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ABSTRACT

Background and Aim. It has been reported that lithium (Li) has neuroprotective effects in
neurodegenerative diseases. In this study, we investigated the association between serum Li level
and Parkinson’s disease induced by 6-hydroxypapamine (6-OHDA) in rats.

Material and Methods. 6-OHDA was injected into the medial forebrain bundle by stereotoxic
surgery. Apomorphine- induced rotational and cylinder tests were carried out before the toxin
injection and in the second and sixth weeks thereafter. Blood samples were collected from the
heart of the animals in the seventh week. The survival of dopaminergic (DA) neurons in the
substantia nigra pars compacta (SNc) was determined using immunohistochemistry. Li was
measured by ion selective electrode method (ISE).

Results. There was no significant difference in the serum Li levels between control and 6-
OHDA-treated rats. Based on the severity of the rotational behavior, the 6- OHDA- treated rats
were divided into two subgroups: symptomatic (with severe behavioral symptoms) and
asymptomatic (with no or mild behavioral symptoms). In the symptomatic and asymptomatic
subgroups, SNc DA neuronal loss was 83 + 16% and 45+ 10%, respectively. Serum li level in the
asymptomatic subgroup was significantly higher than that in the symptomatic subgroup and
control group.

Conclusion. Serum Li level increased in the mild to moderate damage to SNc DA neurons but
returned to normal value in severe neuronal damage. Therefore, an increase in serum Li level can
predict subclinical SNc DA neuronal death and helps in making early diagnosis of PD.
Keywords: Parkinson's disease, Serum lithium level, 6-hydroxydopamine, Apomorphine,
Dopaminergic neurons, Substantia nigra

Received: Jan 26, 2021 Accepted: Nov 7, 2021

How to cite the article: Mohammad Hossein Esmaeli, Hashem Haghdoost-Yazdi,Milad Mazaheri. Increased
Serum Lithium Level due to Mild to Moderate damage to Dopaminergic Neurons of the Substantia Nigra,
Evidence from Animal Model of Parkinson’s Disease induced by 6-Hydoxydopamine.BJKU 2022;27(5):10-23.

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



10-2371401 55 g )31 7 Crda g Cuny 8)9s / olws)S b)) eole 28l (ale alas

P g (50 g T g 381 s Ol o> 9§ ol (S 9 39 Laww gio B S T
g 31 (5 ylows (wold (S 9 30D —6 (JI1ga> Juwo HY (G gui €8 g 0

38l 5o 2603 Cwgd 35 pild I slow! o doo

0000-X:S 1 IS™ el e 358 e (K psbe o313 S o (sl (5bows 31 (58 shor oSy o JoSe 5 (I ghor adions S pn 550325 03,5 sl ]
0003-2152-966

g (s ki ) Ol €538 00538 (S e ol 815 8 sla (ol 1 (68 sl 0dSCiin g3 ¢ JsSe 5 o Sliind 38 0 (555058 05,5 obesils 2
0000-0001-5825-8758 :us",1 15 028-33336001 : .4 hhaghdoost@gmail.com :$G 5 31

SISOl (o ens B (S p ke ot S5 b 6la (oles 51 68 e o dSCin g3 ¢SS 5 s Dl S n (555 09,8 (onsee 555 3
5324-2181-0003-0000

ol

LUl candllan pl 53 ol 531555555 Sl Golew 3 (G305 Shlis DIyl paid 45T ol 0 Sl F rBad 9 A}
Wi ) g 2t sn 53 3 (oS 500 s 51 (LB 0 5uiS L ol 5 p s (oh e el

25 e G153 3B o) sl 0geT s Gy 5 Sle g (Sme s 4l 4 el 93 (S 55— 6 il (f95 9 Sge
Sladshe el G 5 b (555 e Sl B 51 055 W coain win 53 258 plowl OT I ey i 5 £ slaatin
el 55 2SI Sy Sl eslizal b P b gy p (o st g smal 3l e3linal b ol o wted oS 20 5w s &S5 by
i 6, S el O s

b33 (S sotam 6 oS 3l ys gla Bse 5 IS 65 8 Sl g o paid on e b 53 ()13 gme O 1S
L) Cadle g5 (Aks @3Me L) ols Caadhe 03,8 15 93 4 g oliS 3L 53 sl b ge (600 @ IDle Dkh il LS adalie
45210 cdle 0sty 583 216 4ls cadhe (sla 03 8 55 55 55 els W03 &5 e Ao s Lk o (Lt (3o
Cadle 03,8 15 53 OT 3l e 13 sme Sy poty Sadle D5k 038 15 03 pad (o i 35 SRS 055 1 S Ly
25 S 5l

s ol 55 5 bl (oo il ol e 605 il 3 SLass 5 Lo sie b it T )3 gt (o o o 18 g Aol
ST S 0 Sy ol 13395 St 4 L5 o p5d o e 53 Rl 55 1 5135 8 e S b e

ol o (505l 93 S 0355 ¢80T etld (S 550 o (o pebans 0 5SS (6 5len IS (S 0319
1400/8/16: _z 4, 1400/8/15: ;g axSol 99/11/26:d\is J 5 5


mailto:hhaghdoost@gmail.com

o 90)08 bangis G chudd w12

MPP+ o Sl 51 51 15 on s ¢ a2 5T Jaul 5 5
S5l s Sla Oy 58 0S5 Jale 55 05595
5 (INVivo) 5 05y Sl (12 5 11) w8 (5,8 gl
Gk Ol sl aST Wil esls OLis sawze (IN Vitro) 5 0
S5l oler L1 I oLl 5 51Tl s
355 S5 bl 1 S s —WT Cill e
T $2axin 8555l s Sla s ipan AS (o W1
31 6,S o 6l 36 ol OT G b 5148 ol ok o3l
LS lge b e ol S S g0 Jos 1 0905 5 e
ol 0 0305 LS 487 Conl (GSK-3) Sl 05,508 3
03 i sl JT (lew 5556 53 OT Lail 5 Shes
JLQW.X_}\)S@C}__J._JJQH& 0315 OLiS pimman
355 (BDNF) e 5 Gotin &S5 55, 5 555 s O
Ollsil 5 2lay 5038 b5 1) Ssy5 5 (ol 503 BDNF
ol eoml e () S o Slaiy 1 b 0,5 6
N St Sl 15 (0 052 65 sl 0l = oo 405 5
O_i|.vu>di&l§b,k.]a$uwjawtwsdhaxﬁf»
3B LS slam! Juale Ol 4 Cole 2131

(4) 558 o byrebssgsd 65yl Dde SV sb o e
Olusl 53 O3Sl Solons 5 p 53 o BLILI (08 Dl
L oIl ladlas LaoT aan Ly &5 dUles Sy )
s Al ) 03,57 5 4 )30 45 s S5 5 ) e
sloul el 605 el 55 (sla Oy 5 0kis ey S e LT &S
el b a5t (o e ool o > Sealys i
() e AL g G555 S8 e ol Ml e
JL slaesls (comorbidity) (g Ly L 4 Sl Sl
Lo 355 ol 5 S e s 6, Keder 5 b 4y
callls ool 53 cpl ol (1S o (6,8 o L5l ol 385
=S 3o 0 o 51 (56 8 Sl 6)lew o LS
S 3= 0 s e 53 o5 (oo lans 5 sl 9
vm;gd.u&_n,;wu,r:wqfl.uw)ﬁwgﬁ

.

dodo
ST it 53 S5 el ss Sl s s 0is iy 5 e
2 ol S5 5 5 5 pdlSe Gloe e 3 el
ol g Sl el O S (6l 3l
das o Ol dalpd Ll sl o Say8 S5 el 4 oeie
La (S st 3, Shes s Mt 5 551 ST il oS
O3S 5L sl U =Ne (1-3) WS ls age 25
ol Sl 3 25 Osmpen (S o Me Juls
d@‘%&é)))gusjd;wu}iwd{kféb‘ﬁ
e S5 el 33 (sl 03,55 31470 55 oSG 51 ey
2l t0 54 Ls o KT il 4y s ol
o 933 65 e a8 ) S Sl Gadti 5 b3,
25 0B e (sl Ll o a3 DL 5 s 055
@l Al dde 8 iSOl Solas g o e dn
0535 & o ol ol 3 K 5510nST (Glaw il &S
534S GLS 5L sl (o (e 55 il 93 sl
Q) Az oy 5 5 ol Casadl S5 [EE el opl
= Sl O gl g plad 3 &5 el LIS (56 52
b8 55 SV Olays 5o Jlw 5O 51 i (6l o 5 358
poid & Sl 0ds 1) (salsd 51 (6) 558 oo o5liza
LS o B b Oy g 0 diS Chli s ¢S Ol g 4
S S e 3 (63500 Ol 5 re 4 (B o 52
Gub 3l s (1) das o alS 1) (g 5re Jstls (65 505
oy 5 6 (la g O gD s hed pon RS
o e 4Bl AT Gl e e 55 ) kT
o S 1S o p st s e (958) ST
S Jhe 53 gl e lase Labiee e 55 955
Golow U BLs 13 (10)aas zals 1, 05Kl (s les
iSO la e 53 oS Sl ot 18 0 puiS L
22 oelasn SRS 5 Gas s o A Sl psnd oS 553 0l
o) 093 (11-13)a8 o (6,8 glo JUL s Ko s

1401 53 9 BT 7 Crdo g Sy 8)9s / OBws)S b)) eole 28 (alc alas



13 sshy Cumgy Go bl

05,5 (n=9) =S 05 8 s s 2le3Tes S
= 6055 .(0=29) sl g5 S 5 yan- 605 5 5 (1=10)
= 6 Ul 5 b 0,8 5 melyss (S s
G e 0335 S5 5 OT I 5 sl 55 (S 550
e)JfJ_A):e.\_&J_(SdLAUZ}_»)LQ_&.A_Z:;QJLU:
G 3e5 LaGT I 5 0dsle o) el (5Ll b aS™ ol (g las
Sl 53 09,8 55 La e shsl cptoman i3 8 4y 05
Lol 1 La0T ey 0152 U s Slsl iy e oS
3 305 el ks (gl 03,5 15 4 (S)be
Dl aal

s e Ol 1y andllas oplys i lesT Slej asl 1 S
348 el by e T L ol oLl i o 0 5a 5T
Wil o ey Ll i o 1051 2S4S Sl
3 e s ma T syl cdindls o b Sy S 4
O}.AjT)LA&L-WDJ"éJL&.L»‘ijc.l.ﬁuiiuj-‘-cjj).ké-
e 3285 planil ot Ol Gl bge (595 1 (G
S G5 e an OT Dl b 3 (oS 558 6
o= 3ol Sy 1 olas U e 5 (it 2 sla0 05T
S o s 0 5a5T 1 by sa T 36 516 A plon
pw

Sl

e G b 51 OT I3 b (L&) (ol 53 (oS 58— 6
S G s el >l Sl ealisl b 5 O sibals (6 25 S 10
GaoF Sy o Sas Gl o s (G5ae diws 4l 515 4
S ke T0) alsS 51 (oS 5 L ) SUl e s
(05 S 08 e 0) 5 5 (Blis Js p SkS
= 60,55 e 16 s Lt g (i 55
S e iy S d psed s Jo eliss (S s
U s abis g5 4 (£0/2) ¢S Sl el (5 5=(NaCl)
4 (AP) il alB 5 Dl b o gl (6 e aiwd

Je ol ST el Sslize DLl 53 0 iS5l (Sobey (L
Sl a5 Jdos 53 8 5 ol Ik glal b L5 e
L) 5 s 2 ST el Al S 5
IS ST b S5555 S5 e e 5 Sa)s
dis ol s sl Slalllas OV e (15) S
3T Ao (o e g sl SLa i,y L Ol 0
Gob ol 3V 55,8 Ll 605 ks Sy s B

aad sty o 03 D35 ol 5 e UL
d(.ﬂu,,\ch_w,aﬁsJﬁﬂzowumuﬁ
Sl Ul g e kil o0 15 0953 (s OIS 5T 5
L oleys Comed (sla g 5o o555l 3 G0y 5 o5 e
Lo (16) S s s )y cpaly 53 (S 5 ylon- 6(._.,,
e b Ol o e fAge e 53 1) S0 5 e pme
a_fr:;;t_iﬁ,ﬁ;;éﬁfa;w el ss oS g ydn- 6
sl o 4t (1 0 oy OG5 53 sla 05555 5 e
Lo 0313) Cl ol ot slis ol o s oela e LS L

() oS oo

b w9y 9 3lge

fsinleiT sy S 5 bl s

Sy o e o815 55 1398 Jlu 3 o anlllas
S s 355 51 AL 5 ol e Sl e S50 1 29
03 9doue 5 Gaier (Il 3 a5 (Ol ! Lc;cdj‘) dns 30)
2L e A el sy 0,8 300 L 250 s
X 59 X20 sl U o5, 1 gla mis 55 ol&iils 6ol s
el 12 Ll b 5 ods J 28 Oyl o aomya b 361 5538
e 5 ol 4 s s o)1 Sk cele 12 5 sy,
O_A\L;ud\_wcl_‘,:. LS 2w 3 gl Doy o 4
s Sl sla bl fondly sws U 5o aalla
G S Uy 958 (S p e oliils 3 Olidios
i g ba B g, Coul 0 il IR.QUMS.REC.1397.127

1401 3 9 BT 7 Crda g Sy 2)9s 7 OBws)S b)) eole oGS (ke alas



o 09)03 buwgile G LhadA g.;nﬁ 14

6-OHDA injection

L2 AP:-4/4 49 (DV) Ko zio —1/8 (L) Sl
bl Lo 5 ol Sl Slaziee b 5 DV: 8/8

blood collection
and perfusion

behavioral tests

bicchemisty,
immunohistochemistry

b Pl OT 3 i 9 £9 (S 4iAR 33 § pw B2 3 D didd & (Sl Sl 3T . alodT (s Olo 4ol 1 ICh
BOT 30 9 Wb 0598 3 095 & 30 B g0 3 (B9 OTH . Ad PLml o 31 Lt il 4D 30 P g Tl Sl § 095 (5197 2o
A3 0 O [y pw 3 o S 3g )y dlusl. ul sl o gl giges | Ol llae (ST g

Gl S Oab e s Sl eslizal o g Oga3T opl s
19) c5.8 515 o)y 390 b3 Sllllas ulul 5 Lol
03 Sike 4 5 4 S 15 glailgal 3 b 3 ba i (20
o) 93l 0sls LT 4 Lases 53 alsljT &S > ojll 4ids
olesligs Al o b Conly Cows la wled sldad (e
S pated by O 055 s Jols b ke 4 b
6 yod ¢ gt ok kel 3 g olss S5 ee iolaT ol gl

138 e 5 Alslan b 0, pute

O, pae o, =INI+C+B-C\I+C+B:
Sb S b wled slw 55 4 C o5 1 0Ty oS
Ol By das o Ol 1) filas S 5 (Cnly) o
4 by Okl ol Cans 93 o L la uled sl odias
ua;ﬂjg;.,uol,g.@llt:—ljluwsgjwrx.c
wlle Db s by T O b s oS ias e OLS

)Lﬁb‘w_‘jb‘.b:ydb;ﬁ}OJ‘xbbww6‘;3&_.\::_}3

16y 0T

Pl b eds W s o 0 pe5T-

o o sy b g el b eds W s 0aT
W ysb 4 (18 5 16) ws el sl 0k o5ls e 5
o b oSG o aids 5 gl b ol o3l La s ge 4l
Lo b (oo il 38 cplis )l ¢ aa 5le 28 ¢ l3) (slail gzl
075 LS 85507 LA 550 e 5 55 o 5ila
A Gy Blie 5 Do 4 ((SAS e S ke
30 Gue s oS Gl i sliw cakds &Sl e
b4 b i sl A S o ol 3l b g ands
e 342) O blie b (e 3148) o G5 Joee 0 Sas

S e Dl S b i Al sl s 8
4 oAl e i YL SN aales ke O
i 4 die oS e (0 DL o 15 0 S Blan O b

R PR Jl:;ﬂ

Dydkew 05057

1401 53 9 BT 7 Crdo g Sy 8)9s / OBws)S b)) eole 28 (alc alas



15 ($shy Cumgy G eubls

(sS A19G  wiss 60) a5t ool ST L Lol
e 3 b G 0T Sl e i 4 sS (Gy S Bl
ok sl 63 5 (HRP) sl )y o 5l 51 (oS 5
Sl Si TS, b a8 15 aass 60 D
b by OTSl o 358 ol ()5 @K Soo otaline
LOT Ll olila g 5 GWSTL bl Lo g (Ll o duns
5 Lus odalin 10 LS55 b esradl Sy Koo 5o
5125 -4/8 (LS 03 gdome 53 oS ol e 3l ol 2 p
O 3 Ola 2 03 B R e S LT L
b o 038 4 S sk 4 S 5 50 L g
Chp g JBle eld Ol 4 g 93 ld Ol i
Shoeslizel L oCe TH gladshe .Cils 55y alols
soled 5 odalin 400 &L«;?J‘}f BERTSYY g’)}i.ﬂ},(:n

TR

Tl o 54 s
auslie . Ol SEM Mean(2) &) 50 4 b osls  oles
Cd ol yor 4 @2 b &G iblg 2T Sl eslizal L Ls esls
4288 D g (tHteST) (5 0505T iopan 5 (S 5 (o
Gl 0503 (sla o3l (COrrelation)  Siwas w5 shie
N esid o o Gl ools b e 5 gl 5 551
S 35m 53 b oliad O gy (Sied 5 lons
03l g c)a.n Ol e 4 P<0/05 clz» 5 O] claadl

el

Tty st

4 ke 5 el beds LWl i o (o)l 05e5T o
Sdd byl remer 5 dde sl I Oluebl skt
2 Sllasel el os a b e 510 e sl ley

g)uubu:ﬁ)_,ﬂﬁ-\-ba&;';w\&ﬁdy‘)]-@bzL}i&

oy bkl O pmiS L ob 4 Ve hge G &S 5y (o
A3 O ) e 5 BB S O, pule

s o e S o3I 5 S 0

3 Solhy slaoseiT 0L 5l pxis win 3 S0
SRS 0 5l S 28 Do B 058 S S
o313 51 3 Goes (g 53 2Dl s el S5 L Ol
Mo sk Sl 51 eslizal b ppw O 3Ll 1y A3
)& (ax::J S oLl Ol b 4> ~80 s H\{.sjf
P S Sa @B G O pasd Ol e Gl S
st e33O opl S o3Il sl Jglice
A o3liul (ol b

felid Sab by

0908 031 Caws 51 Ddd SL5)N Gl (o it 5 5
plol (SNC) ol pr s H3(DA) 5 2als o
S b e s b 5 JES 09 8 a5l e 4w 3 8
b s 3 ks 2lesT ol 5,15 6 -OHDA o5 8
A e S0 LB G b 1 s p e DS s S
A e 100 550= 5 (PBS) ol 3L Sl
03057 s sha 0T 51 ey kb g A4 a5l 0L
S5 aLT slear a4 s Wl phl js b oSS s A
3okl e B b 5> Sopo b Sl e iie 235
JBs,S Gl i e 3 18 (558 L 05k (5 Ay
Thermo 55 o 51 oslizal b (oy Sn 8 Culsns)
S a5 4 (0SS Shandon Microtome)
23 Ol S 1 e ol OBl gla S s O]
X-100 o4 5 702 b 5 28 s 58 5ecs Job
710 31 eslizal b polastl e SVl 5 s Sla T
5 S s w505 0T s 4 ik 3 gubees S Ja
piss b ol g_s‘“‘T L :\stzjb a5 4 gy
5 Gu,S e 200 :1) i 4SSl (TH) 35S 5y den

1401 3 9 BT 7 Crda g Sy 2)9s 7 OBws)S b)) eole oGS (ke alas



o 90)08 bungis U chudd ] 16

b oyl es ead Gl o b Gy S Sl eslasal (¢l
9 J S e oy 8 s 0, P 0 pod ¢ I g LB
Cilys 038 3 bl tdile B ho 4 S0s5 LB b
035 3L RIE g BB Ol 4 00 Cnl (e oS
+ 0/08 5 0/17+0/06 4 55 & oid 5 3> o i
S das e 0l slusl ol idew, (P<0.001) 0/51
CMIJ@:j\mb@@;‘-;rwax;fag);duk;y
s oalazwl b o)lgs u‘"‘J sy

1 conmtral

— - i =
= =lu sl
= i
= 1o —
o —
E oood e ——
=
=
= <AOeCr -
= 3O
== =
= -
20y ]
1 OeCr
O e —

Bl =hamm

BB i S s e 5SS g o I S s (s
& Gl sl gs LB o Gyl e LI 0L g 5
oo 4 (345 S i 7 mlss oS aska 6 05 8
qﬁjl@rumﬁuu:sﬁ.ﬂm-.m\:ow%
4) > e3> ads 5l iy (P<0.001) (s)ls sme b

(e 5 9 azin 53285460, 1602305 5
ot gls 05057 ls 2 I s il glayls gas
uajfw);o,us(wa,mﬁ;i‘p. das e Ol

ﬁj@AQU\?S@ud‘A{uﬁj&.@Qé&:j

El - OFITA

Asymmety Sere

L) l.‘.ll.‘.l: o s

sWI s 2 Og03] G 48l Cuiy 4 Cwl) 9 o G109 . Lb3T Ll Slvog 5 1o (Sl SogedT s 2 Ko
9 Slo S31905 9 o B205 3 IS LgadT (il SABl (YL S s13g0i. KBS (0 UL 13 s 0903T 9 (g0 T b 0wl
o oW 4 Gl pidle Dud gl o0 oudlin 45 Heblad LB S 0 LS l,gT}lmM5fga‘5um;a;‘,.§;4gew

P iR S § A il 519 3BT 0903 T s 9 J 55 095 b duwglio 53 ***: P<0.001 .ol il 380 o B33

Lpsnd e g

‘ﬁ;\uﬁrmmﬁmﬂ@mmsjyom.Mggou&u;Tqmduejf,gl,cxgGﬁﬂcz,ﬁJi.z
)l.ak;'a.aLgJLoTJ.]éjj\J)L‘:’-lJL\vﬁjbﬁdjz‘f}riajjfj\j‘)(l{‘.;-\ﬂrﬁauufalijséhg}y)atﬁwﬂéa.»
6«53}-\?&—6aij330/530/49V..iajjf)JLO/S)O/S Jjﬁajijaq;mrjﬁ;ﬂsﬁad;ytjwﬁsy

g d OV (ST Ae 076 50/5 sl ss

1401 53 9 BT 7 Crdo g Sy 8)9s / OBws)S b)) eole 28 (alc alas



17 sshy Cumgs G eibla

I:I e treel
oS3 — - sham
_ Bl - oA
.5 —
I O —
pu— _
=
= 0 e —
— O S —
L B :
[ e § :
Groups Mean (mEg/L) Standard Error P value
Control (n=9) /5 /000
Sham (n=10) /498 /0013 /17
6-OHDA (n=29) 7506 /004 J2

el T Calises laos £ 53 (L) o ooy e 3 KO

035 25 0 poid w355 g0 o dalin S, bolen das
05,5 2555 0T 51 5L ols gme sob 4 Cdle 05y
20V ST Le /52 % ./01)>ﬁ(,;°b?,)\> e
cade o3 8 530/5 £ 0/00 5 cade Dok 05 5 4 2
03 8 4 oSn5 e cpl 5ls Cadle 03 55 5 S ¢ Gl
g S 2 0l LT Jow 54 Wl 21 L 05y o2
P 03 paid e e 5 b A5 ol e (L)
0= 0127 (LI sy e oS L) gl s (sla
jlw{..;um,.udi.;.ﬁ.;\,\,swnzm¢P=O.302
[ o oS 5L 53 (gla Bsn (oalad 53 paid lav 5 o
wis j3 b i o sl 5w n = 17 P = 046 = 0.19

Cﬁ@ﬂckﬂ)é)b)vjwabdf‘bu)‘
4 plie 5 0L Fel o ol 3Ly Gl
S LOT 3 b i o slded 5 Ll Ol b s s
s b Ll Ol s s WOT 51l Ll tbisls
alaign ol (bl (al 239 05 Sl BOT 55 bt
(symptomatic, N=17) 15 oMo 1l ponsd 05,8 5593
05T b ys i 2200 51 s aST Sla e Juls
Jols (asymptomatic, n=11) e Oy 5 Lsls Ol
30 51 a8 L Ll Ol sy s S gl S
Gl w4 JKa Glalsgas dzils i

O laos 8 5 ol 531y pad (o el 5 S

1401 3 9 BT 7 Crda g Sy 2)9s 7 OBws)S b)) eole oGS (ke alas



o 90)03 bangis U chudd (w18

=
= S
=
= s O o |
o
=
= oo —
=
-
= pele L]
-=—
=]
= oo
=
= [l
= P R —
-_—

Cadle 035 55w Gl sl se 53 pand mh 5 il

eSS
-

sty ek

Bl = rmpsoarrsatic

] ass o eynati o

AR .y OIS CBL 33 S g0 Cwdle Ha 9 10 Cuodle (BB 097 93 38 cpd gl b ond s S > g0l b 4K
codle O 9 (Symptomatic) ylacade Wy F a3 38 (Cwl )19503) posid (o g § (Vb 10g0) B S >
0955 93 cnl o Poid (0w Tl 9 I S > Slaw 50 Lgldl Ll oud 0318 Ol =L 30 (Sl jigo 3 (BSymptomatic)

D99 518 xo B

P (S S g b O il 59 BT 3903 T .o 09 5 § uedle 9N 095 53 b dwslie 0% P<0.05

(t-test) 5 0a03T e O3 0957 93 b duglio 35 ***: P<0,001

(t-test) J Ogo3T .09, 23 Ol 33 P95 4idd b dwlio yo ###: P<0.001

By ar g BB 5 Cadle Osr 058 5 55 S5 ls
D35 > Cadle sla oy 85 e TH (sla 0g) 5 les
05,8 3 7S 355210 58316 sy 4 cude
w25 J= ol L .(P<0.001S Ko ) s ged) 35 J 28
o,)};d_\.s\.\,aOﬁdbu)\@ﬁs.sbom@ﬂt}:b;j
355 o oIS 3L 3 (sla ige 53 p gt (o o 5 a

.n=8 P =0.25a=0.246) cilL

Uidu 85 mebes gl Oayp 0sls Cas 31w bl

Tosd s o 5 ol e oS e
6[&0})}3 BE \) 4&3_\-»& R 5 Jg.l BE a J‘;)Jg,:a
3o Slaes 8 3 she e (ST b U5 s
Gl Sige Cade Oay 5 ls Cadle slaey S 5 paean
chWKJijMM:@QUuﬁaJ.SCJH)J
Mo o35 15 55 ¢SS5 eliss $b0ss 5 o5 e 0o sa

Gl Oap 03l Cws 3l ol Loy e zlE

1401 53 9 BT 7 Crdo g Sy 8)9s / OBws)S b)) eole 28 (alc alas



19 (sshy Cumgy G eibls

% of control
o
(=]
1

sham |

=
=)
(=]
1l 1
' *
symptomatic D—«:

asymptomatic

0350 U8 05,8 polie do 55 pgd G55 03 58
J1m 3 psid (oo o 4575 ST 0L 015 o 0l 2
ol i 53 S5 a3 (sLa 03555 0 T (12!
Slie & T ol 228 5 28 L Ll bl o 1

358 3k aib
O3S 5l Solo 5 p s (oo el L) asllan
s g 2005) 01, LSan 5 46,5 los S gy 2
300U 1y O iS40 Mas Olley 3 55515 aie 26
p5id Ol L21) s 57 a3 0l Olaas J 287
STOL£0/75 5 oy 0oz 5 575130 5515 0
Ol aS s S 358 A e 530 S560/79£0/6
s g 93 4 05 0Ll 3 p o (acb o Aas (s

iy plesd gessisel L3I S5 JSE
OIS 5 Son ol o 3 555 els slals s 5
S g5dn s b edasili s
055 53 Sooly 0 S ol or 53 e (TH)
ey S 5 omeen 5 (W O 85 S o

o 5 (symptomatice sle o1 55 Sa) lacwdle

LA

(asymptomatice wl 3155 Sw) Cudle Ol
Moged AL (o e oliST ZdLos gl s
O (oS st 1) Cee TH gla 09,5 sl
2 Cie THlad gho sl US4 g o das o0
S s BB sk 4 cede 05k 03 S 5
03,5 525 3 SV s g b 4 Wl gos0s S

05,50 100 1 ulis L5 s Cade
(t-test) 0 sa3T o 05,8 4 omd F*%: P <0.001
Ssoade 035 5 4 st P <0.001

(t-test) O se 3T

&

Ex
ol 3 p s (oo o s LS aallle ) o
= 0 o s3Re 0553 G205 S el alanl O piS L
Oldalin Ad cwyp ol s Sse 53 b9 oS g s
%,uqrww&);jlﬂmws.u;@owu
cla_.ujag_;)l;@;uc;}w‘)_iﬁ@y@}l? (S e diwd
355 RS 5 o oS 355 s fge o pand (58
4S sls OLas Waesls &Sa‘hbd)e\iku“ WJ= ol
)q_:.é.é-L;)L:éJrJ)LGAS rﬂcwalijﬁdu‘}il‘,ﬁjb
ol nn Do @ p s o Azdls Lo gia G5 S e
345 Gl Iy ol s g d}’.:fo};):()-l'jj‘ﬁl{

e 5 dks ()b @M L oS 3L 3 (sla b ge

1401 3 9 BT 7 Crda g Sy 2)9s 7 OBws)S Sy eole alakils (ale alas



o 90)08 bangis B chudd (w20

WIS 5 me aST Cnl o 1S ol posdhe g io
L ol w55 3,18 oo 5T o ptd 3L s Oln ik
Sl LS el Wis e grio el 53 3L S
e oS ol o 1S ckly en 55 .(25) 353 p g
= ol ot gla JUST 5o b 51 68 8 035, 3l 5t
(26) 5454

S o bl ol 53 45T ol ol Le aslllan ge il
Ll o R e p gt e 6505 els sl 055
Tl a0y La 05 55 o & e ks ol 3 Js
e g 355 53 sl (sla 0303 155 8 5L b
SLS 5 5 K s ol e 218 s
OleST T
o|)uﬁ)>oT@ﬁcuwlam3,|;f5@|@:b
oAl 45T LT 51Q2T-29) b e G215 SsnS Y
K e 5l Sl 2 5 ool 51 (S 1S
Sl ol i oS0 ises 5 S5l 95 a0, 5
s age SR A (ol 53 il e s «3-1)
A5 35S o o 5T s Lo 5 sy L
Sl o 0303 OLiS 457 558 0

i SISl 6 e 53 855 el 93 a0, 5 o
¢«30-28) s, . (up-regulated) S5 5L 5 Ol e
ol 03 Sl Bl peleS oS ol 0k ke b B nl el L
23 55| ol 3 0y (5 Gy S s 5T
= Ol b Sldlas (Jl ol bl O miS L (g olew
O 5uiS b Solem Lo 20 b it s 131 5 457 s
o Mae o515 OT 51 5YL sy (A oo e el
s ppd 487 ol ol .(30 329) Cnl Wi O guiS L
L aS (6-10) wib o b 09y 5 S8 Clblous Sl 5
50) 555 o planil OT Gl Ao Sl 3 b Sl g
3Nl o paid 45 ol o ol 0L K5 O b 5111
ooy 3kl 4K ol 1 bad ks GSK s Hlge 32 b

OV (ST e /5) Lo andllan J 28 05 5 (sla ige 53 0T
o psY el (e 53 0 856075 dslae 2 5o
L0l DY gl Sleys psnd &7 el ST
522) 0)8en 5 558 Lo g ads a5 Sl gy Ll
o e B ol 0, € L 1200 - 600 4135, 23
Ll 2 5 0¥y (ST e 0785 5 0/65 41, p 5
s gme 2alS edian OLis OLKen 5 45 5 andllas puimeen
Soba - Sl 5S4 Dae Oy p s 53 052
S sphgn0nls Gasii (S oo b 0Ll 3 0 5ulS
O 5 el 53§05, 5 45380 560 o8 i ey
a\)uﬁd\ju,edj4>.u,_;¢)\§,:TaL,wWV5\,u
Lo anlllan 53 Hls e 03 8 15 (slabism 4 (S pmiSL
N W R PP N STHR R | I PR ERPLER I
ol 53 g 0315 s 115 3 5 ol e oS 20
AL o ey 0L 5 a6 sl esls L la a3l
A ol o 53 A (G355 S e Bl s
0 5 lacadle la g 53 p s prlam |5 ST oo
Ol 475 a8 il ;S5 ay eV a5y J 28
— I als by OHLSn 5 a5, anlllas 55 JpuiSL
S8 0Less i 53 o b elyss gl e ST 5 s
Jole ST i 15 La0T sl o3l Ll 5 o oS™ izils
O e Ll 5] 3 e Ol jn 505 0 ST b gk
)13 (Ko M 0255 oroen 5 oLl ir aihie 4 ppnd
Ol 5355 (on Sl L 53 aS st jlikde 4 g2
SO 1 lias sl 5 ol gLt s OT O3 2
oSl 3L 5 L8l A adlate Oles )3 3 g 50 O e
+ 1485 S5 S ¢ Tijuana s e pd O e cJlis Ol e
PSS 0 I 53 5 i 553 0,5 5,54 1009
5205 5,50290 4348 _ 2 5le s 55 56844821
33 50l Sl lare Ol ol Ko o b 51.24) ol s,

Lo J S sl 5 039 S ot 55 1B 5 b Lo (sl o3l

1401 53 9 BT 7 Crdo g Sy 8)9s / OBws)S b)) eole 28 (alc alas



21 (5sh Cwgy 3o eibls

S5 don

G5 b g3 e )55 5 0 oS dias o OLiS Lo (sl 0315
A2l p g (oo i 53 oS ol e WIS 0 ol
s (S 6855 el g5 Sls 0555 S5 e Dkii 4y ok
bl o Rl pad (o o e b it DS s
Tl o pid (G055 S e b 03 28 5 28 g L L
W55 oo i (o el Rl I ol 035 8 o b
55 3 B 1 el e S5 el 55 (sLaO gy 5 &
355 pRPiS Ay 5 0355 (o ey OpeiSOL L e
S S G le ol o Ka

S g g s

534S Soaly dd 5 gl L 5T Lol Sl akems ot
6oL 1 L b gos )18 0l 5 (uSTb g sl > >

Db g Sy 5 S5 Lsge

References

23 el ol 5 ol 0L L, LB 1) ST bl
ol lys (S 558 =6 Je 53 Sy 5 &S
Py DU S-SR S UL g8
jéjgﬁ}géuw&wté&”hul@z)
Loy ot gl 15 L 15 0003 (oo
ol 5 IS ol ) B S0 el 55 (sls 05 5
23 Yt b il (AT bl Dy 5 S
Sl 45 5 boben el s J5a w355 Gs5 &5 po
S5035 Ads & e s 5l e BB s (o0 e o
AN Sls e le sl esls Wl pm a AiBl ad G35
4 Cad O30Sl Soloy (Sl oMo 15 Bl oo L
J_gtsﬁ;uagwwdiijﬂg);du O35 0313 Caws |
P o i 1B R 65 5 A) s g 5
38 1 ol e 5 a5 (sLa 3555 5 e il
Sl o 5o ol )5 ST s Ry L e s

.xs&sou\)ao}m;:f)gwuﬁCliu;J;M

1.Tsang AHK, Chung KKK. Oxidative and nitrosative stress in Parkinson's disease. Biochim Biophys
Acta. 2009; 1792: 643-650. https://doi.org/10.1016/j.bbadis.2008.12.006

2.Dauer W, Przedborski S. Parkinson's disease: mechanisms and models. Neuron. 2003; 39(6):889-909.
https://doi.org/10.1016/S0896-6273(03)00568-3

3.Bose A, Beal MF. Mitochondrial dysfunction in Parkinson's disease. J Neurochem. 2016; 139: 216-231.
doi: 10.1111/jnc.13731.

4. Jankovic J. Parkinson's disease: clinical features and diagnosis. J Neurol Neurosurg Psychiatry. 2008;
79(4):368-76. http://dx.doi.org/10.1136/jnnp.2007.131045

5.Shulman JM, De Jager PL, Feany MB. Parkinson's disease: genetics and pathogenesis. Annu Rev
Pathol. 2011; 6:193-222.

6.Camins A, Verdaguer E, Junyent F, Yeste-Velasco M, Pelegri C, Vilaplana J, et al. Potential
Mechanisms Involved in the Prevention of Neurodegenerative Diseases by Lithium. CNS Neurosci Ther.
2009; 15: 333-344.

7.Kang K, Kim Y-J, Kim Y-H, Roh JN, Nam J-M, Kim P-Y, et al. Lithium pretreatment reduces brain
injury after intracerebral hemorrhage in rats. Neurol Res. 2012; 34:447-54.

8.Su Y, Ryder J, Li B, Wu X, Fox N, Solenberg P, et al. Lithium, a common drug for bipolar disorder
treatment, regulates amyloid-beta precursor protein processing. Biochemistry. 2004; 43:6899-908.
9.Lazzara CA, Kim YH. Potential application of lithium in Parkinson's and other neurodegenerative
diseases. Front Neurosci. 2015 Oct 27; 9:403. doi: 10.3389/fnins.2015.00403.

10.Wei H, Qin ZH, Senatorov VV, Wei W, Wang Y, Qian Y, et al. Lithium suppresses excitotoxicity-
induced striatal lesions in a rat model of Huntington’s disease. Neuroscience. 2001; 106:603—12.

1401 3 9 BT 7 Crda g Sy 2)9s 7 OBws)S b)) eole oGS (ke alas


https://doi.org/10.1016/j.bbadis.2008.12.006
http://www.ncbi.nlm.nih.gov/pubmed/12971891
https://doi.org/10.1016/S0896-6273(03)00568-3
https://www.ncbi.nlm.nih.gov/pubmed/18344392
http://dx.doi.org/10.1136/jnnp.2007.131045
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Camins%2C+Antoni
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Verdaguer%2C+Ester
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Junyent%2C+Felix
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Yeste-Velasco%2C+Marc
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Pelegr%C3%AD%2C+Carme
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Vilaplana%2C+Jordi
https://www.tandfonline.com/author/Kim%2C+Y-J
https://www.tandfonline.com/author/Kim%2C+Y-H
https://www.tandfonline.com/author/Roh%2C+J+N
https://www.tandfonline.com/author/Nam%2C+J-M
https://www.tandfonline.com/author/Kim%2C+P-Y
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=John++Ryder
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Baolin++Li
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Xin++Wu
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Niles++Fox
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Pat++Solenberg
https://pubmed.ncbi.nlm.nih.gov/?term=Qin+ZH&cauthor_id=11591460
https://pubmed.ncbi.nlm.nih.gov/?term=Senatorov+VV&cauthor_id=11591460
https://pubmed.ncbi.nlm.nih.gov/?term=Wei+W&cauthor_id=11591460
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Y&cauthor_id=11591460
https://pubmed.ncbi.nlm.nih.gov/?term=Qian+Y&cauthor_id=11591460

o 90)03 bangis G chudd (w22

11.Li XZ, Li XZ, Chen XP, Zhao K, Bai LM, Zhang H, et al. Therapeutic effects of valproate combined
with lithium carbonate on MPTP-induced Parkinsonism in mice: possible mediation through enhanced
autophagy. Int J Neurosci. 2013; 123:73-9.

12.Youdim MB, Arraf Z. Prevention of MPTP (N-methyl-4-phenyl-1,2,3,6-tetrahydropyridine)
dopaminergic neurotoxicity in mice by chronic lithium: involvements of Bcl-2 and Bax.
Neuropharmacology. 2004; 46:1130-40.

13.King TD, Bijur GN, Jope RS. Caspase-3 activation induced by inhibition of mitochondrial complex I is
facilitated by glycogen synthase kinase-3beta and attenuated by lithium. Brain Res. 2001; 919:106-14.
14.Dalen P, Steg G. Lithium and levodopa in Parkinsonism. Lancet. 1973 1(7809):936-7.

15. Hernandez-Baltazar DH, Zavala-Flores LM, Villanueva-Olivo A. The 6-hydroxydopamine model and
parkinsonian pathophysiology: Novel findings in an older model. Neurologia. 2017; 32(8). 533-539.
16.Sarukhani MR, Haghdoost-Yazdi H, Khandan-Chelarci G. Changes in the Serum Urate Level Can
Predict the Development of Parkinsonism in the 6- Hydroxydopamine Animal Model. Neurochem Res.
2018; 43(5):1086-1095.

17.Paxinos G and Watson C. The rat brain in stereotaxic coordinates. 6th ed, San Diego, Academic Press,
2007. 70-80

18.Sarukhani M, Haghdoost-Yazdi H, Sarbazi Golezari A, Babayan-Tazehkand A, Dargahi T, Rastgoo N.
Evaluation of the antiparkinsonism and neuroprotective effects of hydrogen sulfide in acute 6-
hydroxydopamine-induced animal model of Parkinson's disease: behavioral, histological and biochemical
studies. Neurol Res. 2018; 1-9.

19.Prasad EM, Hung SY. Behavioral Tests in Neurotoxin-Induced Animal Models of Parkinson's disease.
Antioxidants. 2020; 9(10):1007. doi: 10.3390/antiox9101007.

20.Minaei A, Haghdoost-Yazdi H. Dexmedetomidine attenuates the induction and reverses the progress of
6-hydroxydopamine- induced Parkinsonism; involvement of KATP channels, alpha 2 adrenoceptors and
anti-inflammatory mechanisms. Toxicol Appl Pharmacol. 2019; 382:114743.

21.Forte G, Alimonti A, Pino A, Stanzione P, Brescianini S, Brusa I, et al. Metals and oxidative stress in
patients with Parkinson’s disease. Ann Ist Super Sanita. 2005; 41(2):189-195.

22.Cooper TB, Bergner PE, Simpson GM. The 24-hour serum lithium level as a prognosticator of dosage
requirements. Am J Psychiatry. 1973; 130(5):601-3.

23.Cooper TB, Simpson GM. The 24-hour lithium level as a prognosticator of dosage requirements: a 2-
year follow-up study. Am J Psychiatry. 1976; 133(4):440-3.

24.Schrauzer GN. Lithium: occurrence, dietary intakes, nutritional essentiality. J Am Coll Nutr. [Review].
2002; 21(1):14-21.

25.Schrauzer GN, Shrestha KP, Flores-Arce MF. Lithium in scalp hair of adults, students, and violent
criminals. Effects of supplementation and evidence for interactions of lithium with vitamin B12 and with
other trace elements. Biol Trace Elem Res. 1992; 34(2):161-76.

26.Schopfer J, Schrauzer GN. Lithium and other elements in scalp hair of residents of Tokyo Prefecture as
investigational predictors of suicide risk. Biol Trace Elem Res. 2011; 144(1-3):418-25

27.Li J, Zhao L, Wang Z, Zhao X, Wu J. Association of Serum Indirect Bilirubin Concentrations With
Motor Subtypes of Parkinson’s Disease. Neurodegener Dis. 2019; 19:155-161

28.Moccia M, Picillo M, Erro R, et al. Increased bilirubin levels in de novo Parkinson’s disease. Eur J
Neurol. 2015; 22(6): 954-959. doi:10.1111/ene.12688.

29.Macias-Garcia D, Mendez-Del Barrio C, Jesus S, Labrador MA, Adarmes-Gomez A, Vargas-
Gonzalez L, Carrillo F, et al. Increased bilirubin levels in Parkinson’s disease. Parkinsonism Relat Disord.
2019; 63: 213-216.

30.Songsomboon C, Tanprawate S, Soontornpun A, Wantaneeyawong W, Louthrenoo W. Serum Uric
Acid, Serum Uric Acid to Serum Creatinine Ratio and Serum Bilirubin in Patients With Parkinson’s
Disease: A Case-Control Study. J Clin Med Res. 2020; 12: 172-179

1401 53 9 BT 7 Crdo g Sy 8)9s / OBws)S b)) eole 28 (alc alas


https://pubmed.ncbi.nlm.nih.gov/?term=Li+XZ&cauthor_id=22978383
https://pubmed.ncbi.nlm.nih.gov/?term=Chen+XP&cauthor_id=22978383
https://pubmed.ncbi.nlm.nih.gov/?term=Zhao+K&cauthor_id=22978383
https://pubmed.ncbi.nlm.nih.gov/?term=Bai+LM&cauthor_id=22978383
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+H&cauthor_id=22978383
https://www.researchgate.net/profile/Daniel_Hernandez_Baltazar?_sg%5B0%5D=n26z87-93tGjttRok9hEQZMCNa9Qyl6rRT1kHRRRUMSIWGCu0hiVhC6P54UxU9240OAiQs0.Tc5xqJIwlCNTINbw7XA2_ZOXOQAofAo96joiNb95ng47XzA-lcrjkkp-01OL_l8lCzYmjfSF9qIeDQPUQpJ_fg&_sg%5B1%5D=3k4RG8AA024krvlp1Mq3Qy64uPo-nDBHlo2t01qb-EWPi-qNG2vnbQEDL7DuK1qz36eMmhQ.wNL8uqmO3hEfg-_AvYy0OlJjQITJFqy45TrRsizl0KlXAbx_NW4VS75GvAS9J3Zn_mFjlUpoZGsh8icNa3Fjlw
https://www.researchgate.net/scientific-contributions/71482641-Laura-Zavala-Flores?_sg%5B0%5D=n26z87-93tGjttRok9hEQZMCNa9Qyl6rRT1kHRRRUMSIWGCu0hiVhC6P54UxU9240OAiQs0.Tc5xqJIwlCNTINbw7XA2_ZOXOQAofAo96joiNb95ng47XzA-lcrjkkp-01OL_l8lCzYmjfSF9qIeDQPUQpJ_fg&_sg%5B1%5D=3k4RG8AA024krvlp1Mq3Qy64uPo-nDBHlo2t01qb-EWPi-qNG2vnbQEDL7DuK1qz36eMmhQ.wNL8uqmO3hEfg-_AvYy0OlJjQITJFqy45TrRsizl0KlXAbx_NW4VS75GvAS9J3Zn_mFjlUpoZGsh8icNa3Fjlw
https://www.researchgate.net/scientific-contributions/28439145-Arnulfo-Villanueva-Olivo?_sg%5B0%5D=n26z87-93tGjttRok9hEQZMCNa9Qyl6rRT1kHRRRUMSIWGCu0hiVhC6P54UxU9240OAiQs0.Tc5xqJIwlCNTINbw7XA2_ZOXOQAofAo96joiNb95ng47XzA-lcrjkkp-01OL_l8lCzYmjfSF9qIeDQPUQpJ_fg&_sg%5B1%5D=3k4RG8AA024krvlp1Mq3Qy64uPo-nDBHlo2t01qb-EWPi-qNG2vnbQEDL7DuK1qz36eMmhQ.wNL8uqmO3hEfg-_AvYy0OlJjQITJFqy45TrRsizl0KlXAbx_NW4VS75GvAS9J3Zn_mFjlUpoZGsh8icNa3Fjlw
https://www.ncbi.nlm.nih.gov/pubmed/29616443
https://www.ncbi.nlm.nih.gov/pubmed/29616443

23 (5sh Cwgy 3o eibls

31.Kim AJ, Shi Y, Austin RC, Werstuck GH. (2005).Valproate protects cells from ER stress-induced lipid
accumulation and apoptosis by inhibiting glycogen synthase kinase-3. J Cell Sci. 2005; 118: 89-
99.d0i:10.1242/jcs.01562

32. Minaei A, Sarookhani MR, Haghdoost-Yazdi H, Rajaei F. Hydrogen sulfide attenuates induction and
prevents progress of the 6-hydroxydopamine-induced Parkinsonism in rat through activation of ATP-
sensitive potassium channels and suppression of ER stress. Toxicol Appl Pharmacol. 2021 423.115558

1401 3 9 BT 7 Crda g Sy 2)9s 7 OBws)S b)) eole oGS (ke alas



	Mohammad Hossein Esmaeli1, Hashem Haghdoost-Yazdi2, Milad Mazaheri3
	ABSTRACT
	6.Camins A,  Verdaguer E, Junyent F,  Yeste‐Velasco M, Pelegrí C, Vilaplana J, et al. Potential Mechanisms Involved in the Prevention of Neurodegenerative Diseases by Lithium. CNS Neurosci Ther. 2009; 15: 333–344.
	19.Prasad EM, Hung SY. Behavioral Tests in Neurotoxin-Induced Animal Models of Parkinson's disease. Antioxidants. 2020; 9(10):1007. doi: 10.3390/antiox9101007.

