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Effects of Astaxanthin on Learning and Memory Disorders and
Oxidative Damage Induced by Ethanol in the Hippocampal Area in
Mice
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Malekzadeh Estalkhi!
Corresponding author: a.hajizadeh@umz.ac.ir

Abstract. Long-term ethanol consumption causes oxidative stress, leading to neuron destruction in the central nervous
system and hippocampus. Astaxanthin (ATX), an antioxidant and anti-inflammatory carotenoid, was studied for its
effects on ethanol-induced learning and memory impairments and oxidative damage in the hippocampus of mice.
Thirty-five mice were divided into five groups (n=7): a control group with no treatment, an Astaxanthin group receiving
20 mg/kg ATX, an ethanol group receiving 20% ethanol, and two ATX treatment groups receiving 10 and 20 mg/kg
ATX after 20% ethanol. Treatments were administered orally for 14 days. The study analyzed the novel object
recognition test (NORT), malondialdehyde (MDA) and dopamine (DA) levels, and activities of catalase (CAT) and
superoxide dismutase (SOD) in the hippocampus. Ethanol consumption reduced the NORT discrimination index and
CAT and SOD activities, while increasing DA and MDA levels compared to the control group. ATX treatment
improved the NORT discrimination index and CAT and SOD activities, and decreased DA and MDA levels compared
to the ethanol group. The results indicate that astaxanthin's antioxidant properties can mitigate ethanol-induced
cognitive deficits and oxidative damage, suggesting its potential as a food and drug supplement to alleviate ethanol-
induced disorders.

Key words. Astaxanthin, Ethanol, Hippocampus, Cognitive impairment
Received 04.02.20247 Revised 23.05.20247 Accepted 09.06.2024/ Published 23.05.2024 VEXIVYIY Lt V¥ ¥ oy [VE- YT ¥ 3ol V- YN0 2l o

19114


http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Hajizadeh et al. effect of astaxanthin of ethanol model of mice

U ot sad aslis ceas 6l s S5 llisls
(Banerjee, 2014) wisi oo wgmmo JSI By an
3 4 Cwl ppo (smas oao Jlail S el g
Sl Aol )0 g 3l G jre )0 ol peilSe
2 2953 4 omebigd 9,135 e 3B 5SS & (s
ol Js JeUl 5l oib coles § 55> a3l
Iy JSI G pan s cren 40 (Abrahao et al., 2017)
el s TS S s slajss Gy b Ol
SIS man (ol pogdle 5,5 Sgdne i jobo 4
Tob ORli8l L aS 055 o0 elyss odgs @y o
Az 50 0gd oo et 9,55 (Sg e le 5o (religd
Ylotol (ealysd 008y Sl b g Geolygd G2l
Sy se JPlsl 5l b slo)lid; o oiy e <l

(Banerjee, 2014)

ol L ablie Ul b LS 5 daglaneST T
Ol it o8l cdl ol @l gl g gl
cdadlbre o5l slaJIS00l; ool 2l 5o o 5l Sl 5
(ATX) cplSlesl (Pisoschi et al., 2021) oS’ o
95 S lajlogion 5l ead Sas Slded on 5 S
S L8 b 98555,5 (ST S,
5 Jodoee J85uiliS adeiss IS S plgae a4 oS el
Lo posee o utiliSLwl 05 go a8 )S a0 0 o
28 05y Sz g 9K o Slziyy Y38 S
5 Sl S srnl il Sl (sl (xio gl
Ekpe et al., 2018; ) e Ludlgols wsSsS gilon
(Chang & Xiong, 2020

Ol S (o e (S3hem (o5 S I el Sl

(Manabe et al., 2018) o5 cladloe jae 5l wlgs o0
5T ols s abon 355 agilly sl 31 s 4y
&3k e il ouals DNA e 5 98 Sl
5 olgl os iS5 0 ¢ s caS Cabadloe ¢ Jskos
el 00,5 Lz 355 a1 (ole anile 4255 jynl w5
Olgme a0 el plSl] (Chang & Xiong 2020)
B9 5 0285 sl lom ploys sl ST (S
36l 50 Silb s as ST Gl g 0g oo oolaul
5 Ol lie 55 039 S by alax 5l bl
oS iagh o3l sladle js ailioe 95 ol
s gloglly @l 31 Sl T S ailes,S s

20/Y +

Sl Joe (e etlSLial S0l Sen g 0ol (21>

doddo

6o L eJlaial 0B 1,8 055, o el S5l
as “'\_“"L'LS'Q Ub)jub) ).»_’ 9 os.\....Sdﬁ.Q.CM sw
Coune ) coul ISl slo Sowiss 18 5290 ol oole
bocs ,ess U b jsb 4 Joilsl et al., 2017
asile (gouingyn sldanld Gk 5l L b jese lawgs
SIS loie d g 098 0 wg GLST (gl 0ee
.Jeong et al., 2012) sls Sop slos o5 soisS
o @ dadl> gy alez 5l g0l o yme 36 U]
He=sbaS ojls jue o clid g a5 > 0, Sles
Sl g3 T o sl al58) o ay orae 55
il 5l S .(Hernandez et al., 2016)
aliils g 5 u5ols cyllsg yo s Jolsl ol sl
J=50 Loty 0, Slee @ g o> Sl 51 ol
Wlgiee Joblasle (lee 5 (S,20 (ol JUSI 5o
Sl Ll S i | mlyss slogysysr Skt
S oo st |y (Sl ke S5 LE slsyg)e
Sross .5 (e (Deehan et al., 2016)
S5 e Mol g Lo ;23 (g o |, llisls
s> &l sae gblie plw loe o Lol a8 oo e
Abrahao ) coul glate Sl g5lwolyl 5 gl
58 059 4 aplash sl (6l 1 i JPUST 2500
Le ) 5,38 o s By 0l pinnrs 5 (akil>
.(Dare et al., 2019
S as olcel lao as Sllszgs jo Jgilil B yae
Sl 00 (0,155 wimen (Squeglia et al., 2014)
3 =it &S slalais miSl slaygyei o515 relS as
L ezenl (550 g aladls b o (oolS g OLSCES
3 e2alS ol g o)l bl Jeill G pas oo Jsb
3 A g s 5ol g akidle o Pl cage (il
(Vetreno & Crews, 2015) seis o 5Liis o Slas
G 3l e 0, Shes oss 0 gl a1 JgU!
sk an oyls pac soamo Jlal g9, » (5,105
9 S AL S0 g9 S0 elge Slo e IS


https://www.sciencedirect.com/topics/neuroscience/synaptic-transmission
https://www.sciencedirect.com/topics/neuroscience/synaptic-transmission
http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Nova Biologica Reperta 11(2): 19-31 (2024)

OF ) 1Y) 6,les ) ale o ey pole 55 (ns slaaily

o5 shen Yo ISl b e 0,50 i S il
Ve je0amcelu Y o Vel Jolsl lasl as o S6lS
SIS g an |y GBSl 0,85 LS 1 0,8 o
Ao g oo 59, VF Sy bagyleyo plad ain 578l o
MafyEsmaeili et oz sl S)9 5 &j9 o

.@l.,2022 ; Hwa et al., 2011

(NORT) wyas ¢ oo qomsidd (1903

o A4S Sl ()58 (503T S ge5l
OB s )0 g pSolny 5 a bl b Line loa o
A (b Sy ey 0 |y LT (Ul 5 03l 00
(Antunes & Biala, 2012) o2 0 ;1,8 b, 5,90
wydiso JolS Al yo ds 10 5 55, s b (3051 2]
e oo b Lol cys Gles iosle als e
al> o 0gd o 00ld 1,8 B A g0 4880 O Duw
Gyl g o (Jlaw Glsd) Glavad 5 o8 5 lal s L]
59,0 480 O S ds Gl s g Al o0lo 1,8 aee
ovalS an Lo ool jl, 8 e ob 90 awg yo g alrass
sl 5l (S aloye Gl o saladle (505l al o o3l
Golb Slogas L ooz o0 S b aax S5
Ol 9 (Swgye + (i pload) 0l (a9 Oglina
(Yang et al., 2017) o osls ,535b aa> a5 0,bgo

Sl s o ead (L)

it sty = X 100

wead o el Slej F a2 05 el e

10 pdigod

STl patiges cg Glass 3T 5l ey 595
hamm g 00, (ot |) lagtge i S gn (542U
ol gmd e g 00D (G195 (90 plox
O M S msle (59,00 SOU 0 g 00 o Loy
A e (@ber B i plosl (ley b
A8 )5 Jass ol 5 il ax o

70 colSgmd S8l (40 )5 (yjge

Jodoee 5l e calSgmm 8L (405 (3900 Holato 4
V) EDTA (Ve V+ e lale pH=Y/¥) Tris-HCI
YO+ a0 )8 oolaiwl (Yee < /YY) 5,500 g (Yoo o

VB jo ) g 2 e cslS g &8l 5l 0 )5 s

waabo YU ez jLid adas 5l calize slos o

Lo o 5 (695 (8,155 B9y B slags Lo
(Lietal.,2020) sls lis cwss

ol do 4 ISU1 oo &S w0l lias ol 18
STy g YIS il oyl 5T el S
QHLSA JM @‘y B P‘mlw)ml u...»l)ﬁ‘ l.u o‘).o.m
(Chen & Hu, 2017; Wu & Cederbaum, 2003)
ol 5l Gae iy s 5 ol b bl
9 AT S e

L gy 9 dlge

2uS il (5,5l (S3lsnd oRtalojl po sy ol

laiile o8ty ¢ st Gy lazslo sy psle
Sy I jgdie Bebo p 2o ooled 285 ol
s > S L SR ke oK 5ls
s YO a8 5 sl (IRIUMZ.REC.1401.043)
prS YOY+ iy oogame ;5 (alfiales] SooS age
2 5 Wl gl el el gl saSlaags,
A > g ol 5 gl ax 0 YYEY gloo o st Lyl )l
Gy 00Sils Sllgas 361 yo (SO)U g 598 cel VY

Ol d (ogante 38 5 Ol aiad (6)laeSS (ol
005 ole jsliie 4y 28,5 18 gl wyiws o S
JUES] 5] o e Sy Lastales] clasome ) cillges

258 plowl ol losl & b hge

sielojl 2lyb

Viog, S 0 an (Bolai job 4 o hge (oo cnl )0

CAéL.J.)Q Gs)‘QMJJ)MS 05;—\ JQMW(S)L’
=S e Vo 590 cie S 09, 55T 00,55
Y 68,8 2l o 515 &g s 1y il Sl p SelS
il 3 5108 Sy o als |, Yo il 4 (Jsibil o9,
)_’fa)jLSLHQ ) w.u‘;L_w]l_a)Lo.u 05)_?—‘: ...n’o)f
Ve je0am el YV g Vool Jobsl ool as 0,55 LS
IS g an |y HelSlwl 0S5 LS 1 08 e

21/%\


http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Hajizadeh et al. effect of astaxanthin of ethanol model of mice

G Joe (oo p elSlial S e 5 00l) (>

oolii ol b U gomnd s g a3l Cdlad jioiw

4 (Bigdeli et al., 2009) cé 5 & 50 Cos g,
L olid maow L ol (2STy byl aodls ol
5 1Y sl oS 0 PHEY 5 Voo (Lo 0 cdale
i 6l e EDTA oy 5 o1 VA 5 IS5 e
sl See Vo a1 by 5dg Sion #0331
i Sl (e e g9 00,5 adl] (2STy bgloe
o 550 OgslannSTsl s po o1 (Ul ulol
g yeils TV zgo Job po Jsle i el cows

A ollg> dads ¥ de

wap ol go09lle b (simiw .F

0L ead (igen il bl g 5l s Sl Ve
ke V5 ao 0 Ve al Sl g IS 6 5 e
Fr o 5 A bgliee 0o s + /Y sl 5 b
£S5 <l plom ool 5 cile gz 0 Ve sloo jo aads
4 bolo (Ul sloo jo o S 5l Ly ol ools 1,3
g 0a S8 il 4280 ;0 o Yoo Lagdo Ve Sos
Jsbo ) ol @iz e 5 a8 a2l T () Jslne
cble Lol oo b eaSlgs gl SO0 zo—s
oo,l55 nmol/mg  proteine jgw au awadll sy gl
(Esterbauer & Cheeseman, 1990) o3

bl LT

Mg, 5 (o dmglio 5 g )lo] Sl 5 252 sl

Syge 50 9 (ANOVA) 48 b Sy il )ly Judoo (y903]
s oolaiwl TUKeY  obias (g3 51 o Jlo cne
il s 5l eslai ol L Lo logod sy g lolne solad
(P < +/+0) polis 500 plsil Graphpad Prism
Mean + SD &5 wd goli .ab 48,5 i o lolize

Lasl ¢ s

S ol Ll b jlosd ST gy 2
S s i (903 )0 arrd
(NORT)

5L slaos 5 58 anss s ) S5 el
[+0) Ve MO/IKG sl Sl b jlas g P < /e 4 )

22/vY

by 13 L5 00,5 59— THiS-HCI 3L 5 s oo
50 4@ Ve o0l iemed S8l o gl CawdSS
e Ve Ce W Lol S aluas o sl
Blad e 5908yl pladl 51 Guy ool 5gudy sl ad8s

g LS)BTé"'? [EXP)
Oolgd Cdale fpoani

WLL).'H )‘ )_...JGL.A AR ool Tﬁj u""ﬁ)
S8 g il (658 el ) e ) 4 clSg
Yaw@rbjﬂgipbjlm@.lﬁmaul KUY
Bl slos jo 4380 YO Cowe a4y g ol oail, i s
o Jsb b yesideiSiowl oliws )0 (o (0 aliliS
o VL] VRS NLINE-JX S JU R STRIRTORSCOTY] FR A g
OF9 s pSee 2 p S Pl g & diged 1 alygo

(Yangetal., 2017) o 55

0 Sl 6T s sl mbw g cadled Jioxiow
059900y W9y A i g dale (g uFejlusl

Sy 9,983 p gl Ggole bawss b gl &5 g 0!
S8 esliiwl 8590 (nag Cdale (6 S oslail (gl
Sloolaiwl b oSy o> (GocC et al., 2017) cé 5
T Jsb 50 «slahall ©)90 4 Jlegidy ISl oliws
g (e ey Sl ot ealsS gl 090
9 Olo—is A $5lS s el oo il
(Mehre et al., 2018) ¢l oo ooliwl & lastiw!

YO ol cadlzd o .Y
= by, 5 YLl MPT cdled 6 uSoslal sl
(STl byl (Perera & Yen, 2007) o ool
b adlal ol 5l g e Ve b oads ags <obl pgm

@ gl Y zae Job jo Jsloe (5,9 d ol yo

Al odilg> 4a s ¥ o

30 a8 SnsS T gan o2 351 Cdlad i Y


http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Nova Biologica Reperta 11(2): 19-31 (2024) OFP) VAT Y o,les V)l S pole 40 (pgh sloasily

o Cas |y (P <+/00) )by e 2133l Y- mg/kg oalS gl e ok an J S 09,8 4 s (P <
el ools i Jgilil o5 el ST Ly e 05,5 a8 Sl o ol azily
80+
.
}é 60+ T T *kk —*‘—— T
= R
2 e
.g 40 .::.ﬁ:
e
8 207 ;ﬁ
R
0 T T T "-'T'.'-
& > & N >
&
(PQ A <& < <
v & 5

#P < /0w P<./-cy . (Mean £ SD 4 n=Y) (NORT) smuz (i (aseis 905] 0 pas oasls p ouslFl] 5l -) gl
(¥ MOIKG il iSlul) coie ;8 09,5 =ATX 20 « J5ilil 05,5 =Ethanol . Jgibl 5,5 b aslie ;o + P < +/-0 . 25 05,5 b aslin ,o
Yo MOKG sl SlnT b Lo 09,5 =E+FATX 20 V- MO/KG pusliSlewl b jles 09,5 =E+ATX 10

Figure 1. Effect of astaxanthin on the discrimination index in NORT (n=7, Mean + SD). * P < 0.05 and *** P <
0.001 compared to the control group. + P < 0.05 compared to the ethanol group. Ethanol=Ethanol group, ATX
20= Positive control group (20 mg/kg astaxanthin), E+ATX 10=Treatment group with 10 mg/kg astaxanthin,

.E+ATX 20=Treatment group with 20 mg/kg astaxanthin

ool 90 oy il 35l 1 oy .Y
soban Jglsl 09,5 50 (meluge (lime ¥ IS0 3l
Sl a8l ial58l S 09,8 A Cand (5l e
Sleog,S )0 Helugs mhaw a5 Jb> o P <o)

2 S s5b & 550 99 52 50 elSLLT L e
P < /o)) caolasl als Jgblog,S b anslie

23/YY


http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Hajizadeh et al. effect of astaxanthin of ethanol model of mice Fobl Joe Gige el Sl 1oL S g 0oly (>l

0.5+
*%k
~— 0.4+
o
{@))
£ 03
= T ++ ++
£ 02 1 T, I
r;:i 0.1 ﬁﬁ
i
0.0

&
& &

P<ofeed (JmuS 09,8 b duglio yo s P <«/e o) (Mean £ SD 4 N=0) culSgun 4l o frabgo o p ousliSlst 51 - g
L jles 05,5 =E+ATX 10 ¥+ MO/KG (il Sul) ciie S 05,8 =ATX 20 . J5ilil 05,5 =Ethanol . Jgibl 69,5 b aslie ,o +++
Yo MY/KY el Slewl b L 09,5 =EFATX 20 V- mg/Kg il ;S

Figure 2. Effect of astaxanthin on dopamine level in the hippocampal area (n=7, Mean + SD). *** P < 0.001
compared to the control group. +++ P < 0.001 compared to the ethanol group. Ethanol=Ethanol group, ATX
20= Positive control group (20 mg/kg astaxanthin), E+ATX 10=Treatment group with 10 mg/kg astaxanthin,
E+ATX 20=Treatment group with 20 mg/kg astaxanthin.

PR S| [RUNIN[PL IO 1 W | BPVRSVA §

5 Il sloeg S 5o VLIS o5l cdlad oF S 3ollae
e yob 4 V- MYKY il S wl L Jles
SN g P <l V)b ay J7S 09,8 4 o
05,5 30 mpl opl i a5 Jb> o il Luals P <
ssbay Yo mglkg 5 ) MOIKG (il Sl b o
S DL s 4 gl og S L amlie yo gl gna
Ol Ceiores ol aidly ol P < /-+1) o (P
oelSLewT b e 09,5 50 VLIS o 3T cdlad ol
MO/KG sl lil b Lo 09,5 & Conns Y+ M/ky

Sg o gme P<+/-0) LV

24/v¥


http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Nova Biologica Reperta 11(2): 19-31 (2024) OFP) VAT Y o,les V)l S pole 40 (pgh sloasily

250+

200- T
150- L ]

— 1

CAT (U/mg protein)
4-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-:-
e

100
50
0 < T N T
S Q
o &
< <

L dwslio o s P <o/o ey g P <o/oy (Mean £ SD §N=0) sl gun 4l 0 5YUL o 31 codlad p cpsliSlon] 51 =¥ gl
e MO/KY el Sl U o 09,5 L acuglin 0 # P < /00 . gl 09,5 L dslio jo +404+ P < /o) s P <ofe) 505 095
A MOIKY ol Flwl L e 09,5 =E+ATX 10 ¥+ MO/KG oliSlul) i 8 09,5 =ATX 20 5l o4 ,5 =Ethanol

Yo MO/KG usliFlsl bl 09,5 =E+ATX 20
Figure 3. Effect of astaxanthin on catalase activity in the hippocampus area (n=5, Mean + SD). ** P < 0.01 and
*** P < 0.001 compared to the control group. ++ P < 0.01 and +++ P < 0.001 compared to the ethanol group. #
P < 0.05 compared to the treatment group with 10 mg/kg of astaxanthin. Ethanol= Ethanol group, ATX 20=

Positive control group (astaxanthin 20 mg/kg), E+ATX 10=Treatment group with astaxanthin 10 mg/kg,
E+ATX 20= Treatment group with astaxanthin 20 mg/kg.

09,5 & S (S I3 g b Joill 05,5 )3 Sbgenns o3 b (S Ll 1 oy 0 F
aS Jo o (P <fev)) culasly gals s ol gund 50 HU g O S| 53 guw
2 59 ilSLLl b jles (slaog 8 50wl cnl collad
Jsill 09,5 L auslin ;o (g lo mme jobo 4y 590 9

P < ey sl azdly a3l

25/Y0


http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from c4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Hajizadeh et al. effect of astaxanthin of ethanol model of mice Fobl Joe Gige el Sl 1oL S g 0oly (>l

150
= +++
2 100 T
o]
= T -
=
*kk
S
Q 50
o}
[9p]
0 T T T
> o >
& & &
M G

09,5 L duolio o s P < /- o) (Mean £ SD 5 N=0) .cwlSgud a4l )0 j5g0mnd dnSl g ool cdlad p iliSlinl 51-F sl
E+ATX «(v- MO/KY sl iSlowl) coie S 09,5 =ATX 20 . Jgilil 04,5 =Ethanol . Jsilil 09,5 b awglie jo 4+ P <efe ey S
Yo MO/KY il Sliwl b jless 09,8 =EFATX 20 oV« MG/KG sl 5Ll b jlos 04,5 =10

Figure 4. Effect of astaxanthin on the activity of superoxid

e dismutase in the hippocampus. (n =5, Mean £ SD),

*** P < (0.001 compared to the control group. +++ P < 0.001 compared to the ethanol group. Ethanol= Ethanol

group, ATX 20= Positive control group (20 mg/kg astaxa

nthin), E+ATX 10= Treatment group with 10 mg/kg

astaxanthin, E+ATX 20= Treatment group with 20 mg/kg astaxanthin.

26/v#

ek ey (2 3 b 1 (o 2.0
colS gund 50 wall 53(y90lo

il oo olS g2 MDA o s Sl b S
OS2 ls plse 4 waallgagslle o
Sleine ysban Jbl 055 alS 3 b o
< efee)) conl azily malil S 09,5 b aslie o
L jlews 09,5 10 adllsogslle mhaw a5 Jb> 0 (P
L yles 09,5 g P <+/+V) V- mg/kg pslSleul
L aslio o P <+/++ V) Y. MO/KG il Sl

Sl a8l palS g ls gae jsb a4y Jgilil 05,5


http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Nova Biologica Reperta 11(2): 19-31 (2024)

OF ) 1Y) 6,les ) als o s pole 55 (s slaaily

*kk

++

T +++

0.4+
=
[<5]
<
S 0.3
=)}
: 1
©
goz) T
@
>
[«5)
- 0.1
<
[a)
=
0.0 T T
SIS
00&& &_\'

T, B |

gre P <o foo ) 08 09,5 U avolie jo s P <o/ o) (Mean £ SD 4 N=0) culSgun j0 saallcorygle maw p ol iSliw] 51-0 5log0i
Lyl 09,5 =E+ATX 10 (¥ MO/KG rsliSlonl) coie J 58 05,8 =ATX 20 (41 09,5 =Ethanol . Jgb1 0,5 b anslin jo ++ P < +/4

Yo MO/KY el Slwl b Lo 09,5 =EFATX 20 o) - mg/kg (sl iSten

Figure 5. The effect of astaxanthin on the malondialdehyde level in the hippocampus (n=5, Mean £ SD). *** P < 0.001
compared to the control group. ++ P < 0.01, and +++ P < 0.001 compared to the ethanol group. Ethanol= Ethanol
group, ATX 20=Positive control group (20 mg/kg astaxanthin), E+ATX 10=Treatment group with 10 mg/kg
astaxanthin, E+ATX 20=Treatment group with 20 mg/kg astaxanthin.

3 Pl ol (gxlis St g sl 5 S (IS ok
iy A il g oS0l Jolsl ol alidls 5 ¢ Sl
,o (Abrahao et al., 2017) oS o Jue |, calSgun
2 Pl gy g LT Joe sl (6l pol> anllla
ab 50 gulo ST el e ioen g s S0l g aLisl>

aa Vel JPUl sl e 1V adlyy) &j5o b ccalS g
Sae dy Jles 09,5 95 5 Joilil 09,5 Sla e 4 510l )90
il g, o5l ol candline (pyl y o ools Jlgie 59, ) F
bl 5 g ad 0ol W NORT s 5l Sllg> (50500 4
5 led S0 JalS Carge Joill 4wl e o lel Jelow
ol ol lrerBgm Lol e 3 )5 5 (arsels
dld 2alS 9 DA s (al58l cozrge Joibl Sran oS
lsie 4 MDA sl paizean i CAT 5 SOD glaps 3l
Ol el gn 4l o sud e lannSTy (a3 Lo

<l

S ey aS oo ge oy lis Sldlas Ll (pl o
30 o2 g abidls o o wilad § 18 SN s 563 as >

27/YY

OLsS il 5 )18, Gla) p pol> Sipghy 5o
e S Yo g Ve alaen 5 eyl Sl bl 45 wiols
A (650l g adiadl> SV S 54y g0 oS 9 LS
SRS ROV : DUT; DY EPURE NCT SRR EV 0
258 Joibl b ooty W sla tge 55 Gelygo

Jell fpei g oz 3l ion B pas a5 ilools lis Sladllas
bl e 55 63,8kee 5 (6515l ol & e Ysans
B9 g e Al 5 (6 S0l Jpis a5 bl o3u
S sol,dl el el ool lis slusl S5edsmen] Slalllas
crld e S Glo gads 5 el 5L cos
7, abidl> 5 6,50l 0 axgs BB OS] ales 5 5lis
b cmae slacew! (Vetreno & Crews, 2015) &, -
3 518, Mt 31 ilie elysl 4y i Joibl By
LS (5 > 3 Shos PLST itz g5 35005 1 St Ao
o Sgbios SRSl Pl g el g Sl las b 5


http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Hajizadeh et al. effect of astaxanthin of ethanol model of mice

yo—b 4 Jeilsl sa S il ;0 05, 5 L auglio ;0 Ve g0

ool a8l palS g ylo sme

A eelinggy cdled (300 o558 A, G ATX
SlaaslaSs) G ySmter 5 G250l 5 (S g Sl il o
Ple SbsT 9 508 5 (Shge ) Syt o5 Sl Jinio
red oog Lls Js 4 b ATX ol K0 o YT U358
g8 ple (izeed § BaSeia)l5 (e 5o (ST T (ol
S Ol 3=t 5 (=aal)l 5 alig olge yo (edls
oolai vl by Jouig g lie uslu o8 lp 26 bjsus
.(Stachowiak & Szulc, 2021) s’

o dily ,L8; 0, Shas 559,95 o sl b ailgs 0 ATX
b ATX L layd izron aidn o9 |) ool
MDA zshos 2als s GSH 5 SOD 5 CAT collss i3l
wls olas wlallas (Grimmig et al., 2017) 545 . DA 4
Oimmad 18,5 o |y USI ctendsSLST 5 o j5e @l 5T ATX
Cools 4y CNS (slacoul ;o ATX as clibls ol
CAT I8 g MDA zals 5,k 5l o1 (g68 SlasST ol
cloasls gyl aan b ATX as ool comes SOD
alox 5l yreaml 2 01, DA ¢ MDA aibe gilanns]
(Fakhri etal., 2019) .oisy o d9utr S gun

Ol b 5 Jshe jemm] Ghals » sute ol STATX

sl 3502 s GPX 3 CAT SOD wile glags 5T cudles
ol azss BB b 4 ATX L loys 5 )ls gilacns]
=1 .(Fang et al., 2017) a_ao o 2als 1, Bl y;
g adadl> Pzl Lasas Slabse 0 ATX oS
SIS 023591 5e3laeST il | (26 e ol 5 (5500

Slo s 55 B 55 & 5 3 sre ilons 51 S,

(Fanetal., 2015) sls 58l

it LT adlome Sl )y 4y ol anlllas 4o

il ST ] Can g 5 5,58, sla s

@l ol el Jell Joe slatge 55 e cualS g
S Ll L oo lod slo ybge (5,8, slaosls 5 Jol>
30 650l g aldadls o lizes glad iz ;o dgup odumolis
5 ol gls eizen wilioe Joibl 51 (20 Jlom slotse
aS cewl ol 5l S S gun o gl ol gl asls

Sl Joe (e eSS0l Ses g 0ol (21>

Zhao) &,ls g BB OGS saz 1 b anseis o ,Sles
g o> 5l i o me 40 38,5 18 e (et Al 2013
J ol am g oo Sy Olygs e Jobl gl
Jee JLuS )5 01, olad alabl> slaos] ) ool jeos
ol o Jgilsl B ,ae (Contreras et al., 2019) w5
St (ml 48 95800 s pT0L g Al )3 S czge
DG a_=b o 9,00 odss ol 5l il asle o oac

(Xing & Zou, 2018) uil cwlSgun

Slo Bl o) » SlL 1) alddl> (g5, 2 293 @ 5 il Jsil)
Jl_a.c‘ DA 9 GABA ‘U"Jﬁj J.u_u‘ 0)49_> ol s
L) e y28 5 ualSgmed )0 udsS il aley bl sled o
Ceel Goe olisS jo Jeilsl B yas puioren 0 o JalS
A S5 Gleply Gendl o G5 peelisd laply Cagls
95 -l alasly 4 Jobl ol ply 998 oo cuelSgen )3 03
g Sl o Pl el So5 LT 5 s aelss slapitan
(Hajizadeh et al., 2014) s 5 o aladl> g 5

=l glampl el (JSI oje 5 a5l G B

Ay e g oo oo (malS [, SOD 4 CAT il glos]
15 gl 5 5l oyl (il b ol e sl ol
2 S oasS B ae (Ulg )3 jie oo 095 0 she (> o8
2 e Sl a8 g cslSond alon Sl ot 42l (i
Chen ) sl e LalS IS 00iiS'ch pan o lgz b dylio
5 0037 o JISol, Lialsdl s 4y US| Corons (& Hu, 2017
25 5o o | ROS wlgs ISl ol geilaanS T il 95
OS5 ol il 59 it e (265 slopeslSo b 5
995 o0 ST S jo oy an St slawul g &b
5 CAT alox 5l SlauSt T slaps 3l coled iman
5l o (Wu & Cederbaum, 2003) aes - als'1,SOD
Ciio 73U aalllae ol 5l sdel Cavay (s kel slaosls Judo
lom ! colld Gl b Jeibl o pe Ol il ogus 0 ATX
6oL o> U lyt ol 5 ol dgpion YalS  SlagnST
Al oaline Voo 5a0 50 Ol o mion e 090 j90 4 dunly
CAT 5SOD o Jlud ATX ) 5l oy 45 65 bo 4y
A (ALl izren 9 Joibl 098 4 Cannd oS ooy S
Sl o a8l ulial Jsibleg,S 4 s NORT s jo
A 590 90,2 W ATX S el 0 09,5 ;0 DA zhaws a5
522l Ul oaiiS s 05,5 b auglin 15 (o,l5 sine b
Ly ATX eaiiS @il 5 05,5 10 35 MDA slhas sl azily

28/YA


http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Nova Biologica Reperta 11(2): 19-31 (2024)

Sl Swlemw

) ol S (gl gaabinbly 5l oty gy ol

oy el dilaans ol yai5le olSiils

REFERENCES

Abrahao, K. P., Salinas, A. G., & Lovinger, D. M.
(2017). Alcohol and the brain: neuronal molecular
targets, synapses, and circuits. Neuron, 96(6),
1223-1238.
https://doi.org/10.1016/j.neuron.2017.10.032

Antunes, M., & Biala, G. (2012). The novel object
recognition memory: neurobiology, test procedure,
and its modifications. Cognitive processing, 13, 93-
110. https://doi.org/10.1007/s10339-011-0430-z

Banerjee, N. (2014). Neurotransmitters in
alcoholism: A review of neurobiological and
genetic studies. Indian journal of human genetics,
20(1), 20. https://doi.org/10.4103%2F0971-
6866.132750

Bigdeli, M. R., Rasoulian, B., & Meratan, A. A.
(2009). In  vivo normobaric  hyperoxia
preconditioning induces different degrees of
antioxidant enzymes activities in rat brain tissue.
European Journal of Pharmacology, 611(1-3), 22-
29. https://doi.org/10.1016/j.ejphar.2009.03.034

Chang, M. X., & Xiong, F. (2020). Astaxanthin and
its effects in inflammatory responses and
inflammation-associated diseases: recent advances
and future directions. Molecules, 25(22), 5342.
https://doi.org/10.3390/molecules25225342

Chen, Q., & Hu, P. (2017). Proanthocyanidins
prevent ethanol-induced cognitive impairment by
suppressing oxidative and inflammatory stress in
adult rat brain. Neuroreport, 28(15), 980-986.
https://doi.org/10.1097/WNR.0000000000000867

Contreras, A., Morales, L., & Del Olmo, N.
(2019). The intermittent administration of ethanol
during the juvenile period produces changes in the
expression of hippocampal genes and proteins and
deterioration of spatial memory. Behavioural Brain
Research, 372, 112033.
https://doi.org/10.1016/j.bbr.2019.112033

Coune, F., Silvestre de Ferron, B,
Gonzalez-Marin, M. C., Antol, J., Naassila, M.,
& Pierrefiche, O. (2017). Resistance to ethanol
sensitization is associated with a loss of synaptic
plasticity in the hippocampus. Synapse, 71(2),
€21899. https://doi.org/10.1002/syn.21899

Deehan Jr, G. A, Knight, C. P., Waeiss, R. A,
Engleman, E. A, Toalston, J. E., McBride, W.

29/v4

OF ) 1Y) 6,les ) als o s pole 55 (s slaaily

5SOD (slap T clad (tal3 8l corge elSlwl b las
L olil ol 00,8 o MDA DA #olas juals 55 4 CAT
Yo 590 50 Sldl o i den 09y 390 4 dlusly g0k w>
aslllas ol 5l ol bl ol sanlin p,59lS 5 6 5 Lo
9 d)jél_u oYls Sgnp 4O u.....";l.._..u—‘ @L»‘y OM\JQL&J
Ol as b ol o a8 ol SlawnST 5T slajasle g alasl>

clin (298 lyie 4 T 5 2ol 5 (2188 JoSo & jg0 4
2,5 oslawl 00 pb WS gy

J, .. & Rodd, Z A. (2016). Peripheral
administration of ethanol results in a correlated
increase in dopamine and serotonin within the
posterior ventral tegmental area. Alcohol and
Alcoholism, 51(5), 535-540.
https://doi.org/10.1093/alcalc/agw037

Ekpe, L., Inaku, K., & Ekpe, V. (2018).
Antioxidant effects of astaxanthin in various
diseases—A review. J. Mol. Pathophysiol, 7(1), 1-
6. 10.5455/jmp.20180627120817

Esterbauer, H., & Cheeseman, K. H. (1990). [42]
Determination of aldehydic lipid peroxidation
products: malonaldehyde and 4-hydroxynonenal. In
Methods in enzymology (Vol. 186, pp. 407-421).
Academic  Press. https://doi.org/10.1016/0076-
6879(90)86134-H

Fakhri, S., Yosifova Aneva, I., Farzaei, M. H., &
Sobarzo-Sanchez, E. (2019). The neuroprotective
effects of astaxanthin: therapeutic targets and
clinical perspective. Molecules, 24(14), 2640.
https://doi.org/10.3390/molecules24142640

Fan, M., Song, C., Wang, T., Li, L., Dong, Y., Jin,
W., & Lu, P. (2015). Protective effects of lithium
chloride treatment on repeated cerebral ischemia—
reperfusion injury in mice. Neurological Sciences,
36, 315-321. https://doi.org/10.1007/s10072-014-
1943-x

Fang, Q., Guo, S., Zhou, H., Han, R.,, Wu, P, &
Han, C. (2017). Astaxanthin protects against early
burn-wound progression in rats by attenuating
oxidative  stress-induced  inflammation  and
mitochondria-related apoptosis. Scientific reports,
7(1), 41440. https://doi.org/10.1038/srep41440

Goc, Z., Szaroma, W., Kapusta, E., & Dziubek, K.
(2017). Protective effects of melatonin on the
activity of SOD, CAT, GSH-Px and GSH content
in organs of mice after administration of SNP. Chin
J Physiol, 60(1), 1-10.
https://doi.org/10.4077/cjp.2017.baf435

Grimmig, B., Kim, S. H., Nash, K., Bickford, P.
C., & Douglas Shytle, R. (2017). Neuroprotective
mechanisms of astaxanthin: a potential therapeutic
role in preserving cognitive function in age and
neurodegeneration.  Geroscience, 39, 19-32.
https://doi.org/10.1007/s11357-017-9958-x


http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Hajizadeh et al. effect of astaxanthin of ethanol model of mice

Hajizadeh, E., Khezri, S., & Piri, M. (2014).
influence of ethanol on amnesia and state-
dependent learning induced by scopolamine in
male mouse. journal of animal biology, 6(4), 1-11.
sid. https://sid.ir/paper/176951/en

Hernandez, J. A., Ldpez-Sanchez, R. C., &
Rendén-Ramirez, A. (2016). Lipids and oxidative
stress associated with ethanol-induced neurological
damage. Oxidative medicine and cellular longevity,
20186. https://doi.org/10.1155/2016/1543809

https://doi.org/10.1111/j.1530-0277.2011.01545.x

Hwa, L. S., Chu, A., Levinson, S. A., Kayyali, T.
M., DeBold, J. F., & Miczek, K. A. (2011).
Persistent escalation of alcohol drinking in
C57BL/6J mice with intermittent access to 20%
ethanol. Alcoholism: Clinical and Experimental
Research, 35(11), 1938-1947.

Jeong, J. S., Jeon, H., Ko, K. M., Chung, B., &
Choi, G. W. (2012). Production of anhydrous
ethanol using various PSA (Pressure Swing
Adsorption) processes in pilot plant. Renewable
Energy, 42, 41-45.
https://doi.org/10.1016/j.renene.2011.09.027

Le Dare, B., Lagente, V., & Gicquel, T. (2019).
Ethanol and its metabolites: update on toxicity,
benefits, and focus on immunomodulatory effects.
Drug metabolism reviews, 51(4), 545-561.
https://doi.org/10.1080/03602532.2019.1679169

Li, J., Guo, C., & Wu, J. (2020). Astaxanthin in
liver health and disease: a potential therapeutic
agent. Drug design, development and therapy,
2275-2285.
https://doi.org/10.2147/DDDT.S230749

Meahre, H. K., Dalheim, L., Edvinsen, G. K,
Elvevoll, E. O., & Jensen, I. J. (2018). Protein
determination—method matters. Foods, 7(1), 5.
https://doi.org/10.3390/foods7010005

mafyEsmaeili, M., khosravi, M., Esmaeili, M. H.,
Bananej, M., & Solati, J. (2022). In-vitro and in-
vivo evaluation of the anti-Parkinson activity of
Astaxanthin.  medical journal of mashhad
university of medical sciences, 65(3), 1387-1400.
(In Persian). doi: 10.22038/mjms.2022.65697.3865

Manabe, Y., Komatsu, T., Seki, S., & Sugawara,
T. (2018). Dietary astaxanthin can accumulate in
the brain of rats. Bioscience, Biotechnology, and
Biochemistry, 82(8), 1433-1436.
https://doi.org/10.1080/09168451.2018.1459467

Perera, C. O., & Yen, G. M. (2007). Functional
properties of carotenoids in human health.
International Journal of Food Properties, 10(2),
201-230.
https://doi.org/10.1080/10942910601045271

Pisoschi, A. M., Pop, A., lordache, F., Stanca, L.,
Predoi, G., & Serban, A. I. (2021). Oxidative

30/

GBI Joe (oo p eilSlial SIS 5 00l; (>

stress mitigation by antioxidants-an overview on
their chemistry and influences on health status.
European Journal of Medicinal Chemistry, 209,
112891.
https://doi.org/10.1016/j.ejmech.2020.112891

Squeglia, L. M., Jacobus, J., & Tapert, S. F.
(2014). The effect of alcohol use on human
adolescent brain structures and systems. Handbook
of  clinical neurology, 125, 501-510.
https://doi.org/10.1016/B978-0-444-62619-
6.00028-8

Stachowiak, B., & Szulc, P. (2021). Astaxanthin for
the food industry. Molecules, 26(9), 2666.
https://doi.org/10.3390/molecules26092666

Vetreno, R. P.,, & Crews, F. T. (2015). Binge
ethanol exposure during adolescence leads to a
persistent loss of neurogenesis in the dorsal and
ventral hippocampus that is associated with
impaired adult cognitive functioning. Frontiers in
neuroscience, 9, 35.
https://doi.org/10.3389/fnins.2015.00035

Vetreno, R. P., & Crews, F. T. (2015). Binge
ethanol exposure during adolescence leads to a
persistent loss of neurogenesis in the dorsal and
ventral hippocampus that is associated with
impaired adult cognitive functioning. Frontiers in
neuroscience, 9, 35.
https://doi.org/10.3389/fnins.2015.00035

Wu, D., & Cederbaum, A. 1. (2003). Alcohol,
oxidative stress, and free radical damage. Alcohol
research & health, 27(4), 277.
https://www.ncbi.nIm.nih.gov/pmc/articles/PMC66
68865/

Xing, Y., & Zou, D. (2018). Ethanol-induced
cognitive dysfunction is associated with alterations
in the mammalian target of rapamycin signalling
pathway in the hippocampus of male mice.
Neuroreport, 29(14), 1230-1237.
https://doi.org/10.1097/WNR.0000000000001104

Yang, K., Broussard, J. I., Levine, A. T., Jenson,
D., Arenkiel, B. R.,, & Dani, J. A. (2017).
Dopamine receptor activity participates in
hippocampal synaptic plasticity associated with
novel object recognition. European Journal of
Neuroscience, 45(1), 138-146.
https://doi.org/10.1111/ejn.13406

Zhao, Y. N., Wang, F., Fan, Y. X,, Ping, G. F.,
Yang, J. Y., & Wu, C. F. (2013). Activated
microglia are implicated in cognitive deficits,
neuronal death, and successful recovery following
intermittent ethanol exposure. Behavioural brain
research, 236, 270-282.
https://doi.org/10.1016/j.bbr.2012.08.052



https://doi.org/10.1016/j.bbr.2012.08.052
http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html

[ Downloaded from ¢4i2016.khu.ac.ir on 2026-06-24 |

[ DOR: 20.1001.1.24236330.1403.11.2.2.4 ]

[ DOI: 10.22034/nbr.11.2.19]

Nova Biologica Reperta 11(2): 19-31 (2024) OFF) VAT Y o,les V)l S pole 48 (pgs slaasily

*hkkk

How to cite this article:
Hajizadeh Moghaddam.A, Sameil.F, Khanjani Jelodar.S Malekzadeh Estalkhi.F. 2024. Effects of Astaxanthin on
Learning and Memory Disorders and Oxidative Damage Induced by Ethanol in the Hippocampal Area in Mice. Nova
Biologica Reperta 11: 29-31. (In Persian).

s3lanST sl 5 aAlible 5 (5 Foly VDS LT Sl NF Y G, Sellanl 0313 - ylosle Sluils (B crol (il padio 03l o>

YY) alRile] S gS ige canlS gt 4l 4o Jsilil L oo Wl

31/¥N


http://dx.doi.org/10.22034/nbr.11.2.19
https://dor.isc.ac/dor/20.1001.1.24236330.1403.11.2.2.4
https://c4i2016.khu.ac.ir/nbr/article-1-3668-fa.html
http://www.tcpdf.org

