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ABSTRACT
Background and Aim: Huntington's disease is a chronic hereditary disorder that causes
cognitive and movement defects in affected individuals by progressive destruction of neurons
in the cerebral cortex, striatum and the hippocampus. Studies have shown that increased
activity of cyclin-dependent kinase-5 (CDKD5) plays an important role in the pathogenesis and
occurrence of memory impairment in Huntington's disease. Recently, alpha-pinene has been
reported to improve learning and memory performance in Alzheimer's and Parkinson's
models. Therefore, the aim of this study was to investigate the effect of alpha-pinene on
passive avoidance memory and CDKS5 gene expression in Huntington's animal model induced
by 3-nitro-propionic acid (3-NP).
Materials and Methods: In this study, 40 male rats were randomly divided into 5 groups:
sham, 3-NP (10 mg/kg),and 3 other groups receiving 3-NP (10 mg/kg) + alpha-pinene at
doses of 1, 5 and 10 mg/kg (for 3 weeks,via intraperitoneal injection). Passive avoidance
memory was assessed through the shuttle box device. Then, the expression level of CDK5
gene was measured by RT-qPCR method in brain cortex and hippocampus.
Results: 3-NP injection caused memory impairment by decreasing step through latency
(STL). Alpha-pinene at all three doses improved passive avoidance memory performance.
Also, 3-NP injection caused a significant increase in CDK5 gene expression level in the brain
cortex and hippocampus compared to that in the sham group. The groups which received
alpha-pinene at doses of 5 and 10 mg/kg in brain cortex and 1 mg/kg in hippocampus showed
decreased expression level of this gene compared to the group that received 3-NP.
Conclusion: The results of this study showed that alpha-pinene improves passive avoidance
memory performance probably by reducing the CDK5 gene expression level in Huntington's
animal model induced by 3-NP.
Keywords: Memory impairment, Shuttle box, Alpha-pinene, Huntington disease, Cyclin
dependent kinase-5, 3-nitropropionic acid
Received: June 3, 2023 Accepted: Sep 26, 2023

How to cite the article: Paria Hashemi, Mohammad Raman Moloudi, Helia Rahmani, Zakaria VVahabzadeh,

Esmael Izadpanah. Alpha-Pinene Effect on Passive Avoidance Memory and CDK5 Gene Expression in the

Rat Model of Huntington's Disease Induced by 3-Nitropropionic Acid.5JKU 2024;29(1):34-45.

Copyright © 2018 the Author (s). Published by Kurdistan University of Medical Sciences. This is an open access article
distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0 (CCBYNC), where it is
permissible to download, share, remix, transform, and buildup the work provided it is properly cited. The work cannot be
used commercially without permission from the journal


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/5ku.29.1.34 ]

WIC_IEO/11C0 1 Culigass)] § (33)0)8 / @ § Qg 8)93 / OBws)5 (Sl eole alEilils (alc alas

ol ¢ giSuily (5 ylow Juwo 33 CDK5 (35 gl g JUad pé (St alidl> p LT i
S0 Gigo 30 duwl Swignig 939 yui— 5 9 U

? byl Juslow! 0305 g b 53 " Sles s W (539990 Ololy eme | il b
= YA AT 1S ST 00 ) i Olws ST (S5 psle ol (oM trn 5 02K 93 ¢ J S gn 5 oo pole Sk S e (g5 1S5

Ol i (s S Sy ke o813 (Dl 5 0ty 5y ezt p sl i S e e 5 LS Y

G P YAARSOY Y S S
""—"'Y’—'F'”‘—V?"?Z.,\:f_)\v\f.ob.l‘gc.,\;;ﬂubtué;éiﬂr}lsoli.ﬁ.j':cé@ﬂav\g..i.}\ﬁ;ngjjjfbj\é)L;j)}}i}‘:éa)/fckgjjjx}‘:é&ﬂwuj\fr
AVIYFFERVE 2 il (J ghone okimg ) 01 e diin i S (S5 sle o8l cDlr dnmn 5 00820531 hS” 5 1S ot 8750 ¢l oty JLils F
Covamn e Y-RABF-480Y 1S 1 uS” ZaKariav@gmail.com eSSy Sl AFOA s

A (J e ki ) O] (ki Ols S (S ple ol (Lt drny 0aSins ( JSn 5 Jobe pole Dlad e (5 oLl O
ceremnnn1SAN -4 pX Sl S  eizadpanah2000@MUK.AC.IT ¢S5 51 g AFAA L Is CAVITESFRVE

3 pSL Al e 28 S0 skis iy B LA Sl e (Gl IV S 0588l oo 1B 9 A
& el y SIS Sl Rl ST Wlosls OLas Slalllas 33 8 o s 3131 53 (S 5 HLE el Sy e ol s
Conl ok 18 d ! Al e Ll 0 5Kesile (glew o bl IS G50 5 5550 3 ege Ui (CDKB) 0- S
S s ol aallon 51 Oodn ol oty 350 O 0S5k 5 oul JT (sladile )3 1y aliblo 5 (6, 85L 5 Shoe LT o
sl B-NP) sl 5K 5 9 9 ¥ b ook Wl 3 p&Kesile Jta 55> CDKB 05 0l 5 Jlab i gliss | alisbl o LWIT

593 L3 NP oS 8L s ¢ob 03 8 0 4 ($3lad Syso 4 S gl e se e B Bash al 5o IS99 Slge
Gy aa Y Ode 4) V0 50 A MO/KY slasss b ubWT 5V mg/Kg 555 b 3-NP eas” sl s sla o5 5 ) -mglkg
RT-GPCR 25, L CDKS 05 0ly el . L5510 (mSTL FLo abwsay b o ol dabl- s s ((Slio J51
55 S oIl 5,58 5 lS pn 5L s

UL 1 | RS r;:a,f\,.m»m 33 (STL) jae oy b J2alS L bl JBstl 4 ete 3-NP 5, 55 il didly
Ol o 3 ime 2l Bl B-NP G5 coimmen 5 pe o b Rl 1 L o b glizr| bl 5 5 oo 550
5555 G555 53 Ve 50 MOIKG slasss 5o uLWT s 8 ~ 05,5 4 Lo o aalS a5 oS5,55 55 CDKG5 o
L5 3-NP oS 3k 3 05 5 b awnlin 53 05 2l Ol o 5ls (an (2alS 4 mte (sl sen 53 ) MO/KY

W 55l sla e 53 Jlab b o alible 5 Shas 3 5gy o uUWIT &7 515 DL adlllon ol s 105 08 dome®
(el 03,5 Jlos CDK5 05 0l el 2l 33 b 3115 31 gl Yol 5 435 8 3-NP L e

ol S g5 1 9 7Y D= IS 4 el S 0 5l (65l ¢ STl LS ¢ LT caliblo S5 2 GlS” Oleds”

VYR 5 B VP YN ol 4 Dol VE Y/ Yidlie J o s


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/5ku.29.1.34 ]

walidla yy oW 1 Wy

o 5 s ol (LB ol sy Sl
S5 OB (V)55 0 05Kl olen 53 (S5
53 LT Cblis o (Gygm b S se o LS g5 o
013 8 alS gn 4 dialy bl 5 (5, S bl
ROy

Gl ARELT Wl g il sl i,
Esma st e (Nl als plal 08sls
Solew Wl Gladds o Jslie 5 B-NP)
Bh 48 &S 51 ol sl esle ol 05l
4 3-NP (W3 5l el Arthrinium ol o e
SlnS g w57 Ll crpe pLCaS, Opw
(6 S gim Aol S g0 ST (5 5 45 53 SU5550ms
Sl g S| Ol b (b 0 S Sl
Gy O0F) 358 e ey Slad G5 il ck.u
A 5kas Dl skl o ole ol St
EG 0> il n 5 e S5 gl pul (g 53 ms
058l ol Sll gldse L sl o S
03 ol ol Slas &l: Gy e 4 .(\b):;;s«a
o 3 5ol YN sl o ol o sla S g0
4 e Oy U alin (5,850 5 sl > Shas 2alS”
(V9)3 5 0 0 5Sesila

4 O 8ea s s S lops s sl sl b
2 ool b DLST 5 de DI e
S mbWT Ll 03§ Coghme mae Y
3 e QLS 3 8l s 5 el SIS S
sprge Gws S 4 Sy dex S Olby pre 63
tols adaze ¢G5S Syl ol o LWT (W)l
ds s el (S g T- BT Sluns 5T ol )
oS Clablowe 31O 5 V8) el 305 0L 1y Ol
350 ARlsT Sllls 1 (obew 53 uLWT nae
S ok oyl 8 kaly gl 3 Sl 4 S 15 )y
ST cdb clel Ol Slee o uLWT

33 .«L;JJTL;: Ol é@ ui..a\f Cmmmad 9 G'L,\:..S\k;JT

-

do\do
Gl & canl S Il o 058l (6 oley
Esn 3 ol sels el LIS
ois iy u 2 b (S ley ) ()35 0 bl S0l
332 e e 8 g o5l el (g3 (ae G0y, s
SSS (M358 e S sl s S e Y
gl pe 0T L 0 sKisile 4 M Ol yley 457 oo OVCke
as o 3 S50 Cou 1) LOT Saij cuiS 5 Aes
(a3 (M)l il 6, E5L Ly, 53 e
593 5585 Il 10 abble Sk 5 (gl YD
slul 058l 4 S Ol 03 (S~ Bl
Jed 5l el el fels YNl Gl (F)s 5 s
25 Pl (S bl @, S5k Ksy g
525 S5 o O)) (552506 1 53 QU1 pe 5 S e
e & Bl K55S e 3 Shes 55 D
Sl ol ateiis S (il SISt ) s Ll 5
058ls & Moo Ollaw s abils 5 Shae 3 JHest| &7
lopast G Caliiun (g 9> aws o I 50
@357 oo (ol plu 4l S son e 1S
ol st 53 s 531550055 Las e f28 5 p 5L sl
il A 5 03 SIS ol 0 Bl 4 S
It sloml ol Jgtes Lilg o (ol okd atlid

WAL O 5Kzl (6 law s ababl
onl o3 Al M 55 55 et (I 50 (Gl
ST A8 4 Ol oo OT Ols 1 &5 it g (S5 las
¢S, CDKS 5 576,151 (CDKD) 0 ¢ 55 S 42 sl
oDy (o3 53 &8 Lol SUST 8 0 5 e s
e Aal s Ll o L 1) e L bl g sl
05Kl olew 5554 53 CDKS & Wiesls OLis
Sl 1 Jol slaadl b, (A 5 VDcwl s
22 LS g8 opl Sl Ol Rl (Gl 5 L
bl 5 6,8l S Sy o 05 (b

Gl e O g (2130 cimnn (10)33 8 s

11Ca 1 Cuilagaas)l 9 333)0)8 / @ g Cumy 8)9s / HBws)S (3ibjy eole slEibily ole alas


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/5ku.29.1.34 ]

WY alysisl Jaclews) — asl) Glag ()33

oles 3 ks MK g pogaiee e 5 OT 4
Sl b 87 3V J gl IS candllan Caliius Jol o
cbonlT bl s f ol a&ubT
AL adllan ol AL ST Sl (535 408 Sl
sl aeS Wb 4 IRMUK.REC.1399.295
Lol 5 ol ooy Olis S S pole ol
(NIH) & oT ol Lo ggmaul gla Jordly sz
el AalesT Sy 1 eslizal 5 IS 1
© GUAos S0 45 ol Syso 4 Sl s F
i 815 5 s s

Jee 3700) LT Job 5 ol Jo s &8 2005 8
L3 87233 1y (Gl b 5 L LS 5l 5

\+ 55 L1, (N5636, Sigma) 3-NP &8 :J =8 o5 £
5L ,s 1y GLWT el 5 0 055 r;)lzf 2 (’quJ‘?‘
A 5 YN S

M,?g;:awpgbs-NP 0 5 F ) s lres &
CS 5 eds ag) ALWT 5 0 Ojs pSAS
2 (’qul:“‘ Ve 50 glajs oty (Okws 87 (g5l s
.m,w,mm;agﬁwoj,rﬁg
4w e Do 4 058 a3 gl e Sl
L ombT o= b gyl Sliwe s G5 S
‘éﬂ 5 S U padonn (slajs) 3 (YN8 ks
0531 splblal Ll b Cou g VY B A Cele
@bl bl Olpe lawie g Slle Sl 65l
AT s 4y Jb 8

(passive avoidance Jkd mé sbi>! Ld) 03T
test)

S B o I b b ool S o)y g
gy daiss K gyl (e Blo Yex Avx Yo slal @)
WSS,U abbises (687 s i eslinul ¢S LL daisee ¢SS
old 4nd Olg b 4 0315 ¢S5 gl b sladke
oK 1 eSKb abime 4 ¢S o Jlesl Gl .ol

b S K abhte cp s S eslial Y satal

Jhe 3 plee S isn p sl el 5 GalS e 3L
o s (T TDCl sds (5 oSl Sl
Se o LT &S Sl o3l OLES 55 Lo Sladsw
oy & 3-NP ot W1 085l Jite 3 (S o33k
e e sl el el s ST (ST O Jles!
Sllas Ko 3b 51053 8 s ol e sla g
5 bl s Sles Wlg o pLWT S Wlesls Ola
I san 53 o 5 (Ml Sl s o 1) © Sl
350 ol AT 5 0 5eiS ol dlor Sl s T ladle
5 S o Sl s Camge Gu LT (YF 5 YO iy
(YF)a5d oo OguiS 5l Slom Jde o ol bl
cW (6, S5 5 bl Il s s 53 uLWT Coes
bl o) oll 5 Sl Jige oo ¥ Sl et
oS Clblows ol s 205 b o LT 487 Wlesls Jlaz!
e (6,8 5L 5 bl Il 5 uiles o pie )3 o
5 80es S5 o LT (ol osdle L(YP)ASL
A 5 GSI AT e LB (gl il
AUIIT Sl Je 53 Gl s 4l Gass Sl
ol i8St Sl 4 dm g b YOl ol
5l s Shee 350 5 a5 jie bl cuLWT
Sda ol JT 5 0SS Sla sladie 3 6,5 5L
ol bl LT 1y o addles S
e i85 a8 sen 53 CDKS 05 0L = glaw 5 Jlb 8

35 3-NP Lo Wl 0 pKesila Sl Jubo

by 5959 3Mg0
53 ks 35 AL S gl eo S s B Rann onl o
g (510K S 0 5 08 YO r 555 e35dom
03 4y Ols S é’:'ﬂ r},l; RN Gmli&;_h)'T
o (B 5 3 Gign e ) s e T Ui
a3 Y E Y Ol am ) b ki 5l s ltkal Ll s
Cgr ol VY (S0 5 oldigy a5 2) 55 (o grmdes
ST e s LIOD5+ Sy 3) 385 e[S i

a1 Cuiligans)l 9 333)0)8 / @ 9 Gy )93 / 9Bws)S ¢ Sibjy eole alSiily ale alas


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/5ku.29.1.34 ]

waBBla yy gigLWIT 31 WA

Sllas plowl jlite & (s, addlas plasl 31
Ver) omlsS bglsee 1 eslimul b Sblee ¢ J oS50
2 eSSk V) N s (ELS S
Oy o o85S 5 oslinal b 5 Lks g (p S5kS
S3h 55 o b5 ol Ols o ol s 5 L
Loy b 5l 5 S L () ¢ o 0303 szt
gl 5l S e e Sl e o Ss o
A mle 035 53 g (WSS 5l s
S o smadn dm )3 Vo ke 5 6 4 koD 5 s S
s Jie IS e sla o 2

SOk (o

oslizal RT-GPCR 55, 5| CDK5 &5 0l gy 5 ot
Joddly s Gk i sad G RNA Lol 5 2 sl
(O ) 3T g 5 <57, YT 9064) Js 1 5 oS
b GRNA 4S5 oS bl sl 235 el
o 0l L w5 gad GRNA (257 jldde ot ol ez
LI Sl A a2l Y8 mge db 0 OT
YPOYAY Cdar i awl=e 31 RNA 54
SYNergy ) ol)s &S ¢SS a4 ¢ 20 56 YF /Y 5 2o gL
Sie s £ eslial (HTX-Take3, BioTek, USA
a4 (pE 56 e spum) Gsmi 2 GRNA G GLSS
oS ,5 YT 4500) CDNA i o suies oS oSS
w s 03 JSGCDNA ag (ol (011 3T gm0 BSS
Slie 1 candlan 3550 S805 GRNA Ol U5 sk
sl sed ekt e s CDNA I LS
LSy el sl SYBR GREEN s 05 j» oz
MM 2042) .5 L5 o paine =S ke RT-GPCR
G w3 el (Ol 0N e oS a
SVl ok o357 ) Jsdr 55 b yesly S gl g
S )l gl A eslizul i3, 05 Ol 5o 4 GAPDH
05 2 GMRNA o 8 Glas o 4 by e (slad 5o
GAPDH 05 cMRNA ,5te b 05,8 o5l 51 e

Josl Gb an Do 4 5 el e o3 5 S Sud
@ dl e ploml o, wypy Geis cpl o3 (F)AS
A el ) - A

:(Adaptation) ;L. (Ll

gore N g8 e 555 95 Gl Ol o do e 0l 5o
0305 1 3 olaws 13 53 4ids 0 Sue 4 il le3T
SUADRE-

:(Acquisition) o LS (o

o3l I3 ophgy aadoes 53 Ol g (pyws)) d o opl 53
J\JJ.AJ«ALZB&MJ\);@:YQA.aQJ
G 5 gy dladees odians LIl 558 Cps De
“ it 3L S 3 o9 el 3 ble g at Sl
Sk 5 bl G 1y a5 ST 53 03,5 5l a4 S
abises 4y gy abaizes 51 Ol U AiS o Jsb S Gl
boadsl b Ol e ol s Cslanl ey, ¢SKL0
3555 &) <SD) 35,5 o 33! IL (Initial latency)
Ol (g (S o (laphil oo &S50 alaious 4 Ol 5
Oub 1y 03 e (Gl abadoes 95 odias b5, s )
4 (450 aw T s o 5 0) €575 5 S 5 03,57
boslaige caljo opl b bl 53 s e 3)ls O
s de b byl Sl ail £ Gl zis adsl Ll
KUADNIRE

(Retention and  ledbl s,5Tsk & 5 551465 (7
‘Recall)

bl poler 595 3 pad a0 Sl ey ol YF > e
S Sl ol bsy |5 do e wlie als e opl 25 S
S8 Lipe )y UL dbims 4 Ol & Slej
Lo o 03 B Ol (b3S e il s (S
ssbie as o Sejlul STL (step-through latency)
S sy abise 53 Ol g &5 Sl Gy e STL )
s Ol o5l S0 aadses 3515 &SST 51 LS Lo e
abise 55l e 4S5, 50 s (Cut-off time) 2l T

KUSDRV-RE K SN ) SRRV R RO PP

11Ca 1 Cuilagaas)l 9 333)0)8 / @ g Cumy 8)9s / HBws)S (3ibjy eole slEibily ole alas


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/5}ku.29.1.34 ]

W alysiyl Jaclewsl — a3l) Glag ()33

sl 5, 09037 53 (STL) jse o 53 b duwlin
3T Calien glaes 8 55 Jlb e

09,5 55 STL 355 o oalin ¥ Sl350 55 45 5sb0les
05,5 b amlin 53 b3 gne 2alS” 3-NP ouus” il s
AL LT 5 W eP<e/e o))l o3 57 Iy o
05,5 4 Cowd ol sk a4 ) Lasle ol a5 4w
(P</v v v ) Sl onls 21531 3-NP ous” 2l s
ol gt 9 w95 53 CDKS 0 Ul dwlie
o lo 3T Calisen (Slvog &

olS s 5 WSG,S 45 CDKS 05 0L F 5 ¥ 415 gl
S 5 bolen das o O 1y Lile3T 35 (slaos S s
035 33 05 o) Ol sdpe o Walsses pl 3
S gnn Al b 058 4 o 3-NP oS il 5o
szs (P=o/eaY g P<uyevny Cigoa) ol 0l
Sl 4 e Ve 5 0 mg/kglday s Lo oul WT
oS 3L 53 05 8 L amglie 53 05 ol Ol 53 (S513 ae
JoaXa 5 P<ejeeny Lo a) as WS5,8 55 3-NP
Cows Y MO/KQ/DAY o5 55 s ColS gn 53 Ll «(P=
Ol 1y gyl gme L2als 3-NP ouiS” &bl s 05 5
GRT- Jamme 55585 S s ) JSK5 . (P=2/0AY) 515
a3 0Lz |, GAPDH o s & CDK5 o3 PCR

N I A Y S e
Yl

SobT 36T

(SEM) 51t sl £ ;e &y g 40 puilss ol
Sdsesls O3g Jly Odd Ladie 3 e b3 8 0L
(One Way ANOVA) & LS iyl o 9057
oslizal aslllas laasl Lo (gl S5 il 05057 5
AN p 5 3 lagad gy 5 ST Gl o) 5 S A3 8
- san pebaw A5 8 eslizul A 455 GraphPad Prism
s as 8 b 3 P<0.05 s

il

30 JUd it bl 58y 39037 30 Adgl pb dugli
o bo)T Cilisee (Slaog &

el Sty 0ee3T o3 1y (L) ol bV lsses
odalie i3 90 ol 53 &S bolas ez s Ol Jleb 2
osb 43 NP oS Cilys 05 8 3 Lasls pl 553 o0
ol o35 iy SIB b 0 F L aslie 3 s
ol 533 e b cubLWT s 3 b 51 (P=1/0FAF)
oS 3l 53 05,5 4 o (513 gre b 4 | el
¢ P=o/o) P =) cl asls alS 3-NP
P=+/v00d

N GRT-PCR Jpuamme 5,55 Sl mls ) JSa
CDKS5 :Y GAPDH ¥ GAPDH

a1 Cuilagans)l 9 333)0)8 / @ g Cuwy )93 / HBws)S (Sibjy eole slEibily ole alas


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html

waials y gLt B 1.

Jeeom (3 céz) Job 9 993 Slhod odliinl 3590 Syl y (SMigiles Jlgi ) Jous

[ Downloaded from siku.muk.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/5ku.29.1.34 ]

Step through latency(sec)

S5 0505155 (STL) jpe o 3 by b WT 1Y Sl
e Dy 4y gl s AT Gl (gla 05 8 s Ul b s
s 4l e P<O.05 ,slie .(N=8) sl o 0Ly jlrs gl £
WT oS b 55 slaoy 5 :ap (1,5,10)+3-NP . .ol ot a5 5
3-NP: 3-nitro-propionic acid, ap: alpha 3-NP , i

pinene

by
=
]

I
v
|

[ng
o
|

P=0.0020 P=0.0087
| T

F J_ 1

_
n
]

I
=

_
=
|

e
=

@
Vi
|

CDK5 gene expression levels in hippocampus

e
=]

Sh:m J-rlw apnIJ.vP op5+3-NP  apl0+3-NP

6l 055 ulS a3 CDKS 05 0L, ul WT 31 Slsses
Do 4 @l T Gl sl 058 5 ol il
sxe P<O.05 5 (N78) ol o 0L Jlme (sllas £ K0l
il sbaes S ap (1,5,10)43-NP ..ot ons 43 & i s ls
3-NP: 3-nitro-propionic acid, ap: 3-NP 5 L WT eazs”
alpha pinene

11Ca 1 Cuilagaas)l 9 333)0)8 / @ g Cumy 8)9s / HBws)S (3ibjy eole slEibily ole alas

CDKS5 gene expression levels in cortex

Jpamedb o5 sles (53" jln S5 Ojeb
(bp) (0%
Forward AAGGCACCTACGGAACTGTG CDK5
2Y
VoA
Reverse CTGAACTTGGCACACCCTCA
Forward GAPDH
\Fs CACGGCAAGTTCAACGGCACAG
2Y
Reverse ACGCCAGTAGACTCCACGACAT
300 — 50 —
I I’<l).llll;l
250 — X P=0.0001 ) o]
~ 200 — P<0.0001 ? I’{““”'” I "*“"""'; rrowner t rraoaes i
=30 —
150 — l;((l.lllll)l g\
100 — b ?:‘ 20— = T
50 — 10— J.
0 I l
Sham - @pI+3-NP  apSt3NF  apiOtd-NP o - L R A S

et ) 05057 5o (L) gl 56 ol WT 21N Jlage
£ Sl D) p 4 b aleT Gl gla 055 55 Jleb o
231 2 P<0.05 5l .(N=8) ol ot 0l s sl
Sibys ey S ap (1,5,10)+3-NP .ol oas «5 5 ks
3-NP: 3-nitro-propionic acid, 3-NP ; ol W7 eaxs”

ap: alpha pinene

3.0
2.5 —
P=0.0029

2.0 — L Il

P<0.0001 ' P<0.0001 !

F = |
1.5 — I
1.0+ —F
0.5—
0.0 T T T
Sham 3-NP apl+3-NP ap5+3-NP opl0+3-NP

o3 8 e S5,558 53 CDKS 05 0l r sl WT 51X s g
Sope 4 @ il Gl gl 058 53 el Calies
sxe P<O.05 stie .(N=8) ol 0 0Ly Hlrs gl £ Kl
il slass S 0p (1,5,10)+3-NP . .ol oz a3 8 L 45 ls
ap: 3-NP: 3-nitro-propionic acid,3-NP 5 L WT eus”

alnha ninene


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/5ku.29.1.34 ]

€1 alysiy) Jaclowsl — o1y Olag ()33

3- ol posdle i e b gl dibl bl s
Gl W s mly sbdbe IS olge « NP
G5 s 4 (S e O oy e 05
AU el ol rasn 53 )0 5 s Satin
L aglie 55 B-NP oS 5l 53) J 287 05 8 55 adsl
03,5 33 Shlpl cpl ZBL by gae Lol o5 o5 8
Gy dawly 4 S > el B el S J 28
s b 5l asl 3NP S s 5 Slis s
Sk Va0 sn 4w a s ALWT Ll
0> ey alS 1 sl b asls cly p SAS
53 ol Shae Olge a1y s e 53 2l S S
St ol SRl Jl e ol abble Sl 5 ot
do o 3 adsl Lol 2als B LWT 4 g L 31 )
9 VJW Sege 95 b ol Ja Oy e |y olST|
3-NP jslo J*ls G5 5 &L S~ YD
olas 3 g 3L LU, 5o b Lot andlas sl o
058l Sl de 03 (S o sl LWT
55 (YNl Cllae ol Wge Ll5 0 3-NP L sus W
2 oUT des e O ol anllas glaasl A5G
AT sladie Sl pam s 6,50k 5 il 5 Sles
5 Lee ety pl 53 .l odd o3ls Ol swae oS
bobs e 45 L8 5018 YV Jle s 0K
s 3l AU Al I e e LT
5 ST (BT Gl dlesl b ¥ 5 Sl
o adlas (Y9)33 5 o S Jmul e 53 il
Ju s 0, s Khan-Mohammadi-Khorrami
ST Sl e s GuLWT & sls olas oYY
ol (e Olo Soke 2l L1y olas dibls 5 Shes
5 ST ST ol Jlasl abuly 4 Coda 4l s
b (YO)das o il wise 0T Sl 5 oledlas
53 Jb e glaal alasl- Ml 5y 5 LW o sde
Gl 5 87 (ST Sl bl a5 O gucS L g Jibe
C3b 55 el 55 pela Rl sl (sla ) 5S6 lg

&

S
et SIS Olse 0 3NP 1 tagy ol o
2 T Calsee glajss pomen 5 058030 (6)lay
35 SU Pls o 3l eslizal b Jlab b glins| abibl>
Oy zshm el oo b (s 2l e Gla s
$laos 8 S5,5S 5 S s 3L 55 CDKS 05
b 38 5 amlie 5 s 3pse aleT il
ol addlas 5 Jb e slasl dibl> 5 Shes U3
JB 2l e B-NP oSt 355 45 s Ol
Sl s ol as e s (IL) oyl b aesde
436 53 (STL) Lse o 53 b aelsl Slsgme
g8 55 b o0y 5 b amlie ;5 Sledbl 5 5Tak
5 ol gl b 5B b WT Ll o 5Kl
AP Sas osb 4 e e s Sl Lasls
53> CDKS 05 0l gl cmoman 557 Iy (5)lalne
4 S e (sla e oS53 5 S gn L
LT Ll bl 23l sols gan I3l o 0 S
PSS 02 05 ) Ok Llagas SR 4 e
(Y mg/kg/day ;53) wlS s 5 (V¢ 5 0 mg/kg/day)
Sagne ol 48 as B-NP oS Cilys 05 8 4 Cu
3335 PSSus8 53 VL slases 53 05 Ok ralS 03
53 BOg,y Sglize Coale 4 Yol S pon 5 ol
MRNA (<)lhl Ol immas 5 calS g 5 W5, 8

Aol by e g ol s
G I 3NP Sans Giy5 8 Sl old ot
4 Bl IS Gy 4 e s3IAST el 15
Sllg 53 058l ol e (e 5 (S Olge
S ok S pmmen (0933 8 o A& l5T
6oty 031 53 STL 2l o o3be ol Goy5
ol adllas (FY)s 55 oo Jlad e gloml aabl> toeis
(OB ol o3 s Slean anlllas i b Ll 5158
395 o wtp 4w s 53 NP Sl 515 5y 5
2 STL esls g L6 Jials 5 b 5l abisl> S

a1 Cuiligans)l 9 333)0)8 / @ 9 Gy )93 / 9Bws)S ¢ Sibjy eole alSiily ale alas


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/5ku.29.1.34 ]

wabials y LW B iep

oals @b 51l oas CDKS ol 21530 alal
0585 4 s o slaise s3> CDKS (S
b s OS5 adip ey bl M B
ol ger U layl Gladg, s slaw a1 dawly
55 o osdhe CDKB  pimman (A 5 YAl 0l 5ae
bl Bt sl 3 p gl il S0s, 5 Sy T
i 53 el SNl g 55 05 (sley 3
N P P g | SIS TSP
Gib 3 T G5 5l (B Bl s s 5 Jsee
C3l 5 e oSS 53 CDKB 03 0l pelaw (6,8 o101
S 1> OLis W aly clialy pl 53 b sy CwlS sn
gl s gme I 4 e 3NP St )5
b oawlie )3 GulSoen 5 jhe WSKL58 L3 05 ol Ol
o (LT b 5l 555 YY) Jls & s 8 b 0g 8
o5 PSS 53 s gl B 55k 4 05l 0L
s 5 3 Sl 53 3L Sl Cal s
BNP G5 Jus 4 8 cul old 515 ol
5 CDKS 55, 0l s 53 55 (5 S 215
O Cdlae &5 Conl ol oalin by p 5L sl L
(F) ol ol 4l opl 55 S, G Y e
calpain/Cdkb s lge 457 Sl ol jadeive Cpizeon
O L2215 55 15 3-NP 51 50 S 55 cond ale sy

(Q)das o falS 504,55 S

S 5 4o

) sz 53 (LUT 5 s o8 315 Ol allae ol il
il bl s o p SIS 0 8 e Ve 50
Sle Je 53 STL jasla ll 5 b 5l Jls e
S edlSe 51 (K3, 8 3NP L ess W o Kl
s 3 e 5 Shes g 3 ookl i
g 2l 3 LT 151 86l (S ol
45U CDK5 o5 ol

sl (YDl 038 6, K jhe i85 wlS s
Sep o L 6 LT & ol OT LS dalys
VMt 5 el b obas e sladis s abbls s Slas
236 Calzbes glve g 4 OT 3o,y 57 aSU el okl 2l
o sl ige 53 6,5k 5 bl laslgn Sl 4
opiiee pla 5 b Sl (Y 5 ¥F 5 YOIl old 3
SYP) Sliw s Goyp a5 Cel onls Ol 4ie) ol >
ol abil 35w LT WS s s 5 (VY
G5 HF Jomn & Odemy 3 wig Oboy Sue Al L
33 Coda 4l 3 odd (g Ole) Sode LRI 5 S
ol bl 55 o roman 5 (0) ey g0 (T Sle
23 ds5 aIP s LT (63 Ol mlaw 2alSTL Jleb 2
(Pl odd ol o o b culS gs 3L
Gold,y Olalllae Jide 5y ol Jiagh glaabl (ol sl
Ll oo 595 aw o 5 ublAT bl &S das e 0L
el L Yo 1 Jleb b ool abidls 5 Shae
S5 Ol (IS Al o 3 g G 43 S
Lyl s 6,85k g abibl AT 3 a8 ol o o5ls LS
S o o ol 53 (55 IS g0 GlaeuilSa L
CDK5 b ¢ Js50 sla, sS6 51 odm (FF)Aimn
g6 CDKS (M) yls &S )lie L“W&” ol ki 5o
e oS @B 6 5 Sl S 4wl glajlS
S5 sl 5 5y ST UES Gob 5l ol 3 Shas
G ) s e SISy men Ll IS5
Jas! L;l.a(,.:m:.» BERrSywy s S8he b e s i
5 ST IS SO AS Jal e

V)l 5 30 65 5Ll o8
NV 1 ok 5> ope 25 (CDKBE) L5856 oyl
Ul 0588l 5 Ll 3T sl (oles alom 1 531 5535, 5
35 055l (g)len Jite Wl oz 3,1 8 (A L LS oo
ol Dlass S baills Sy o So5w Sl i s

4 (gl 3 Shas OGS 5 0 5L il 13l slOg, 5

11Ca 1 Cuilagaas)l 9 333)0)8 / @ g Cumy 8)9s / HBws)S (3ibjy eole slEibily ole alas


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/5ku.29.1.34 ]

R alyspl Jaclowl — osl) Glag ()53

AT Joso @ oy 5 S JLS oo IS5 (S8 9 )i
b ol&as Loy sl candllas pl glf.,\.miy 3 r\.xf@.a é-ﬂj (}1-9 Kl R o Coglee S akew g p oty
LI sl sl (gl ile Lol plnil DU el 5 b glacalm ol Ok S

g lie ol 338 o Slo,li 5 S5 ol asdlls

2wl IRRMUK.REC.1399.295 u8™ L & 50zs C«'b 3

égl.iuo

1 Ross CA, Tabrizi SJ. Huntington's disease: from molecular pathogenesis to clinical treatment. Lancet
Neurol. 2011;10(1):83-98.

2.Bonelli RM, Hofmann P. A review of the treatment options for Huntington’s disease. Expert Opin
Pharmacother. 2004;5(4):767-76.

3.Gray M, Egan GF, Ando A, Churchyard A, Chua P, Stout JC, et al. Prefrontal activity in
Huntington's disease reflects cognitive and neuropsychiatric disturbances: the IMAGE-HD study. Exp
Neurol. 2013;239:218-28.

4 Lemiere J, Decruyenaere M, Evers-Kiebooms G, Vandenbussche E, Dom R. Cognitive changes in

patients with Huntington’s disease (HD) and asymptomatic carriers of the HD mutation: A
longitudinal follow—up study. J Neurol. 2004;251:935-42.

5.Lawrence AD, Watkins LH, Sahakian BJ, Hodges JR, Robbins TW. Visual object and visuospatial

cognition in Huntington's disease: implications for information processing in corticostriatal circuits.
Brain. 2000;123(7):1349-64.

6 Majerova V, Kalin¢ik T, Laczé J, Vyhnalek M, Hort J, Bojar M, et al. Disturbance of real space

navigation in moderately advanced but not in early Huntington's disease. J Neurol Sci. 2012;312(1-
2):86-91.

7.Spargo E, Everall I, Lantos P. Neuronal loss in the hippocampus in Huntington's disease: a
comparison with HIV infection. J Neurol Neurosurg Psychiatry. 1993;56(5):487-91.
8.Alvarez-Periel E, Puigdellivol M, Brito V, Plattner F, Bibb JA, Alberch J, et al. Cdk5 contributes to

Huntington’s disease learning and memory deficits via modulation of brain region-specific substrates.
Mol Neurobiol. 2018;55:6250-68.

9.Crespo-Biel N, Camins A, Pallas M, Canudas A. Evidence of calpain/cdk5 pathway inhibition by
lithium in 3-nitropropionic acid toxicity in vivo and in vitro. Neuropharmacology. 2009;56(2):422-8.
10.Duff K, Paulsen J, Mills J, Beglinger L, Moser D, Smith M, et al. Mild cognitive impairment in
prediagnosed Huntington disease. Neurology. 2010;75(6):500-7.

11 Paoletti P, Vila I, Rifé M ,Lizcano JM, Alberch J, Ginés S. Dopaminergic and glutamatergic

signaling crosstalk in Huntington's disease neurodegeneration: the role of p25/cyclin-dependent kinase
5. J Neurosci. 2008;28(40):10090-101.

12 Ramaswamy S, McBride JL, Kordower JH. Animal models of Huntington's disease. llar J.
2007;48(4):356-73.

a1 Cuiligans)l 9 333)0)8 / @ 9 Gy )93 / 9Bws)S ¢ Sibjy eole alSiily ale alas


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/5ku.29.1.34 ]

waBbls yy oW1 31 6K

13Fu Y, He F, Zhang S, Jiao X. Consistent striatal damage in rats induced by 3-nitropropionic acid

and cultures of arthrinium fungus. Neurotoxicol Teratol. 1995;17(4):413-8.
14 Brouillet E, Guyot MC, Mittoux V, Altairac S, Condé F, Palfi S, et al. Partial inhibition of brain

succinate dehydrogenase by 3-nitropropionic acid is sufficient to initiate striatal degeneration in rat. J
Neurochem. 1998;70(2):794-805.
15 Akashiba H, lkegaya Y, Nishiyama N, Matsuki N. Differential involvement of cell cycle

reactivation between striatal and cortical neurons in cell death induced by 3-nitropropionic acid. J Biol
Chem. 2008;283(10):6594-606.

16 Menze ET, Esmat A, Tadros MG, Abdel-Naim AB, Khalifa AE. Genistein improves 3-NPA-

induced memory impairment in ovariectomized rats: impact of its antioxidant, anti-inflammatory and
acetylcholinesterase modulatory properties. PLoS ONE. 2015; 10(2):
doi.org/10.1371/journal.pone.0117223.

17 Martina A, Christian S. a-Pinene: A never-ending story. Phytochemistry. 2021;190(1):112857-63.

18Him A, Ozbek H, Turel I, Oner AC. Antinociceptive activity of alpha-pinene and fenchone.
Pharmacologyonline. 2008;3:363-9.
19 Porres-Martinez M, Gonzalez-Burgos E, Carretero ME, Gémez-Serranillos MP. In vitro

neuroprotective potential of the monoterpenes a-pinene and 1, 8-cineole against H202-induced
oxidative stress in PC12 cells. Z Naturforsch C J Biosci. 2016;71(7-8):191-9.

20 Khoshnazar M ,Bigdeli MR, Parvardeh S, Pouriran R. Attenuating effect of a-pinene on

neurobehavioural deficit, oxidative damage and inflammatory response following focal ischaemic
stroke in rat. J Pharm Pharmacol. 2019;71(11):1725-33.

21 Khoshnazar M, Parvardeh S, Bigdeli MR. Alpha-pinene exerts neuroprotective effects via anti-

inflammatory and anti-apoptotic mechanisms in a rat model of focal cerebral ischemia-reperfusion. J
Stroke Cerebrovasc Dis. 2020;29(8):104977.

22 Rahmani H, Moloudi MR, Hashemi P, Hassanzadeh K, Izadpanah E. Alpha-Pinene alleviates motor

activity in animal model of Huntington’s disease via enhancing antioxidant capacity. Neurochem Res.
2023; 23:1-8.

23 Hashemi P, Rahmani H, Moloudi MR, Rahimi K ,Vahabzadeh Z, 1zadpanah E. Alpha-Pinene effect

on improving working and spatial memory in rats. SIKU 2023; 28 (2) :28-39 [in Perian]
24 Goudarzi S, Rafieirad M. Evaluating the effect of a-pinene on motor activity, avoidance memory

and lipid peroxidation in animal model of Parkinson disease in adult male rats. Res J Pharmacog.
2017;4(2):53-63.
25.Khan-Mohammadi-Khorrami MK, Asle-Rousta M, Rahnema M, Amini R. Neuroprotective effect

of alpha-pinene is mediated by suppression of the TNF-o/NF-kB pathway in Alzheimer's disease rat
model. J Biochem Mol Toxicol. 2022;36(5): doi.org/10.1002/jbt.23006

26.Lee G-Y, Lee C, Park GH, Jang J-H. Amelioration of Scopolamine-Induced Learning and Memory
Impairment by Multiple Bioactivities of Traditional Medicinal Herbs for Treatment of
Neurodegenerative  Diseases. J Evid Based Complementary Altern Med. 2017,
doi.org/10.1155/2017/4926815

11Ca 1 Cuilagaas)l 9 333)0)8 / @ g Cumy 8)9s / HBws)S (3ibjy eole slEibily ole alas


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html

[ Downloaded from siku.muk.ac.ir on 2025-10-16 ]

[ DOI: 10.61186/5ku.29.1.34 ]

€0 olysiy) daclowl — o3l) ©lag ()33

27 Fotoohi A, Moloudi MR, Hosseini S, Hassanzadeh K, Feligioni M, lzadpanah E. A novel

pharmacological protective role for safranal in an animal model of Huntington’s disease. Neurochem
Res. 2021;46:1372-9.

28 Kaur N, Jamwal S, Deshmukh R, Gauttam V, Kumar P. Beneficial effect of rice bran extract

against 3-nitropropionic acid induced experimental Huntington's disease in rats. Toxicol Rep.
2015;1(2):1222-32.
29 Bae G-S, Park K-C, Choi SB, Jo I-J, Choi M-O, Hong S-H, et al. Protective effects of alpha-pinene

in mice with cerulein-induced acute pancreatitis. Life Sci. 2012;91(17-18):866-71.
30.Nazarinia D, Karimpour S, Hashemi P, Dolatshahi M. Neuroprotective effects of Royal Jelly (RJ)

against pentylenetetrazole (PTZ)-induced seizures in rats by targeting inflammation and oxidative
stress. J CHEM NEUROANAT. 2023;129: doi:10.1016/j.jchemneu.2023.102255.
31 Ahshin-Majd S, Zamani S, Kiamari T, Kiasalari Z, Baluchnejadmojarad T, Roghani M. Carnosine

ameliorates cognitive deficits in streptozotocin-induced diabetic rats: Possible involved mechanisms.
Peptides. 2016;86:102-11.

32 Silva RH, Abilio VC, Kameda SR, Takatsu-Coleman AL, Carvalho RC, Ribeiro RdA, et al Effects

of 3-nitropropionic acid administration on memory and hippocampal lipid peroxidation in sleep-
deprived mice. Prog Neuropsychopharmacol Biol Psychiatry. 2007;31(1):65-70.

33.Fernagut P, Diguet E, Stefanova N, Biran M, Wenning G, Canioni P, et al. Subacute systemic 3-

nitropropionic acid intoxication induces a distinct motor disorder in adult C57BI/6 mice: behavioural
and histopathological characterisation. Neuroscience. 2002;114(4):1005-17.

34 Nozari K, Rafieirad M. Comparison of Alphapinene and Donpezil Effects on Passive Avoidance
Memory in Adult Male Rats. Qom Univ Med Sci J. 2019;13(4):1-10. [in Persian]
35.Ahmadi-kanali R, Abbasnejad M, Esmaeili-Mahani S, Pourrahimi AM, Kooshki R. Effects of Intra-

hippocampal Administration of Alpha-pinene on Learning and Memory Performances in Adult Male
Rats. J Maz Univ Med Sci. 2021;31(200):26-37. [in Persian]

36.D’Mello SR. When good kinases go rogue: Gsk3, p38 mapk and cdks as therapeutic targets for
alzheimer’s and huntington’s disease. Int J Mol Sci. 2021;22(11):5911.
37 McLinden KA, Trunova S, Giniger E. At the fulcrum in health and disease: Cdk5 and the balancing

acts of neuronal structure and physiology. Brain disord ther. 2012; doi: 10.4172/2168-975X.S1-001.
38.Cheung ZH, Ip NY. Cdk5: a multifaceted kinase in neurodegenerative diseases. Trends in cell

biology. 2012; doi: 10.4172/2168-975X.51-001
39.Murmu RP, Li W, Holtmaat A, Li J-Y. Dendritic spine instability leads to progressive neocortical

spine loss in a mouse model of Huntington's disease. J Neurosci. 2013;33(32):12997-3009.
40 Crespo-Biel N, Camins A, Pelegri C, Vilaplana J, Pallas M, Canudas AM. 3-Nitropropionic acid
activates calpain/cdk5 pathway in rat striatum. Neurosci Lett. 2007;421(1):77-81.

a1 Cuiligans)l 9 333)0)8 / @ 9 Gy )93 / 9Bws)S ¢ Sibjy eole alSiily ale alas


http://dx.doi.org/10.61186/sjku.29.1.34
http://sjku.muk.ac.ir/article-1-7942-en.html
http://www.tcpdf.org

