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Abstract:

Background: Curcumin, as a polyphenolic compound in turmeric plant, has a
neuroprotective effect in the improvement of learning and memory. Curcumin has
interaction with diverse molecules, e.g., nitric oxide (NO). The present study dealt with the
effect of curcumin pre-treatment on morphine-induced inhibitory memory impairment and
nitric oxide metabolites (NOXx) level in rat.

Materials and Methods: In this experimental study, rats (n=40) were divided into four
groups (each group, 10 rats) and their memory was evaluated in an inhibitory memory
apparatus: Control (saline gavage for 35 days+post-training saline (i.p.)); Curcumin
(curcumin gavage (10 mg/kg for 35 days)+post-training saline (i.p.); Morphine (saline
gavage for 35 days+post-training morphine (7.5 mg/kg/i.p.)); Curcumin+Morphine
(curcumin gavage (35 days)+post-training morphine (i.p.)). In all groups, the memory of
animals in the second day (test) was reported as the time delay (Sec.) to enter the dark
chamber. The locomotor activity was evaluated using the open field. After behavioral tests,
the brain of animals was removed under deep anesthesia for evaluating the NOx level using
the Griess method.

Results: The time delay to enter the dark chamber in Morphine and Morphine+Curcumin
groups were decreased (P<0.001) and increased (P<0.01), compared to Control and
Morphine groups, respectively. Tissue NOx levels in Morphine and Morphine+Curcumin
groups were decreased (P<0.05) and increased (P<0.001), compared to Control and
Morphine groups, respectively. Locomotor activity in open field did not show a significant
difference in four groups (P>0.05).

Conclusion: Curcumin improves the morphine-induced inhibitory memory impairment in
rat, probably via the NO signaling pathway.

Keywords: Memory, Learning, Curcumin, Morphine, Nitric oxide

*Corresponding Author:
Email: ardjmand_ab@kaums.ac.ir
Tel: 0098 315 554 0021-5(3514)

Fax: 0098 315 5621 157 Conflict of Interests: No
Feyz, Journal of Kashan University of Medical Sciences, April, 2019; Vol. 23, No 1, Pages 1-9

Please cite this article as: Kharazmi K, Heydari A, Ardjmand A. The effect of curcumin pre-treatment on morphine-induced inhibitory
memory impairment and nitric oxide level in rat. Feyz 2019; 23(1): 1-9.



http://feyz.kaums.ac.ir/article-1-3761-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-10 ]

(s oy 9 (38590 3 (el aliinl Aliila JSEAT 53 (320 65555 b Loyt S5

AL T S )58 (hige 3 alus! S 3 (slaca galie

Y Y \ \

.
R S - P ’ Sk 5351 ¢ (5515 0 bl

1AM

Joo e Gad e b Joles 5 e cBlim S L a5 ol wg2)5 ol 0 2z b B e sS)sS 1R 9 diile

S B bl dadle IS s pagS 568 1 s 4 adlae cpl syls 1B S ld OYNS 3 pg 5 (NO) wlaST K 25

23l ARG5S 53 NOX) LU 5 glacd plio s gy 2 5 b 50

33 (b LT il 5 5k 5 odd s 26V 09 S Y & 5 AKBLST S5 Bss e Fr o Rasn cnl 5o HBH9) § Sge

o5 535 5158 555 Y0 S ysS 655 5 (V0 mlKE) b 515 55, YO JRS g8 iad s ol Al oKaus s 5y,

03,5 5 ol 5198 505 Y0 ndyge 08 s S S3bys il 3l Sl S pdle S5l 55y 05 g s (V0 mglkg)

Fogl 5l g (VIO MEIKE) Sl 51 by g0 55500 555 53 e 5 (V0 MEIKE) o o8558 5158 55, YO by gt e 55 5 55

ol Al oBaws s (456) K, ST 4 5555 56 by Do isal 1 o S 53 Sllge Al s S S3L s

P304 NOX gl (5o (o 58 o6 Jo 95 5| s 5 0 o OPen field oo 53 S o Cdlad s S 51

A (S o3Il e S

GPosr 035 & o S5 8SHbssn 035 53 5 P<N) JalS S 0n B a ol e 05 8 58 ol il mls

eSS0t osge 038 53 5 (P<e/i0) falS JRS o8 4 Comd bose 058 53 55 NOX gl cidls (P<e/eV) a5l

P>0700) Cldlhi Loy 8 o golobims puis S o Codlad Liils (P<t/00 V) il b )90 09 8 a5 Sl

AT S hae 53 1y bsse 5l AU ] il I NO Ji&ew s Go b 51 Ylain| s o5, 55 16 8 4l

e 3 ke

ST S 5 by g0 055 (8 2SO Al ST OIS

V-8 Olbio QA Sl )l =598 ) o,led P 9 S 0993 (oD piagh — ke wlisle g5

“h sS4 Ams e DL Sllge s Sk Oldlas
S s pbign JISET Gl hs Shes bl (551 Al oles
b V] A8l edd o s asls b Jule b il
oS ol (1) g0 0558 4 55 bled b sbdm sl cmd ST S
Lol 53 580 Sbluy G-uSsn b 51 0T solge 5 Shes
Wy Ll cel GTPase ol o b odyse Hs54e
0 CAMP w5 wle 59K S ‘..5}3? 5 L 5 cGMP
T e |y bl e 4 e dS 550 5 ciles b e o
JS ) hoge sl e & il ead 18 [A] a8
(NO) wlest S 2 [] &S 0 (6,5 slr Dl g o il
el fKa & cwl K5 6 s mle o
S s il baw s NMDA ok,8 o5 (g 50 5 Sl
NPT AN 31 5 g (NOS) ke A
4 AU e 4ad LNO [N] kS 0 foo 555 JSS
s3be b Dl s a0 sl gl 4
Mg il b oomesS,sS a5 das s 0L Oldlas [VY]

4y 53 NO clile 2l 5 NOS @3l as gyl

doio
355 obS 3 susgN L Jgddy B oS, sS
(IS T ST 31 e gadaie S5 5SL,U LT 5 es g s
e V] 3yls il By e bl oledlas
Blaal b ol Jole Jold ) sS0e Jlesl 53 e sS,68 S1 Lol
Y]l B Glusply sl s @i 5 e S
Oljs 5o (peas CBli> Wi )ld Cools b 5 55,65 e
S 3 opsSasS Spae [f] el e plE W
[F-5] ol 530 SUlgm 55 6 ,85L 5 alibl> oz YD

pole olils ppmiils Olidins €isaS sTsly jud 3l uli)lS (spomiils '
Olplolals Olals S5y

Ol LIS QLSS (St jy pole a8l s lae jud i3S a eslutils "
OIS (OIS (S 3y pole olKatils (S iy 035l c(sJialy b 09,5 Huitils ™
ol !

tolunns oxiusygs 30k *

SI8Ig 58 Oladios S po WIS (S 3y pole s8Il (LIS

< ¥) 0OFYF 110V sunigiys < ¥) 0OOF- P s0all
ardjmand_ab@kaums.ac.ir 533 Camy

1Y/ 1+ /PY saled dingdy 0B 1PAY/9/1A wcadlyys ayG


http://feyz.kaums.ac.ir/article-1-3761-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-10 ]

o caladle WSS gy e oS 568 L Oloys i S

5 okd 4 036 ) 4 bl el 51 615, 62018

.QJ;JU; oslawl )40

ozl Sk oKaws s alasl> O o)

el oSl s s bl wypy Oge)
(O 51~ 5 ,5) Maze router < ,s sl (Step-through)
ol 555 de oas b plomil (0g03 5 B5900) 555 55 b
VXY XY lal 4 LU 5 by SOUI g Juls i
S Lphpe M e 5l S 0 b &S el sl
S WL R W PR TSR S PTS EIPUIR SN CMIE S PR S
slp 2l LA colie (KAl S e oslml cg erll e
Y ool Aol b bss Olge Il oliws b Olge i3k
4 e 5 B HIF OB 2 s 43U Y Sesy b p akds
Al o) O3a51 55 53 4iES Y 51 e S 0kils S5b 55 S
o 338 18 s SO s o) 4 oy Dl (3540
3 KU S @ Blg 3950 Slom A 5L s 560
(50 Hz, 3 5, 1 mA) wlasis b K S S b codd dig
3 s Fhae il e S e A esls e b
dslae (5,555 0 f pluly 5 ead gl KL SSU
Sl o 43 Ol g s 5 00 plnl Fosel 3 e 9l
ol S (day ol YF) £5 555 53 b okils B3 5 5
5 S3F A by KB s 5l s 4 Sy Ol g il
Sobre Olgoa B SSUT @ Ol g 23,5 (a30) Sbj 50
5 4slb Yoy Oga3l o e Sley e s 8 oud alibl ol p
DA

Open-ﬁeld o&aws BE b‘):"" @5,‘» c,.:“a.& R
sl 4 K8 mp Kb S oKaas ol
bt i3l b 5 olams S el fa il VYXVYXYS
2 b Gy o Bl WA a3 VP 4 K500
CCD ppbs omos> K ouws 4 Cod YL gl
g (01 k2 ,9) Maze router o gase Hizle 5 4 Joais
s cpl 33 (S gy p Bl L3 Ol O ol
0 5 (bl o o) assal o po 51 G 4253 0 ) 53 b
b g odd (b Sdles JS 3 plowil §ge5T Al o 5 Any i

8] 458 o 153053 b Dl

NOx ch.»‘_;,;;;l.ul

hﬂ‘ﬁg}:ﬁ}e.&.ﬁcjbwﬂ}iﬂg}sﬁ‘kw

Voo led [YF 005 [VFOA|Cigua,l 5 058 | b asbioless

s G 5 B sse s PRKG g M0
VS g gt ey [IFIY] A5 0 a5 NOCGMP/PKG
Olgoa o sSHsS Wb bl 5 V0] ol gladle s 5l
{F] s SV 51 (5,8 5 o 0> b 03l 5
ol dadls WSl 5 S 508 J1 pwp addlas cpl Oaa
G o 2 NO glacd gl plaw o) 5 oddose 5 S2U

ol 25T S5

by 5595 9 dlgn

S G o TSI s ol 5
350 08 YA G55 5Kl b Sy ol 5 AR LT
5 YYEYC ol kil coo oligs a8 15 e
15T g s b il VY gl (S0 (5500808 5
Sl 53 @b 0 glaes S ys p wBE L3I, Of &
B I e P
U 5 APAF oylad b Sl m b oal LA (5,06K DL
£S5 IRKAUMS.MEDNT.REC.1393.26 33!
LUl Say psle Kzils (5,58 5 Slidss Ciglee ENS
S5k aeS Ol cou sl sla bl aes 5 o
Fas 4 Sl e b S5l ads S 51 ey D plxdl
3 o oesSosS WES) UV 8 Y s el
05,5 Ldd 5,1y Sl (5585 b3l a4 (o) et e sS 5 58
G5 e 3590 YO Seny ol 515 )ls eommea (J S
05 1S Sdbys 1) sl S m pdle Sle 5
S[VP1 O mEKE) e g8, 58 5158 555 YO Sdots e sS 58
Sl ) sl 3l gm ol Bl 51 GiF e
G105 e 9590 YO Saty ol 5158 s ge 09 £ 10 S
by 1y (V0 ME/KE) iseel 31 e oboge Blhw JSIs
98 ey YO Sdew GebosetomsSHsS e S g S
ghose Sho JFs GiuF e 5 (V0 MPKE) s S, sS
b b Sldlas L5 S bl 1) (VO mE/kg) i5sel 5 m
ARLLT S5 e 53 osge 555 de 50 48 sl 0L
Loy S aen Sllgo aiil> [VV] 55d 00 aliil oy 50 sl
3353 S5 Ob) S pon (05031 550) hisel 51 s 595 0
A S ! bl ol s (4il) KoLl SEUT &

slge g lag,ls
(ol &) e sS,58 ol oslial 3,50 314
j(jb@) j‘)? _;.,)456{,3 ;,.:,‘Lnj(b‘jgs ‘:Ld) ;,:5)_5#
595 3 gyl a3 15 ealimal a5 Sliw J&s GuF


http://feyz.kaums.ac.ir/article-1-3761-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-10 ]

ooliial b e gl OF )3 aigad odr s B plonil omiwcid
) 3 eslaal by el ‘54.:?0)".)5‘ |}5Y| Jiab? LS B]
> g NOx clhle QO OJLM:I J-i‘\:) C-J“,‘Qy JJLUL‘;.J

[Y] 42 alone 5an il p £ gy S

bb&oﬁ}w)'j}i

595 I NOX o (580310 512 [VF] 4 (5,106 o glas
S blgs gaF Sl e &S S S elial a8
Al Vb e Db e 8 S 0l Sl 4 s SV Jlwy
r23bls 51 ealizal b i 4 Ol sl 3 03500 PBS 3L

IR CU o oo (g b (bu‘ (VCI3) J.g|}15

N0
A Y= e YYX e,V
o
a
2
3,
A
T 1
VO Yo
o/oh—

A 2 50 S G O 5 gl gl ClBS

Fasl OF e = g Jsb 5 NOX il glaclae (6558 ol 3kl Sls ges =) o led (S0

Sl p Sl s i 5 S e sSHS S
ARG S 5 e 5

S5l GF s oesSusS 58 1Y eled o
S e 1y AL S5 B s s Sl
bl 05031 plowil ans o 0L25 Open-field o&aws s O g
A5 O ey m y oline S el ISy S
[@=A-\+ H3)=¥/5+ P=2/Y")]

3 oAU il I 53 NOX gl 3 (S1y 05 e sS55I
PAELUST S 5 e a0 s

5530 YO ety e sS, 55 S8 ST ojled JSo
NOX ghaw 51 ool Comsts o » b y0 Slho 515 3,57
plowil das o 0L 1y AEBLST S5 pae she 3L o
ol ol Sl by lyly T bl g
s OUE opdyge G5 9 o sSosS 168 Jlisa aey S
LSD (owins g3l plonil oMo (FY/¥5=0/07P<+/2 1)
J,’.’.IS 5‘9; ‘i ‘-'ﬁ_é)y 0‘5; o= 4.\..1\:1.4 BL |J ‘5)|.:UM CJ}L&J
s 03 8 b demlie 53 by et e sS 5 09 8 5 (P</00)
s oles (P<e/eny)

bl Jokowi s 325 2,

m03ls a5 03 g Jba gl caesls Jdowi gay 2 51 3
b3S gy D et By B gl S 0sa31 5 eslinal b e
250 0k) Sdeay by L, shresls foise e g
09051 3 NOX g gy 5 (456) S0 alaioes 4 39,5
s 4 ) GALLL 5 bl BB byl T
gl s oslizul LSD i 04051 5 (D3 Jboj 0ga3
A a8 da s lsliee SN lae Of e P<e/00

Pl
de 55 edsge 5l (8L Sl ISy (S1h e sS588 S
PEET S5 e s ol S5k

o (Ve mE/kE) eS8 58 S Y ejled S
J51s Gup 3 e2b ples) dabl- NS 4 0, 54, YO Oe
g o3 gl 585k dae s (VO ME/KE) (s g Slaw
ST bl Oge3l plosil s s Ol ARHLST S5
5 oeSosS S8 e 1y bl sl LSS Wbty
(EY/RF=VAEE P<o/evh) als 0L oy 5 oo dise GouF
09 8 oy 1y olslme gl LSD pins O 9051 plxl cosden
23 eSS A osge 0s S 5 (P<e/vN) RS 5 pdyse sla
13 0Lz (P<e/01) b yg0 055 b dmulia

Y oyled [YF 0,58 [ VWAl cligus,l 5 o3 | b anliologs


http://feyz.kaums.ac.ir/article-1-3761-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-10 ]

o 2Bl WSS e 58565 L Dby i S

o

Yo+

Yoo |

VO

Voo

4l G Ol 2559 U

++

% %k %k

J S 5555

T T

odose OS5t e 55 585

1

5ty ol sdiS el y5 i d 1S 0 S ol adibl oliis 55 KLU STBBI 4 Ol 3555 Ll Oley e =Y ojle K2
oy eSS y3 1 se 0,5 (Ve MBIKE) S8 oy pon St e S5 e iS5 1 S5 5S 05 S5 (1 mglkg) S1,
Mean£SEM &) son baosls .ol 3lio [513 d 50 5 e sS 35S 58 eSSl 55 1 opd s st e S S 05 5 5 (V/0 mg/kg.ip)
il e esse0s,8 b aslie s TP 5 S e S Lalie js P/ ) = AV ol sd 5 1S

J@=A-\+ HB)=¥/#+ P=+/¥)]open-field o&Ks ;5 Cllpr v ot b Cilas |8 0 Kle =) ojles sl

oot S S ds Rt ST odos ey 5
04F/AA oov/8Y OVA/¥A OVO/NY oSl
#/Y4 V1/av \O/AA YY/eY 5,k I
Ve
+++
4
3
3% o - T
T *
) —3‘ ¥
R ) T
a
3o
>
Y 1 Y
E
Y \.
J7S oS5

RESYS + o sSHsS
odos

am@l{)ﬁi¢nx}s)}saj;2(l ml/kg) ‘_rJLM onSC,JL:)JJﬂa}ﬁﬂubrﬁjdfjngd‘)\mNox da.w—r ULQ..';JK.:
ol 1o pot e S5 55 05 S 5 s (VO MGIKE L AP) (s go 0diS Sl 10y 50 05,8 Ve MEIKE) 558 s 4 (S5 e S5 5S
LV.MLEJ)} *P<'/'0 .(n:/\—\'>¢.w\ ol u:)l}fMeaniSEM Q)ﬂd{ua:‘é ! L;QL‘L«: J}-\b Q:é)}d}&:&)f)}fjl}g s S

AL e b ase 05,8 banlie 53 TTP<eny 5 xS0 S

Loadiil s Shes oS 508 0 KT Sl s Shes canilas
allae cal s b V] 48l et a5 5,K0s sl b el
PAF G S elial oy Sl Bl oS S
35U Sl s sl I (Y010) O, Ker 5 Mehmet

(Y oea 5 Nam 5,058 Gb 5 [VV] Ny e

IS 1 5008555 F1 sz polo aalllas 5l Sua
sbednbe mhavw w)n 5 i 5 SU plenl dbil-
Sbs Ol sy ARSI S5 e s LSS R

GAl bl o algia weS sS4 das o 0L Oblge 5

Y oyled [YF 0,58 [ VWAl cligus,l 5 o3 | b anliologs


http://feyz.kaums.ac.ir/article-1-3761-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-10 ]

oS e aallls 3 AL Jge il 0ge3l wmT p neS A
Cogon boaddlas 3 g ( Flho J5hs g ol (K04 eSS
G e b b Lulyen g edd e S8 Gab 5l e
oS 555 Vemg/kg 5158 (Y1) 0, 5 Liu andlas ol
b oeesSosS [VP] s I 1) il 5y, YO Sdes
Lop Sloply s @S 5 At JS g Slaal 4 Jlasl
2 oo ke Gl [Fe] deae Sap 1 g LT
N - R A
Ol RIP 4 &5 K ST T 035 Jb 5 sk
s p X)) s n g siludld e, 5 CAMP
Sb ] wl e s esde e C L A glajls
S5 5 G0Sap Gk 3 olee 2 Ses b onyge Koo
T ﬁ}j M b 5 cGMP W5 gL GTPase cJls
3509 ) ilen b a5 s CAMP Wy sl IS
A 4 gl A] S Jee 1) Bl e 4 oS
[FY] Sk 5 Al T3 55 COMP & wasls 58 55
Joee |y il Ll or op el 0pl Go b 51 g0 Yes
ot sbins NI NOX e g 1 s b adllas 53 8
edalin SRS 0y S b by sot e sS50S 03 8 5 e sS55S 008
PR S g S 4 Comd e 09 F 53 S ey S
o 03 4 el gt sSssS 09 52 5 e
LT 53 e 53 NO 1L cdygn b sdys (golaline SRl
Lo addlan b Lalyen [IP] A5 sl oS5k 5 il
5 65k Il 4 shs ol of,Ken s Khavandgar aslas
9 5030 ol ea NO g falS L b p0 5 (AU bl
PR e [P e 5 s ) SN pl 5,1
WDk & oedS 25,5 51 ciles cGMP ; cAMP WJg
CBU S wesys YOXYA] esls Lials |, CAMKII
9> addlas 3 [¥F] 555 4 o 1, NO w5 nNOS
“Jl g oS Kles S AIE (1N0) O,Kes 5 pdies b
o o s b Obses NO Slagin Olsss o5
OL il addlae YY) spd e oisae 5l U alaSl JMs
PN S e Jie 1) il NO Jals b b ge s
e 83 «omial-dl Jeme Al (o3, l-dl alie SLS 5 edd
s Sl 53 s3050 JSE 4 oS 5lST 5 Gassl-d
-5 s NO 15 eNOS 5 nNOS cdbai ,lgo b ols 5525
4wl gals Sse ke e g s 1) COMP ames
o g NP [IV] WS e e Bl WS

s O e 5 HNO Wg (S5 8L ks s bS5

b‘)“)u‘“j)‘}i

635 A= U e sS55 G pan b gy Sl 8L LS I
3 XS o b 1 gl ol e Lo adlllas 5] ol L 5 e
Ly GrsSHsS & g ol ol s gosl5 5 Sy
SIS AR g 1) Gbse dewsa eddn S abil-
FIF 25 g e Al Sk s Bl e
Ly o 150 sl 3y 2l 51 b a8 o e
Sl (Y oK 5 Motamedi [YY] &S o Jo
SL g 5o 1y db plil (g 85h bose s & diles S
el g Wb 5 Wb plil ddl> 5 LS (o Joged S
bl 2 Sk g Al e Ol e e [TV
SR g boaadlas s 15 ol Oplite S pae o
Lol o5 0dd o (S JSha Ol adlae 55 5 (A5
s pees a5 Kles S B8 58 (YY) 0, 5 Pan
2 RS Fs 9593 Sl R [YF] A8 b s | aladl
oLl addllae )3 ordyon GuyF By K o tASL S ge S
Al 30T 555 bl g Sliw J50s &) st b andllae Al 5
e g ey Sogpen 5 00 MEkE) b snew 593
4 als Ol boaddlas b o (Y*\Y) Ol,Kea 4 Sharifi
) Al 258l Sl dheoliNy (d)se Sl S5 525
S H55 S Kas g DL (gadaie Dliios [YO] LS o Jose
OLiys (s (5okad 85 SohlB shyls (s s SBlim ST
S leSe 5 sadle 55 [Y8F-F] cul Sls Y
Ol e Chli> Copls dad 5l e oS 565 5l ol 4 glde
el [YV] Kgd o eslimal 2l gl len d5 o
S ean Llea S 5,158 (YYA) 0, Kea 5 Soukhaklari
b sl LIS w Ol o A 03 msSHsS
Ol 58 (YY) 0,a 5 Dong [YA] &S o0 SaS (55l
Sop s 3 G50 sa 4 pesSuS S Lol
(YY) Of,Ken 5 Bassani [0] ws o Ko a0
G 3 eSS rp S pes S Kl S B
see 1y eldl ol Cdeoli S abl- &byl S5
[¥8] ol o35 3Gy aliad SdaslisS il Ll cocketsg
Bl o a5 A5 esliul sylge plaml Jio 1 Lo andlas o
Yhomt oS ol cpl 5 5 G Aalsd aen ol Liad b
adlllas wms 53 (5590 Julo Ol goas il 5 o il Og051 )
OKen 5 Sarlak (b adlas GM 5 AL atils 23 feol-
P psSssS Blie S5 e 45 Kles S 18 (Y010)
el abil> 5 (0 5 V0 mEkg) hwgs 5 mb slajss

Q}Uﬁk}_’ Jf.a.a 693 J‘,Ja Yl [\'ﬂ] Sl j;»'Uua' ‘5JL€,4

Y ooled [Y¥ )05 [VFOA|Cigua ) 5 o | b asbolass


http://feyz.kaums.ac.ir/article-1-3761-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-10 ]

o caladle WSS gy e oS 568 L Oloys i S

sygm X 3 [FY] 033 a0l NO K05 55 58 il oo
g N 5 e 5s NO 3l 4 o5l-d s Sl
b s o gl 5 plad 6,50 o il ols| do
IS g5 oS58 L alllan s [FF 0] ol 0kt
S oI0 J S 0y S sl g e 5o NOX mhaw 5o (5)lslime
Loy s e g g sSH8S SBUs B 4 sls dles

Al

& 5 domid

05,85 L Olys fa a8 sl UL ol adlls
gt G b 3 Vsl 1 b yse 5 U plasl aliils SO
didu 0 5 e AEELT S5 e 53 NO Ju&

@l;).\égﬁ
)l Mloll Sldes # b 5 s dle
K) aladl> J}‘\:ﬁ-‘ B u,,n_,S,_,S ;‘ o) d'j& o JJ:J'
cb.»}CREB s Ol ooz 3 U il 6 ,Sb
(ARl S,y i o aa 55 NO lacdd ple
S Asl e APAF ojlad b OIS (S p ke oKl o geae
Ot 5 Al g s om0k |l oS de oK s Cylo b
TR P C O P R P RPI FY SPTIPC R WK S LR

s 1y K LS les god

References:

[1] Ullah F, Liang A, Rangel A, Gyengesi E,
Niedermayer G, Miinch G. High bioavailability
curcumin: an anti-inflammatory and neurosuppor-
tive bioactive nutrient for neurodegenerative dis-
eases characterized by chronic neuroinflammation.
Archives Toxicol 2017; 91(4): 1623-34.

[2] Kumar TP, Antony S, Gireesh G, George N,
Paulose CS. Curcumin modulates dopaminergic
receptor, CREB and phospholipase C gene
expression in the cerebral cortex and cerebellum of
streptozotocin induced diabetic rats. J Biomed Sci
2010; 17(1): 43.

[3] Yue YK, Mo B, Zhao J, Yu YJ, Liu L, Yue CL,
Liu W. Neuroprotective effect of curcumin against
oxidative damage in BV-2 microglia and high intra-
ocular pressure animal model. J Ocular Pharmacol
Ther 2014; 30(8): 657-64.

[4] Yu SY, Zhang M, Luo J, Zhang L, Shao Y, Li
G. Curcumin ameliorates memory deficits via neur-
onal nitric oxide synthase in aged mice. Prog
Neuro-Psychopharmacol Biol Psychiatry 2013; 45:
47-53.

Voo led [YF 005 [VFOA|Cigua,l 5 058 | b asbioless

3o 53 NO 31 i slad Sl b iS55 [1+] dins
S Whesls 5,055 (YV0) OKen 5 Zhu syl Jels

st 3 iqlS a3 NO 5 nNOS 21581 b e s, 58
bl Ly, sse 5 PKG _ul5 & NO/CGMP/PKG
e b o585 58 Yozl ol anlllas 3 [VY] S o K8
sopp 5500 sl 03,8 oS Al (535 4 el
The m SLiss 00 eSS s 45 sl O L wsl L
a3 e Salsl g lsbae 5 sba CulS g 55 1, NO 5 nNOS
ST Olgea NIS7 b Oloys i 45 &les S ay08 Ol
asba 1 gesSHsS I3 NOS (g)lee pboil i 55
ol S 238 e bl P 4 5 035 e sSen gl
Jos INOS/NO glujply s 51 e sS555 M3 00 OLE !
SBTNMDA LGS gl sy glsl cld [F] a8
NOS slaorsSles [FA] ol 3ho 3 LS K75 A5
“oles [F4] S s Llgs |, NMDA (655 0 &l 5151 ok
NMDA o518 0l 151 b e s 5s8 43 0,L31 3 o5 5k
PP el oy L0955 53 Je JEs S [F1]
-5l el Sl a5 INOS clals (1531 4 ool
3 o 9] 5 e K5 NO UShe (1331 antie 5 s
oS pld SN 65, 4 NO-¢GMP oes 51 NO 0

.\.JJ: K) Y.A\Sm.b L) LTP ‘5\.5.“ ‘5|ﬁ B Cﬁ-‘ f.\:shge
aladl> J:S.LT [f\] Gl ol alE YolS alail> K] ‘5;:\.1

[5] Dong S, Zeng Q, Mitchell ES, Xiu J, Duan Y, Li
C, et al. Curcumin enhances neurogenesis and
cognition in aged rats: implications for trans-
criptional interactions related to growth and syna-
ptic plasticity. PloS One 2012; 7(2): e31211.

[6] Nam SM, Choi JH, Yoo DY, Kim W, Jung HY,
Kim JW, et al. Effects of curcumin (Curcuma
longa) on learning and spatial memory as well as
cell proliferation and neuroblast differentiation in
adult and aged mice by upregulating brain-derived
neurotrophic factor and CREB signaling. J Med
Food 2014; 17(6): 641-9.

[7] Ataie A, Sabetkasaei M, Haghparast A, Mogh-
addam AH, Ataie R, Moghaddam SN. An inves-
tigation of the neuroprotective effects of Curcumin
in a model of Homocysteine-induced oxidative
stress in the rat's brain. DARU 2010; 18(2): 128.

[8] Al-Hasani R. Bruchas M.R. Molecular mecha-
nisms of opioid receptor-dependent signaling and
behavior. Anesthesiology 2011; 115(6): 1363-81.
[9] Jafarinejad-Farsangi S. Farazmand A. Rezayof
A. Darbandi N. Proteome Analysis of Rat Hippo-
campus Following Morphine-induced Amnesia and


http://feyz.kaums.ac.ir/article-1-3761-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-10 ]

State-dependent Learning. Iran J Pharm Res 2015;
14(2): 591-602.

[10] Paul V, Ekambaram P. Involvement of nitric
oxide in learning & memory processes. Indian J
Med Res 2011; 133(5): 471.

[11] Jafari-Sabet M. Khodadadnejad MA, Ghoraba
S, Ataee R. Nitric oxide in the dorsal hippocampal
area is involved on muscimol state-dependent
memory in the step-down passive avoidance test.
Pharm Biochem Behav 2014; 117: 137-43.

[12] Tonin AA, Da Silva AS, Thomé GR, Sangoi
MB, Oliveira LS, Flores MM, et al. Influence of
toxoplasmosis on acetylcholinesterase activity,
nitric oxide levels and cellular lesion on the brain of
mice. Pathology Res Practice 2014; 210(8): 526-
32.

[13] Zhu W, Su J, Liu J, Jiang C. The involvement
of neuronal nitric oxide synthase in the anti-
epileptic action of curcumin on pentylenetetrazol-
kindled rats. Bio-Medical Materials engineering
2015; 26(s1): S841-S50.

[14] Yu SY, Zhang M, Luo J, Zhang L, Shao Y, Li
G. Curcumin ameliorates memory deficits via
neuronal nitric oxide synthase in aged mice. Prog
Neuropsychopharmacol Biol Psychiatry 2013; 45:
47-53.

[15] Aboul-Enein F. Comment on the article
entitled'Frequency of cognitive impairment dram-
atically increases during the first 5 years of multiple
sclerosis' by Reuter F, Zaaraoui W, Crespy L,
Faivre A, Rico A, Malikova I, Soulier E, Viout P,
Ranjeva JP, Pelletier J, Audo. 2018.

[16] Liu D, Wang Z, Gao Z, Xie K, Zhang Q, Jiang
H, et al. Effects of curcumin on learning and
memory deficits, BDNF, and ERK protein expr-
ession in rats exposed to chronic unpredictable
stress. Behav Brain Res 2014; 271: 116-21.

[17] Ardjmand A, Rezayof A, Zarrindast MR.
Involvement of central amygdala NMDA receptor
mechanism in morphine state-dependent memory
retrieval. Neurosci Res 2011; 69(1): 25-31.

[18] Torkaman-Boutorabi A, Sheidadoust H, Hash-
emi-Hezaveh SM. Zarrindast M.-R. Influence of
morphine on medial prefrontal cortex alpha2 adre-
nergic system in passive avoidance learning in rats.
Pharmacol Biochem Behav 2015; 133: 92-8.

[19] Wang M, Li D, Yun D, Zhuang Y. Repunte-
Canonigo V, Sanna PP, et al. Translation of BDNF-
gene transcripts with short 3' UTR in hippocampal
CA1 neurons improves memory formation and enh-
ances synaptic plasticity-relevant signaling path-
ways. Neurobiol Learn Mem 2017; 138: 121-34.
[20] Heydari A. Davoudi S. The effect of sertraline
and 8-OH-DPAT on the PTZ induced seizure
threshold: Role of the nitrergic system. Seizure
2017;45: 119-24.

[21] Oz M, Nurullahoglu Atalik KE,Yerlikaya FH,
Demir EA. Curcumin alleviates cisplatin-induced
learning and memory impairments. Neurobiol
Learn Mem 2015; 123: 43-9.

bb&oﬁ}w)'j}i

[22] Kitanaka J, Kitanaka N, Hall FS, Fujii M, Goto
A, Kanda Y, et al. Memory impairment and reduced
exploratory behavior in mice after administration of
systemic morphine. J Experimental Neurosci 2015;
9: JEN. S25057.

[23] Motamedi F, Ghasemi M, Davoodi F, Naghdi
N. Comparison of learning and memory in mor-
phine dependent rats using different behavioral
models. Iran J Pharmaceutical Res 2003; 2(4):
225-30.

[24] Pan J, He L, Li X, Li M, Zhang X, Venesky J,
et al. Activating autophagy in hippocampal cells
alleviates the morphine-induced memory impair-
ment. Molecul Neurobiol 2017; 54(3): 1710-24.
[25] Sharifi KA, Rezayof A,Torkaman-Boutorabi
A, Zarrindast MR. The major neurotransmitter
systems in the basolateral amygdala and the ventral
tegmental area mediate morphine-induced memory
consolidation impairment. Neuroscience 2017; 353:
7-16.

[26] Bassani TB, Turnes JM, Moura EL, Bonato
IM, Céppola-Segovia V, Zanata SM, et al. Effects
of curcumin on short-term spatial and recognition
memory, adult neurogenesis and neuroinflammation
in a streptozotocin-induced rat model of dementia
of Alzheimer’s type. Behav Brain Res 2017; 335:
41-54.

[27] Hemachandra Reddy P, Manczak M, Yin X,
Grady MC, Mitchell A, Tonk S, et al. Protective
Effects of Indian Spice Curcumin Against Amyloid-
B in Alzheimer’s Disease. J Alzheimer's Disease
2018; 61(3): 843-6.

[28] SoukhakLari R, Moezi L, Pirsalami F,
Ashjazadeh N, Moosavi M. The passive avoidance
memory improving effect of curcumin in young
adult mice: Considering hippocampal MMP-2,
MMP-9 and Akt/GSK3B. PharmaNutrition 2018;
6(3): 95-9.

[29] Sarlak Z, Oryan S, Moghaddasi M. Interaction
between the antioxidant activity of curcumin and
cholinergic system on memory retention in adult
male Wistar rats. Iran J Basic Med Sci 2015;
18(4): 398.

[30] Zhou H, S Beevers C, Huang S. The targets of
curcumin. Current Drug Targets 2011; 12(3): 332-
47.

[31] Wang H, Peng RY. Basic roles of key
molecules connected with NMDAR signaling
pathway on regulating learning and memory and
synaptic plasticity. Military Med Res 2016; 3(1):
26.

[32] Paul C, Schoberl F, Weinmeister P, Micale V,
Wotjak C, Hofmann F, et al. Role of cGMP-depe-
ndent protein kinases for fear memory formation in
the lateral amygdala. BMC Pharmacol 2009; 9(1):
S21.

[33] Farahmandfar M, Kadivar M, Naghdi N.
Possible interaction of hippocampal nitric oxide and
calcium/calmodulin-dependent protein kinase II on
reversal of spatial memory impairment induced by

Y oyled [YF 0,58 [ VWAl cligus,l 5 o3 | b anliologs


http://feyz.kaums.ac.ir/article-1-3761-fa.html

[ Downloaded from feyz.kaums.ac.ir on 2026-06-10 ]

o 2Bl WSS e 58565 L Dby i S

morphine. European J Pharmacol 2015; 751: 99-
111.

[34] Khavandgar S, Homayoun H, Zarrindast MR.
The effect of L-NAME and L-arginine on impa-
irment of memory formation and state-dependent
learning induced by morphine in mice. Psycho-
pharmacol (Berl) 2003; 167(3): 291-6.

[35] Guerra GP, Mello CF, Bochi GV, Pazini AM,
Fachinetto R, Dutra RC, et al. Hippocampal
PKA/CREB pathway is involved in the
improvement of memory induced by spermidine in
rats. Neurobiol Learn Mem 2011; 96(2): 324-32.
[36] Pigott BM, Garthwaite J. Nitric oxide is
required for L-type Ca2+ channel-dependent long-
term potentiation in the hippocampus. Front Syn-
aptic Neurosci 2016; 8: 17.

[37] Garthwaite J, Boulton CL. Nitric oxide
signaling in the central nervous system. Annu Rev
Physiol 1995; 57: 683-706.

[38] Mohseni G, Ostadhadi S, Akbarian R, Cham-
anara M, Norouzi-Javidan A, Dehpour AR. Antico-
nvulsant effect of dextrometrophan on pentylene-
tetrazole-induced seizures in mice: Involvement of

Voo led [YF 005 [VFOA|Cigua,l 5 058 | b asbioless

nitric oxide and N-methyl-d-aspartate receptors.
Epilepsy Behav 2016; 65: 49-55.

[39] Bergstrom HC, Darvesh AS, Berger S.
Inducible Nitric Oxide Inhibitors Block NMDA
Antagonist-Stimulated Motoric Behaviors and
Medial Prefrontal Cortical Glutamate Efflux.
Frontiers Pharmacol 2015; 6: 292.

[40] Sweatt JD. Neural plasticity and behavior—
sixty years of conceptual advances. J Neurochem
2016; 139(S2): 179-99.

[41] Zhuo M, Hawkins RD. Long-term depression:
a learning-related type of synaptic plasticity in the
mammalian central nervous system. Reviews
Neurosciences 1995; 6(3): 259-78.

[42] Hall CN, Garthwaite J. What is the real
physiological NO concentration in vivo? Nitric
oxide 2009; 21(2): 92-103.

[43] dos Reis EA, de Oliveira LS, Lamers ML,
Netto CA, Wyse AT. Arginine administration in-
hibits hippocampal Na(+),K(+)-ATPase activity and
impairs retention of an inhibitory avoidance task in
rats. Brain Res 2002; 951(2): 151-7.


http://feyz.kaums.ac.ir/article-1-3761-fa.html
http://www.tcpdf.org

