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.(Sternleib , 1980) Le aa Y 4liiul iy b cons V) dgad) UIKH Dol Bale xS

AL edl g b a 3V W A gl il leall e 2 el 2L tas
ety g plshall o uladl) o Jsmandl iy LS 5 8 Gl day
¢y w gl el (Stren , 2007) —atall 13 gl o GV Jll 2 <)
sl ay bydlearldaayoa Kl S0 s W gsae e uladll slay
il Y ¢ Al 05 S5 o Jiny ulail) (el aieY 5, a1 4§kl
st 3V ey, (Brewer , 2009) gleadl 821 el a 3,93 o o Sa
Ofis ol adali ) ol 3 a Qa3 Y ol o dady o el o
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(Lee etal., 2012) cluzasll s LAY dniel 8 3008 dliaeS Uyl Jary J sty sS sl

Ba WSV oL Aailil) 3 el 53all Aldiadl) dlld) Gl 2l Ubiquinone s
g ) a5 2 ansll slgaY) 5 Al Loa S gl clie 8 4y ) sidl
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.(Sanoobar et al., 2013)
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2 58l lasall Jals #10 S el Blaall  uaell @bl (5 s

3y g e o) i alae] vic Q-10 a3V B3 el slacl il e guaal -2
U S al Bl s caed) @bl Gl iy S dlaleal

Bo—sads )il Gale SN By ped bl 8 AL A Loled)) 80 Al 0 -3
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(Saravu et al., 2003)
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Review of Literatures -galll gal jaiuf AN Juadll

Leaie L oabsall 58 55 oabsall (i paill 320 5 yanll g panall s dpasnl) elslu
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o sl o Lol A 4y lasy) 8 A glaid) Gulaill S Mea) e £10-5

sVl Tyl Gulaill Gannia 3o lS) e 438891 3 ol aa gy Cua 28D 35k

aalaial Qi Cus a8l 8 paied) Gulail) (e 790-60 au iy ¢ Glela e
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Ladca Gy Suall (e delio Cisan I Caal s Ay saall Cilaliad) (e naal) Jexin
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iy Sl paull vy Adall Al glas of ) sogles Las) A0al dals
catalase ¢ superoxide dismutase (SOD) & dlicidl ZaSl sauSY) il 3
e Lad okl 8 Jad ) ulaally aendll a3, glutathione (GSH) 5 (CAT)
Jsshll sl b el S 410 DNA (3 dIa 8 ulailly aendil jallas 5haal
.(Hashem et al., 2021)
Ll Gl 1 aandl) (e 4B 5.2
.(Mattie , 2001) ¥ Jic d50¥) Ga =y ellac) o
Ll aalase bogea (B o) 52,8 B ygeay a8 Addy SIS Jay teligngll slac)
e il Lllaxiul aie eladY) | slig Sua (e Cpund Mo yilall saida <) il
Bxdlil) L Sl a5 S ¢35 dads e ety 5ot sy ) s dlely
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magl C¥ae 3L Giob oo (S Qi Clare 3L el dpigkgl
Slo A el Gilys ySuall Al Taa Lals 1550 (el LS celaal) 3 Galiaial¥)
ST a2 Ll 5 g pmall Gal 5l 56 A8 (00 iy Lo s laal) 0 inns
O Al Ledadinl (Sadll (ed il claal) (3 agend) Gabaicd (e 4 gl
palea¥) s lialil) (s 58 Ll g gl ¢ spdall (8 Gulaall iy € sl
&) s A SaOU aaa i S acag eoaclus Al kel s Ay
(Bietal., 2021) ¢ olall Jaws ol 8 oy 30 3 jlall Uy 5l halds Juls
il gl (b uladlly aandl) 6,2
Gladle Ly pm @l gial)l jedaig sala (5 50 Pl A3y Gulailly aasl
s (68 a8 5 Aphlad) LaeY) Qsadiy padtil) Baas O s gl (akhy Cinial
Adall g i il Jadil 3ol Abadd) Ul gall G Al Gl 5 A 5IS sann Ay
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(Hashem et al., sslsill cal i g sl olSH g (i o gllinall Jia ulaill ddayl )
Gl Jsaa prav s dday) ) syl s3a o aday Guladl) (e ildl L2021)
Aol )il Guladl) S of oS @lld e Slad L3 pdlie dalal JAls N 5 all sl
g dy Ge¥) A el sansl b oy Las ¢ JaSgsmed) Hoda g CpanS Y O
e el Jisy Laie (Zhu et al. , 2012)4; slall ciligi g5l aeuii s 49 53l (alaa)
Al il all g Gl asill o815 e W il Gy - KU 3280 g ) oS 2
(Gupta, 2019 ) sV x5S sanell 35l
adl) CligSa o (uladl) ey p aandll 150 7,2

adl @l S axe b1 Laliadl Gl ol gaal 8 aall asd il @ yelil
.(Hashem et al. , 2021) ,shll dulaill by 5S elhac) e paal

oo aaall s hafieS Gulaill Jasmy G 2303 Culadl) G aall 88 ()6 8
(Chan and Rennert , 1980) wasll (s (e aalill aall @ Y ga5

Slo gsind) paladl Jelss ) gl saedl 585 B (aliai) aa i of oS
SIFe+3 dissi Gob oo med B85 3 ol oWy ¢ Sl g S gidl o34
ool e (e Andsai Adle 58 Ay sadll Ao Y1 Jals a2l il o Cuaa Fe + 2
sl ekl (Baruah et al. |, 2018) (uslS saxdl 5 sise paliasl N o) e
Azl aae g Glglaalll 5 Gl Gl SN A8 CUSO4 acuddl Hsaball e cilid yall
Al Aaledl Alal) Y ol eda cyde M Gand) il KU Al ¢l cly S
O Al pall elli b Kh g aall &Sl dpedal) LAY e CUSOse dabudl de ) e
alasiul sale) 8 Jaxyy oy il Sl oLaally s yell 28030 ulasl) oy a8
¢ aall udln Lafie Guladll Jeo 1388 5 dpladl K08 WA 3 o 5l e aaal)

(Chan and Rennert , 1980) (ai e aalill aall 588 1) g9l Lee
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Gl Sl did Bal 3l dagi s pand) aall @l S AR Cual oAl dul ol
.(Mazon etal. , 2002) _ulaill (e 5 ) puiall dasdl) A ansall dlaad ()
pdll (A Saud) (s giesa (A uladll il 58 aandll 50 8.2

Sl s (O SIS A B 35 Sk ) adl Sl e
Lati Con oy (5305 2SI ol ga¥) Sisn s oy o)) I Al e
il A ail siga iy pelaill iy 1S daana) Hghall 4y A Sl 8 5
(Hashem et al. , 2021) alal J5ls
Adsl) il g B (uladll Gl S aandl) 156 9,2

0 il S (s gias Gl ol (e (830 I el ol jlaal ids
(sl dpan) ol Conn ) Gleli V) oda i . uladl) by 5 el ) sylal
@S aall 3axig ¢ ol paliaie) sale) A 3l sl (e dae Chaad Gl Aags
Gy Olaiidl oda 8 kit ¥ S b s lee ZLELY) Jaeey oSl
il Sl el s sl ymes (Hassan et al. , 2010) U cailla g Conia
& sl ymes Sligine Laii 5 .(Hosseintabar et al. , 2015) cpa s fll (s 5l
gl o ¢ el Clliiee SE0 a8 Jadly Gulasll Aol @ HalL L
Lee ¢ (laill dpan Cany pall 3 Gaall 3uSl (e 02SB oy 38 @l gl mes 35
&) ol A s @l (Torki et al. , 2015) S )8 diday 4 U k) cay
oo Ale Gl siae Sl ) a0l plaal) deas b Lsale IS5 Gl gl (s g li )
Lapdll il DA e aSE & gl w3 .(Jegede et al. , 2011) ulail
S e Ul il 8 Al Gead 5 1l < pedal g ¢ KU 8 da )
Lsed Wadly Glhaill auly iy ¢ @las) 4 gliadl LA Jluay LOAD i
Ala) G peladll @by 58 culae) Al galall IS 6 3y Al 5 dpusall @yl cadds
ke gl Ganas all (& il S Gl sie padd uladl) e B 5 C il
Bac i L3S Baliaal) Cilisalindl) sda L i 138 (5585 8 ¢ ulailll de gana ae
1 2t 5 . (McDowell , 2008) b S Jaxs E 5 C calinaligl of cligias
A lS il e Ol Alvine <l it zlaal) 8 S G jedal a8 a pe s S
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to C 0aalid aa CUSOy & dpmphall Gl 45 ) gem IAD) copail) ol 5 65 510
.(Hashem et al. , 2021) E (j.lié dc sana
A caitlg A aladl) il 8 aandl) A 10.2

5 Sl sinally ) ll s zlaally lsa I Aal alaill e Adlall 380 30
U gaal) el ol AL A Al dten Calian A aslld Ll palaal S8 g
oo b Gal aleDU okl Al jedax (ulaill (e jal) elae DU Uolad daslia ol jadl)
Sl &l gal) Aaan 5 Ledie lal) e LIS 3 Sl Gulaill el g Uac Yl
ol I Al e pulal) () ) Al gas.(Jaffal , 2015) pulad) #Slabdloledl)
Gl sl s il 8 o adl) Geladll aens (g slSU ) galll g adll Blad) 3 Las
Caleal 10 ae aliiai oy (OIS 88 2] 8 Gl oS0 5 3 el o) G Ciliag
A Gaxi Vs anhl Ga S 100-50 (5585 3 AN aall (canyy S8 8 38 5
Jaad 20l Glapuall ddasd g3 Jal A0 O 5o el soall 038 2 8 Al 4la)
Ay a8 L) cllgall Gand 5la e eladll e ALY 3 50 o3 (e
Slo sl o gl B s Al o Adda s il il pady Guladl) aeuid Gl gal)
Sy b Sl Aal 3l A e Lo clie e oSay L(Gaetke , 2003) sball a8
elaall 3508 o Glld figy 384 mde e g Al adlge (8 5l GliSa Jiyy and
B meall Gl gl s Gl jall lay ala p & e
agandl Ao 9392811172

ALED Galsall (e gaad) A )y pladll (31 8l (8 g 150 28D (503
A b e sl i e sae b Gl oS) 55 . (Das and Gupta |, 2013)
e AS b Ge g a5 el ¢ s SNl 5 ()50 SISD Balas 30l 5 Jae
.(Lopez-Alonso et al. , 2005) cabeall (pe 4 slall & gaudl ) )
emard) Jlgad) (B Culadl) i p$ aandl) 50 12.2

apaadl A ileddly @l sl acbue JolaS Jamy 55 aic s (CU) Ll
ol &8 5 a5 O oS v Kl rand) Sleall Gy 8 Ley A 3l G ludd) (e
8 Ay dpnaall LAY S5 ) (555 Apnanll LAY Al puad ) 4als
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I Wladl) an i ) A sl (e Alle il gine Joli a5 o (S gl aillag
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el (Rotarod sl 8 <l gall (S el oloY) Caniay ol sl o3a cudasi )
@i (Nl & Sl el Cania 4 s aladl) dpes o ) AGL i)
(Erfanizadeh et al., 2021) zuadl) 4 e 5 jlall o 581 Y s 5m o oS
t Sl AlgaY) g (uladlly aaudll 13.2

oa—aally ol igg s eax WA 85l 50 w195 all Hod all o o
Gaetke and (sl ail ey 30 A glall dpe W S3e 0 al 555l
— 3l Gl el gl W aa il &) 5 335 .(Chow, 2003)
6253 O (—Says(ROS) Aol (pa oSN s S A8 il 3 daaS Jaxs
Qe e )38 5 30 Y1 el 3 Gl 150 Gulaill il g

o ("Cu) Lt ) (PCu) —ulsill b5 V) J) 3580 Sy ¢ Jal

FUBME 7 NI | SR °X 5 [R U SYpURN | P (07) JRVMENNT. 3| [ PR FPENP
(H202) o s vl S5 5 (e Aa5lill (OH) Ao liil) Ji S 5 el
U S SRV XUV WA PLUIEN [PPSR ) V. PPN [ PRSP

RO E [ VIR WD PR R PSS SR X O P PPN [ APt

.(Halliwel and Chirico , 1993)asu)
¢Sl Agad) 14.2
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PPN S N PN PN [ D, PP P L LN [PRRVIPER RSOV RS YN T
S5 paids g g2 WSUI AL el AT 80 gl il 3 S 5 a &
PREGEI A g 3o SO Balcaall il A;)'.f‘i\ = JA EGgan e Slad ) 600 6K

OsBl gl Jfe g Sl sl _gaY) Giga A gad s 31

WS sl g Catalase YLKl Peroxidase Glutathione jar S
Superoxide Dismutase 3 sreuua
.(Patockovaet al. , 2003 ; Dalle-Donne et al., 2006)

Gllaall G o) sl aae Al o ga uSEI Al galY) G yny Gl
Jeldl G uSg¥ (o g tial LS ezl () (a5 Ay 4 gas gaS
O paldt Ve dlgs wall cilleall u s Reactive Oxygen Species (ROS)
Antioxidant 32w ol e Al ule Lgile 3lhay 05 Jeldll aanS ) 13a
.(Achubaet al., 2005 ; Sayre et al., 2008) Cascade
ISl el Slgall gl sl Eigan (B ganslill dga) 50 15.2

Laje S A4 anall 3ieal L e Gl g S5al eanll Sleall )
Slo Al gials oaS IS5 CpaaS Y (U b il dials Cu by st alegad
o 0 e Adle LS e allgal ) el 508V Glabiae e Qi 3S
ST sed clifig ol g (ygaally <l yaum g JSU i Sl A glal) 45U ja 0 5S1y Aanial
30y lileal da e

.(Patockova et al., 2003 ; Achuba et al., 2005 ; Sayre et al.,2008)

ey Alat W) Gigan (B (anshl aleadd o U e J8Y Sl
J—ie 4y asx)l LAY Degeneration (uSiy aui ) (ol 3a¥) Gigan g dguasll
.(Sayre et al., 2008)Multiple Sclerosis saxiall sl Glacll calias

i) ags ) lae¥) b an (al ol 8 5aS ) 0 gauslll algad]
— oS s—al By aa W 85 SV Gl ae 381 5 S lall Lo Jasy g
Lol 55 sy cplil ol (D¢ o has 5 Cerebro-Spinal Fluid .l
Gl IS o aall JBUI 8Bl g5 all Hedall 3ab ) e Sliad dnaal)
.(Sayre et al. , 2008) ]l 124 ¢aa ¢ WiIGlutamate
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Sl AlgaY) Eigan o A 4 g gansl) ciladlall 16.2
leatl (pas 4y san sl ol LAY aladialy Lale OV S auslil) slgay) Al
S 32uSY) Claliae Ala Wl g Slad el g algalaigllad) 38 5 uld
= s (Dalle-Donne et al. , 2006)Total Antioxidants Status (TAS)

tganSlll algay) Gisaa e Al dagall clodlal)
GSH sfilislel) 58 5 (uld -]

Abhy Alege "o @amy (A G aua B daud g3y gay e S je ga
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Aot e Ay Judle EDB e aflsIKN 0sSh Cua AJAN Jal dpa) Gl
.(Pastore et al. , 2003) <u <l de gana

Lo 8 0l 58 55 Gy ol slgay) Ala e JY ) 2y
S Vo5 Y S dlea) Alla 3o 38 5 aidsy I sl (SN Aal
> G an LA Ja0s 500U Baliaall 4y glall 4 gal) cilelaall 8 Jla
(Pastore et al., 2003 ; Patockova et al. , 2003 ; Dalle-Donne et al., 2006) .

Aeay! e WIAD A5 e Jany 3 520U sabiaall LS all (e 0565180 )
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-(Hussain et al., 1995) (sa.stl)
MDA gzl gllall 5.8 5 (b -

oo RISl daga 3ok aay L)) po L Bb (8 dlgalllni gl 38 5 el )
s ¢ (Sim et al., 2003) sl alea) Ala (o da3ll saall 3a0uS s 5 dilee
G eanSl slgay) Al Gigaa o A LS aadiig ) LoDl 80 S 5 uld
-(Nielson etal., 1997) oLy

1y o Jlepaldaisllall o S pe 3 S f i —we B El &)l Dy
Loa 4y def o dans 0 a5 a0 oSl ol ga¥) A0l Sisan dais
E e S T IS Sy T Sy S\ Qg g WPIEN FNVEN

a—uall L_Ma 4y Gef a1 Lipid Peroxidation o adll 32K gy
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>—S i a—4& » 3 (Patockova et al., 2003 ; Achuba et al., 2005)

Al eyl 4 s le 4 1la & Sle s aga el gl
(Achuba et al., 2005; Dalle-Donne et al., 2006). s>l
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g S
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.(Sayre et al., 2008) §Leall & calliy 51 5 il 5ol 3l
& P Les Appanll LAY 8 2085 Gl pdd Sigan ) (25 g2uSB deaY) o WS
Dl a3l (86 bl A 138 Gy danl) JBg JE e Ll
.(Sayre et al., 2008) U srassd 20
:Q-10 3 (38,4l 18.2
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(Clisigodl s osaall s il yam g KU) 3R) Jaal cilaiie Jead 3 sauS 3all 5 il
CoQ10 (e Llas Jpaall il e85 « ATP.1 Ubiquinol (CoQH2) (i d3Ua )
SO DA e gl G Ledll B g 68 3ol alaeS Jaall e 3y 58 5 08 4ga)
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&SmOl S el Jag el auSED aleaY) ) ROS zlf il culs )
AV A Jaal el el
uailaill 19,2
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G oekn S5 el ae ¢ &l GleSy da) pen 8 COQL0 2y
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gl e bl oKy ¢ A 4 Tua CoQL0 ki) Al L5 Al
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Aolde ,t G Ay md b A a gl b el i 2xC0Q10
(Cotanetal., 2011)CoQ10 s suall Balasll 3 jilae (i

Ol Sl oy w3« COQL0 D—oSa J &
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(Abiri and Vafa, 2021 ) 4, sl &lal¥) cauae kappa beta

b ¢l YT o2 s LA (e Akl il e el e CoQ10 Jlsy
el e JwlaS a2l Pl 5 a) sl paeall #3lal S (8 A L) e
EVRIS L R EOVLN P S P g EIOPEN PV P Py (S TRV P [ SNES i VO
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sS4l e S JS G Al A e B an D LDy s Al A5l
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Gliall o waall e spaill e Sl b il B e Al jpudi (Sapy ¢ LA
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G5B S plaieS aga 1350 535 COQL0 (ff im Lee ¢ @il ¢ il & aSaill
(Guescini et al. , 2017)

il dafis Argial (& G (e 78l COQLO0 (ati (f lud 5ol any Ciaa g
G331 (555 i el e dale sa 5 ¢ (BB (et s ¢ JBa Jia o) d50a)
da i) clalaa) § ¢ CoQL0 Gas 4 caiSe ol A5 i §f ¢ 5 5ad CoQL0
Gyl y oy 2 8L as ¢ Cpra el d Jol die ol e i e da Leha g 35 50
-(Abiri and Vava , 2021) auall & 4o yl)
LS¢ plsa 8¢ CoQL0 3ol (il ¥l aBsall 5 an S (Y
21 CoQ10 zl 3 L ialiadl e sy ) Gl ol o a) (e ey
@5 J e Ll Wl ag al ARl il a e tia B8y 0 Sl g
<l il ) sa5— Las « COQL0 cilysiwwe (aaldas) W o & da sl (il

.(Abdeen et al. , 2020) SV 5 28 o da) 4 e
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Abstract

Abstract

The aim of this study is to investigate the acute neurotoxic effects
of copper sulphate and the effect of coenzyme Q-10 administration at
different times on the copper sulphate toxicity on the neurological
behavior and motor activity of chicks, as well as their relationship to the
activity of cholinesterase and caspase-3, the level of oxidative stress, and
the histopathological changes in the brain tissue of chicks .144 chicks

were used in this study.

When copper sulphate was given orally to chicks, the LDsowas 772
mg/kg. the response to different doses of copper sulphate was
determined through neurobehavioral tests, which represented a delay in
the start of movement and a significant decrease in the number of
squares cut, and this decrease was directly proportional to the increase in
the administered dose compared to the control. As for the posture
correction test, the administered dose recorded a significant increase of
5%, 10%, and 15% in posture correction time compared to the control

and the other groups.

As for the tensile immobility test, the groups treated with doses of
5%, 10%, and 15% of the median lethal dose recorded a significant and
clear increase in the dormancy period of chicks compared to the control
group.The neurobehavioral changes when giving both copper sulphate
and Q-10 together in the chicks recorded a significant increase in the
start time of movement, the number of squares cut by the chicks in the
same group recorded a significant decrease compared to the control
group, while in the tensile immobility test, the group treated with copper
sulfate recorded a significant increase in dormancy period of chicks in
this test.



Abstract 5

When compared to the control group and copper sulphate group,
Chicks treated with copper sulphate recorded a significant decrease in
theperiod of onset of sleep with a decrease in the period of anaesthesia in
this group, while the rest of the groups recorded a significant increase in
period of onset of sleep in groups treated with coenzyme Q-10 alone or
with copper sulphate compared to the control group. As for the length of
sleep duration, the groups treated with the coenzyme Q-10 alone or with
copper sulphate recorded a significant decrease in sleep duration of the

chicks compared to the control group and copper sulphate group.

In comparison to the control group, the coenzyme Q-10 group had
a significantly lower onset of sleep and a shorter sleep duration. In
comparison between the control group and the other groups, The level of
total antioxidant capacity in liver tissue and brain tissue in groups treated
with copper sulphate at all doses showed a significant decrease
compared to the control group. In comparison to the control group,
copper sulphate concentrations of 2.5 percent, 5%, 10%, and 15% of the
median lethal dose resulted in a significant drop in glutathione and a

significant increase in malondialdehyde.

At varying concentrations of the lethal dose, the level of inhibition
of cholinesterase activity demonstrated a significant drop in
cholinesterase activity compared to the control group, with an increase in
caspase-3 activity in the liver and brain tissue compared to the control
group. When coenzyme Q-10 was given with copper sulphate at
different times, the pharmacological challenge revealed substantial
changes in sleep onset and sleep duration length in chicks. Higher
Caspase-3 activity in brain tissue was connected to increased oxidative
stress in total, glutathione, and malondialdehyde in serum and brain

tissue, while groups that received given coenzyme Q-10 with copper



Abstract c

sulphate concurrently or before oxidative stress had less oxidative stress

and histological alterations, less pathology in brain tissue.

The severity of degenerative alterations in chick brain tissue was
related to the increase in copper sulphate concentration administered to
chicks, according to the results of histological investigation. The cerebral
cortex of the chicks treated with copper sulphate and later coenzyme
Q10 revealed a rise and accumulation of glial cells, diffuse angioedema,
edoema surrounding the axons, and vacuolization of glial cells,
according to the results of the histological investigation. Glial cells,
neurons, and blood vessels The cerebral cortex of the group given
coenzyme Q10 and then copper sulphate had normal histological

structure of neurons with angioedema surrounding the axons.

We concluded from this research that high concentrations of
copper sulphate in the brain cause oxidative stress and histopathological
alterations in the chicks in the open field, affecting their neurological
behavior and motor activities. In addition, taking CoQ-10 at the same
time as or before taking copper sulphate decreases copper sulphate
toxicity. This has been demonstrated using oxidative stress markers,
biochemical markers, histopathological alterations, and programmed

death of brain cells.
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