ranjbar H, Aghaei I,

Shabani M. Angiotensin 1l type 1 receptor

Moosazadeh M,

blocker losartan attenuates locomotor, anxiety-
like behavior, and passive avoidance learning
deficits in a sub-chronic stress model. Iran J
Basic Med Sci 2018; 21(8): 856-862 (Persian).
Shakouri E, Zareh F, Majd A, Ahmad, Haghigh
Hassanali Deh H. Effect of Rotational Speed
of Drill Bit on Surface Defects with H&E
Stain in Bone Drilling (An Animal Study).
Iranian Journal of Orthpaedic Surgery 2016;
14(1): 16-23 (Persian).

M, Ghazvini H, Esmaeili
Mahani S, Shahweisi K, Farnia V, Zhaleh H,

et al.

Khodamoradi

Genistein attenuates seizure-induced

hippocampal  brain-derived  neurotrophic

24.

25.

26.

27.

28.

29.

30.

3L

factor overexpression in ovariectomized rats.
Journal of Chemical Neuroanatomy 2018;
89: 43-50 (Persian).

Schutova B, Hruba L, Pometlova M, Rokyta
R, Slamberovd R. Responsiveness  to
methamphetamine in adulthood is altered by
prenatal exposure in rats. Physiology &

Behavior 2010; 99(3): 381-387.

Struntz KH, Siegel JA. Effects of
methamphetamine exposure on anxiety-like
behavior in the open field test,

corticosterone, and hippocampal tyrosine
hydroxylase in adolescent and adult mice.
Behav Brain Res 2018; 348: 211-218.
Arakawa O. Effects of methamphetamine
and methylphenidate on single and paired rat
open-field behaviors. Physiol Behav 1994;
55(3): 441-446.

Bannerman DM, Sprengel R, Sanderson DJ,
McHugh SB, Rawlins JNP, Monyer H, etal.
Hippocampal synaptic plasticity, spatial
memory and anxiety. Nat Rev Neurosci
2014; 15(3): 181-192.

Hori N, Kadota MT, Watanabe M, Ito Y,
Akaike N, Carpenter DO. Neurotoxic effects
of methamphetamine on rat hippocampus
pyramidal neurons. Cellular and Molecular
Neurobiology 2010; 30(6): 849-856.
Schmued LC, Bowyer JF. Methamphetamine
exposure can produce neuronal degeneration
in mouse hippocampal remnants. Brain Res
1997; 759(1): 135-140.

Dawirs RR, Teuchert Noodt G, Busse M.
Single doses of methamphetamine cause
changes in the density of dendritic spines in
the prefrontal cortex of gerbils (Meriones
unguiculatus).
30(3): 275-282.
Williams MT, Brown RW, Vorhees CV.

Neonatal

Neuropharmacology 1991;

methamphetamine administration

1

1399 3. 186 s)laids «@! ;W 0)9s

ohaijls Ay eole olEhSl alas



©)58) slasyslac LTy ggywio) § aioyiwl slepgeys G

32.

33.

34.

35.

induces region[ispecific long[term neuronal
morphological ~ changes in  the rat

hippocampus, nucleus accumbens and
parietal cortex. Eur J Neurosci 2004; 19(12):
3165-3170.
Sharma  HS,

morphological

Kiyatkin  EA.  Rapid
brain abnormalities during
acute methamphetamine intoxication in the
rat: an experimental study using light and
electron microscopy. J Chem Neuroanat
2009; 37(1): 18-32.

Zhang Z, Hong J, Zhang S, Zhang T, Sha S,
Yang R, et al. Postpartum estrogen withdrawal
impairs hippocampal neurogenesis and causes
depression-and anxiety-like behaviors in mice.
Psychoneuroendocrinology 2016; 66: 138-149.
Miller NR, Jover T, Cohen HW, Zukin RS,
Etgen AM. Estrogen can act via estrogen
receptor o and P to protect hippocampal
neurons against global ischemia-induced cell
death. Endocrinology 2005; 146(7): 3070-
3079.

Jover T, Tanaka H, Calderone A, Oguro K,
Bennett MVL, Etgen AM, et al. Estrogen
protects against

global ischemia-induced

neuronal death and prevents activation of

36.

37.

38.

39.

40.

41.

Walf AA, Frye CA. A review and update of
mechanisms of estrogen in the hippocampus
and amygdala for anxiety and depression
behavior. Neuropsychopharmacology 2006;
31(6): 1097-1111.

Reddy DS, O'Malley BW, Rogawski MA.
Anxiolytic activity of progesterone in
progesterone knockout  mice.
Neuropharmacology 2005; 48(1): 14-24.
McEwen BS, Alves SE, Bulloch K, Weiland

NG. Ovarian and the

receptor

brain
aging.
Neurology 1997; 48(5 Suppl 7): 8S-15S.

Murphy DD, Cole NB, Greenberger V, Segal

M. Estradiol increases dendritic spine density

steroids

implications for cognition and

by reducing GABA neurotransmission in

hippocampal J Neurosci 1998;
18(7): 2550-2559.

McEwen B, Akama K, Alves SE, Brake WG,
Bulloch K, Lee S, et al. Tracking the
estrogen receptor in neurons: implications for
synapse
Proceedings of the National Academy of
Sciences 2001; 98(13): 7093-7100.

Camarasa J, Rodrigo T, Pubill D, Escubedo

neurons.

estrogen-induced formation.

E. Memantine is a useful drug to prevent the

apoptotic  signaling cascades in  the spatial and non-spatial memory deficits
hippocampal CAZ1. J Neurosci 2002; 22(6): induced by methamphetamine in rats.
2115-2124. Pharmacol Res 2010; 62(5): 450-456.

1399 3. 186 s)laids «@! ;W 8)9s ohxjls (i) eole olakil alas 12



