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ABSTRACT

Introduction: Astaxanthin, a potent antioxidant, helps neutralize free radicals and reduce oxidative stress.

This compound also has anti-inflammatory properties that may be effective in reducing neuroinflamma-

tion. For this reason, astaxanthin is recognized as a potential substance for protecting the central nervous

system. Epilepsy is a neurological disorder characterized by recurrent and unpredictable seizures. Trau-

matic brain injury and spinal cord injury can also lead to severe neurological disorders. Oxidative stress

and neuroinflammation are key factors in the pathophysiology of neurological lesions. In animal models,

astaxanthin has been shown to reduce levels of malondialdehyde, a marker of oxidative stress, and in-

crease antioxidant enzymes, such as superoxide dismutase and glutathione peroxidase. This compound

decreases neuroinflammation by inhibiting various inflammatory pathways and reducing the production

of pro-inflammatory cytokines. These effects can be effective in reducing the frequency and severity of

epileptic seizures. Astaxanthin prevents neuronal damage caused by seizures and helps tissue repair by

reducing apoptosis and increasing neuronal survival. Conclusion: Studies suggest that astaxanthin may

be effective in preventing and treating epilepsy and traumatic brain injury due to its antioxidant and an- i Keywords:

ti-inflammatory properties. Further research is needed to determine effective and safe doses in humans.
i 1. Nervous System
i 2. Seizures
i 3. Anti-Inflammatory Agents
i 4. Antioxidants
5. Oxidative Stress

*Corresponding Author: Sadegh Shirian

Email: shirian85@gmail.com

\~\


http://shefayekhatam.ir/article-1-2576-en.html

VF sl g ol qo35oms 0199

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

P WP RE P FPSU gAY SPVRK SRNUWESRVE TIALIN PROU. 0 T PR PP S SCZ I V)

Ol 00,5 0 0 )5 0 olKils ¢ S paels 00Sails ¢ 1AE Slge d S J S g Clilags 05,5

Ol 0,8 jas 005 jors olSiils ¢ S juals 0aStils o canlids ol 05,57

i wleMb|

VEF (058 Y andol VECY sl VY redl yo

P oieals g oyl sla sl (5l s am (g9 oS 5T S il Sl wl :aoudio
LS el gl ass ply S s izmed oS 5 ] 9IS e S g ihanST oyl
Polyea elF sl (Jds e a0 8L e (e Slgdll ialS s il - Ses
L S o oy e A1 (5 e e o ] e Lablona (s, o5 il aal e S
Pl Neh walh (mas ST A o w g o0 5 (Sl ] 5 (S0 Sleg
Fsladas o aies e Slals sl sl 0 gundS Sl sas Slell s sl
E eyl S S sl o0 (e el (ol TL ] A8 el su eols Gl o g
L 0allS 5 Ssaas 0enSTig s s ile ST T slmp T 5 00l alS | gl
oy el g b gl gls s e L S 5 ol oo oo Al SlanST
L el o 4l ce S8 ol e e il | (a5
Pt B G595 el ) el Sl il e (o SlagtS St 5 gl
DS e S8 SBh e 4 (B0 bl 2Bl g el el L g oS e S5l
PSS Sl ply s s A elSwl a8 s as oo s Slallae 1 S Ao

(eolS slaojlg

N 1 RS B D N [P | VT . 3T T g ST iy UNIP-JC U SURGH H-V-L 5 W PR |

s =Y
sl ws Jolge T
Slonst ool -f
guilonST o il =0

Ol Golo 1] ghamo o gisk

shirian85@gmail.com 1S9 S| Sy

I


http://shefayekhatam.ir/article-1-2576-en.html

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

VFF lsls s 0lasds (v} 093

lalllae 5 o0t gosal anly i o2 e > ol Ly
J—ol5 S50 (gl (gt Sl 5 o Sl iy
2 ol il Gl e slap—ilSe
P b 4 il S e sl gl sla e
39° o Sl (5 e o5 S Sl oldlas
Jieiol ol 2)lie g gl pls) o She
UL oyt i) ot o5Ple el 23 oS 5
2l L oy ons syl L iyl JU s
‘SCL_?.:.S—Lg)'.iA ‘i—‘"l"ﬁf’ LSL—QMT Ie E—i‘) LSL'“QL")‘)
Sy95— adlia cplil Jlo)9 2 (YL ol I 5
S i 3,n 53 sale slmecil o 51
e Siles 3 slacanl 5 650 Gl 5o
PN Iy TSN L O WU R W S S | J{
sy il 5 il s a8ly b e L
ooliiwl ;5 o il sloatusd g Lo il (izen 4
o9 Sy @Flil S lye an S 5 ol
4 J._J‘y‘sa aJlas Q_,ﬂ (—as Y O—i‘ [WNETR VIS
slasle,s sanwg ool wlidiss gl glasb olese
S 8 eolii il 0 )50 die) il o ;T80 g wmax

S e (e B A 35555 Sy S
ez Jdoasgo)ls 3l Lo Ldgily goolg il ay
oot S e a5 558 Sl ST ]
03,5 il 095 A oo Oliax o) ol Ay
T b b e S5 ol O e
Haematococcus sloaSil> ol bp—uilS )1y S
40 —wixed ¢ Phaffia rhodozyma , . pluvialis
gSa el (ple aiils gl o Dlog 250
Hae- S>> .(VY-VY) 09— oo <8l VI 58 s S >
b A 5 S€ (lg—ica; matococcus pluvialis
N Y S N P e
(oles Ol L sad je o oleS osle o >e
il Bl S co adgi |y S 5 ol 5l YL molie
3 Kt w05 0, 4y i lmns 5L s 4
S on Cyme b (sLaplanS |l b s
Lol sladiesl, gl s 2Ly S 5 o
ool ol 50 G slacdl g laslw 5l g )l
ol Sladlas .(VF-1F) oS co ctable g slans|
Foor L uilFlw!l SlawsT 6l oyad as alesls
E eling 5l it 1 000 O fsling 5l tn ol
s aiile Laagdeisy)lS b 5l it 1l )
elS A g as SlawS| ol cwols ol ol

! Traumatic brain injury

dodso

il s s e WS 55 il
&y s elaixl g 60,8 Dy Sloo S
o yoeie 9l on g 39 o XSS (St JoB
55U el S el - g pio Silog i (glivess]
Algd co i glow Ly o ay (S5 gl s
L .(V-F) wisds o gYsb sl Slgil o g S5ls
ol Sl g ooz ligres Ll b (ol Lo
S e g anar ey slalSal, oyl Ll ol 4o
B B)lse w5 il ;She Sl Sl e wlen

b Sl 5 L aa g S la o o
el oo el olgdlas 5 SlawSt ST ely5 L
b A4S (x5l e B 0 395g 1S S el Sl
R (F g ol slaals oSl 0 (ol
el s am st oo el (2l 0 Dlog2ge
oS lganel S 5 S (g 955 9,8 4 aie
Sl ool 7y dae mae slas lew loys gaine) o
S 3l e @l L 4 S 5 ol (V)
(598 Sl il cols Jdoan asl o)l 1) g5
slodsba 5l g 00,5 s ) ol Lo JISol, wilgs oo
A e Liblrs 5 3lonT glpiagns] il 3o s
wladlas ol 3 s el l eyl s opdle (A)
3 S o—as ol i alS a alg o 4 S ol
Silog sl 5 gm0 S8ty 50 GolS Jslye
ot i Sl oS S8 o elss - g i
Gl 3 b 5l ailed co Sl 45 alesls
s 35S (il i alS a Lo Sl gsisite
S Slos 09— 9 NF-xB ol ol lo s
S ySdos S99 Layg)e 5l Cdablone a (ol 08 e
o Sle— loaJas 0 () 05 S5 —ac
I bgid Sad g Slol 8 cul a gy ol Sl
sl Gle slm e o i izen s i oS
3wl awilg S 5 ol (TBI) (6520 SSleg 3
55 Slat 35 5 03,5 5,sSslr e ool o
ol Laasdly ¢yl 0 Jugas |, (25l 5 35 >
S plgreds (VL Jmily (Sl 45 s o
OV ol mac O S ol e Sl Jle



http://shefayekhatam.ir/article-1-2576-en.html

\F-f UL...;L; P a)Lo.:f; R jaan 0y

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

00. >
M
ovgy 90 Ay Sl wl (s yo L(YY-YY) oS
Jold (b (g 0900 3y (o9 g (b
z!,%i—wl 9 Haematococcus pluvialis slaSl> ciS
YL enl pociny Jds 4 ol Sl s
L}""" (Y"\) 09...“:‘541 ool G"'}J’ ‘).mS ‘5~—JL> Uo)‘ﬁ"'c 9
J—oSs g 0020 K, (e a oldd anlio oSy
0‘5—“'4" ‘5[9)‘0 (':_:LMo o9 I{V PV )._g‘)g 3O Sy
Sgi g0 oolail la ST il g olgdlas S 5 S
)l g Sman pley Do 55e Laed s (sl
PEET IV IG5 WS SCSPNPUL | 51 5 W) I BN-C I
sloadese plw g Lag)lo L oS 5 (ol OMelns (o
Jrailty Ly g S 5 Sy ly—edy ;S
Bl (S g Cedlw Bye 40 by, so] YU Sle,s

5 S 55 S S o K ST o
sl lon ol (o GBI b5 e Lo lo
RS N S QY)L:__}_I PR PR PR L
Gl el Sl o ST 5T ol s, odle (V)
ol gn s 5 ol el (558 gilas ol s
oS 9 NF-kB usile (olgill (slos jonns )lge 350
S oralS s gl g sLa S s Al
el o0 ely Fig yal VA) 9S (SaS s o
ol (Sloeys 4 F S plyea GulSlulas
Lo lon wdsileg; o )T aile ol slags o
B s 39— —as Sl G g 03 (2l
a3l e o Ulg e Ll (V) 0,8
o=l aS )l I S - Ggt sy e g
Sbidloe )3 0u S lgael S 5 S 4 ], ol (S
55 e e s S5 3 st 5o sk
S ool s ol iy Slalllas (Y+-YY) el
gl sl ials b 5l ol oo S 5 ]
U P L SE P o)TiLo.c RV WY sl |
> 9 095k 9 el ol (pmas Lo len

B e slacanl 5 g0 ooy 5 (55K o il S lis] 56 0y 5l Slad g —) gl

0 el Y Sole 5 (iR el 3

Ere e

SRS O9elals” GRalid
SOD 21331\
MDA _tals -

il 3]



http://shefayekhatam.ir/article-1-2576-en.html

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

VFF lsls s 0lasds (v} 093

é;s_)_c ;4,_—“—3—@

e Ysb el 5 s LanlE Wiy Lis IS
5 S5elgsed sl alioe el gl o
Al s (e 5l sl (o) 0 0925
4S saad LgLﬁbuu}L ro—c-)(_,’lc (F) a)lo Q‘ Lth..\nL.,
S e L;mei 6‘)—? ‘S‘»La)a Sloladl @LM:LM 6‘)—?
sgime x claylo s wil o0 alosl Silog
SSag) (FV) win i Sucals) s 5l g0 4 g
25k 4 5o Silag sl oo gl Sty
LAl (sl iz il L glosyd i L oo nS
B s 55 sl 1l 50 (5 5mdy Bllasl 2l
oSl ol L (g0gamme cddge (FY) cnl a8
e 0 B8 B ola)S ol (o Sgmn ¢
Slalllae 0 Lo F L )5 5 e guS g e g
Sl S i sl iy, plw cwloswl cwsa
loerd olys (o dos (sLojge S by 35|
oz 3 oling,ls 5 S sigms s it ol 4o
Skl Jtil asl ¢ LB ¢y log )
G 5 ks ol Gl e STY
LgsT o5 lly gllals lps1 (FY) aisS o ooliil Jo b1
b p sle Smez 53 Sue (Vg b (Kt
Blgms 03ty dm ¢y Cymos] Syt (Sl g Ay eieie
Sy o5l (FF) sl o0 ¥ el asile (5o

Sl 2o Sy 2se )0 mly Jedeiily a3e5s )5
ol @i oS ploe any il B pae gl aS
GreS sl Ly 3Ll (Yot $0) El o0 oy
glalis Szl b 4y o] alinnSTy
Lo 6l 51 )l (FF-FV) 08 o S sl
Ol 0 00ls s Sl a sl b
Olee,e S glgrear Sl wl 4 e wl oo ool
| aile alimes (g5 il Jilse (sl il Sy
0590 = oSl sl ol g Lo )8 ¢ 3559 5l (S5LS
Jae S& 0 (FA) cul 1590 Babes 0 *(IRIS) dome
(S S A Ol Sl 4 o sols yloiis «hge
‘j'l_.o)é sle clale oy ‘J._JS@ KPS *(BBB) S 2o
il 5 gl and ¢ oS T 5 g s e
alllas Sy 4 (FR) 0 oo Jlael |, 555 e saiiS
Sl o, Slae 5ot 6l oyl Sl 5 L Sl
e TRT (gl Joto (0+) ol 00y aalllas el o
L 8 tilSll ’c_s‘l“‘)“‘é =) Sl sla e 5o
Ol el g et col 5o 265 BB ialS IR 1o
Oe9 50 590 4 dimly Al Lol en |y (omae 2 ks
(FY)asols o Las HSPY- 5 (HSPYY) YY 7 )1, > Sy
ot sla Sl (HSPs) )l ,> Sed sla iy
o)l slod Shee 5 wiwn (Jolow (ol il o
(OV-OY) 4 s e glhy 5 cae gl o
oLl Uy oo S sl sis o158 clalllas 4o
1 X lS alaaly Ly 5 o) 2alS 5o

2 Closed head injury

3 Reactive oxygen species

* N-methyl-D-aspartate

3 Ischemia—reperfusion injuries
¢ Blood-brain barrier

7 Heat shock proteins

JHe 5l (S g pter (o9 SBliage JSie S TBI
g (F) Sl Gl i 50 e 9 S s (s
5 Ok Sl yomal Jl i plod j0 il e o
Sz Sl g St bl b o yme j0 48 S5
G (S 9md mel 5l 2YL S L a1, 8
Oles 3 Sileg i (550 sl i 55, Sileg 5
aS 3 oo dloulan o Ly (Lol (51 o el S
a3l (CHD' 386 8 s ;o ol lgie s
gz oIS Ll (50 sl (B)l5e 09 o0
ol gadadls P ST nie 0,0 ( S0 ,udl g Ol sl
I o DU N BN AR [ DR ST PR AN I
EVN S 5 > a5, Lh, SV 5 asslas 51 ey
Silog i sr—io sl 350 ;25T 0Bl o e
3 VRO g N | IR CE B U PR UL gRWRVS:
(S (S o 3y Shae 1 snat ;b Sy 5
S8l o (s S ol izpan 9 658
S o el Sl 5 (6520 !l (YY-TY) 0,lo Mo
Gk 3l gmae 0, Sloe Pl —ae glasl—
el izmen 5 (698 g el (S b Loag
Do oo Sy ol ogall Lol o SYedb a gl
s’-’L*—*“ua—’L"-’ed)—M‘\—’ﬁ)‘wL’MM‘
oa— oaly i ig—o Sle—r Jow o Il s
OB L (55l S Ssleg i (55 o]
et ke 45 Gl i s 50 ol (02 9 00y
| (Gl il 35—l o Lo 1955 yols s
oz 3l el Sl oaizmy Hltal S Jels 4yl
by St 5 (Sl ( Siddonsly Sl
s S el Ly as as el o5 ol 4y
sl plyely sloltal a Sl g 5o oae
53] 5 5l o il oS (3lsoliT oo
SaS iy e bl 4y 4 S oS o Jab |,
Sel jie (Sl sloog i @ Bly o (FY-TF) 0 s
i Jlsd slaaisS o ile ,de slrala wly ooz
slaasl g oyl &> slaawl Lo Sei (ROS)
ol S ey 45 995 o0 00T S 20 Al
S92 45 oSS i Lol S b 03 S
YY) 09-d oo cnl ol cBleie Slssl g el 45 e
A gl Slado Jolb as Lale oz OS] 01 (YO
Lo 9,9 Dae SYebo yols cws 5lan e cul
ST sl (FA) 3500 (58T ,tiite sl
G Sty Sy Sleg 5 (g5 ] Sl (25
el g3 on (a5l lae 5 4 st g S
3 e Sl S a3l Slsiis 5l LSS Se—uST
ol 3 el a6l Slsas asiles (Bl adsl
Silog S5t ol ploys Blaal (Sileg 5 (550
Sos—ST 5 Lagsys ,S1(F Y1) aes po fSis |,


http://shefayekhatam.ir/article-1-2576-en.html

W Gl pgn o)Lod qodjns 09

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

“0 e d
M
oualS kB-NF)kB- glai v ;o=S18 ,ve 53— ,b 31,
S ileg 5 (6o | 3 v el SO glaadllas o
o)_.o.;)_lbl.s.a ‘03; u_d)fj_la))o UBJ_’ L(buuj.c d_od
asals o las V=7 osgamxe yo |, ("NSS) (oae ol
Sl )_v.n )Lo‘_..u a Ja_..u}uo u_a....:] omoul_m.. as
L2og,5 a4 ;o yloj e i385 Ly NSS oI5 e (OA)
DeolS 0g > a s 0g > da o 3l Al S leeay
L ol o cs Sllgs sgpe (Jlo ol Lo ol 4zl
(pS9kS = p 5 (ke VO) il Sl 55V 590 L
sloa g Loa wslio w283 I 8 L a0 oo
30 =9I oy adia Log Ly Lo e
sl Sl L e yo (OA) asals i ¥ 55, g9,
Sl (prSshS = o5 (e YO) Sl 590 50
03— u_»...ui le_muuj.a O 6)10 G_LA u}La.a ol_‘>u‘
d_l..f...ug l_a 00— QLA)J 9 w‘;b] l_a QLA)Q S
OA) 55—5 (B ol 5l sy 59, YALS Y 0 Al
Jom Jlis an a5 LB u.._...ljfl.._w—l J—So o 5
) b slalie ol go8 Lagbee (9, — CHI
Y QH)T ‘(NSS) (—as TR —e O)_o.; ° u...u‘;l.._uj l_a
(FY0) ols (Las (ORT)" b s id fyg03 g Maze
09,5 |y o9 Sl 59— (NSS) mae ol 0,0l
o 09,5 Ly aslie )3 (63942 0595 Jsb )3(p S 9k
celw YT 5l as wlo flis ey €9, 5185 L Lo,
il aslsl 59, YA Jobo jo g 0l g4, CHI 5l sy
Do «dy B o u.».u‘;l.a_u] Sl i ((P>4/4Y)
o 59 V00 gleyd 5l e Jlie 3 NSS o (658
Lol g s3bs oLl P>/ 0) o, 5 ol CHI
Y UH)—l 9 (ORT) Ao i ‘;..J uam uﬁ_&)T )‘ ool
0953 Gl 3l el Sl 1929 (6l 1) (s 5o Maze
e S5t Jab y0 0,k glie L awslie yo ol5]
30 Og—po P<e/+YD 39, ¥ ;0 ORT) ols L5 CHI ;|
5 HSP J_.Esjf J(P<e G, YA LS Y ) MachY Sl
Ol Sl 5 e Gl plae o) Gl das]
sl Bl L ey i el 50 09yl ne

8 Early brain Injury

° Traumatic brain injury

1" Neurological severity score
' Object recognition test

Sri55 3 ot | CEBD e oy355 ol s BBB
o bidlors 5l oyl ol ialS (SAH) 4gg:Sie 5
Ol 698 GlonST ol cpols an il Sl wl oac
9bslS i385 (MDA) s sall 65 oyslle ials L
oa oold Cus Buse> sl Jus ,0 SOD 4 (GSH)
yob a4 Sl wl wivo in aslas S o () )l
5 =S5l HYOY ) 3l 55 sl 5l (s 08
=y g il oo 5wl 09 ) g o B
Cdto pdad Ly cpiliSl ] copioran (YP)0ls ials
sl ;o Hspa: ¢ Hspyy 0-HO  gp oyl
Cmgyme o5 s ilaenST Lyl SYSY-SH
(o=l (V22,5 058, |, (OGD) 5555551
15 ol e cliblos S5 AS 858 o dnl
Lo 5 o] ST T 0,51 L ONS gl o]
el 3wl SAH Jue ,0 EBI Jis asy ()« 0F)cl
) 5LES 59, 500mST 35 H PYNAD Ly Eiie j5bo 4y
(GST-a1) @)~ ;| iuil 5 =S y5—silislS ¢ 1-HO (NQO-1)
S ARE-NIfY ol ass Sl ST 2T pe 5,k 51,
odle .(V+) slo i als (59 gMRNA o s g0 , o
se—s | (g y—xe pol BBB Pl il Sl wl ool
A_.,quowd_;,,.a}g_ﬂ)ol)s,_@:o)_ﬂ.o.chU
5555 55 somtes G Syl aSnl a4z Ly (V)
s Sl 5 by il il S e Uiy EBI
i 45 ols Lyl 1) Bad g ARt zalas ¢y geasdly yohd
SAH Jlis ey ¥ 5L—uls 5 55yl o (2lS 4y
(oS e 6Lt iy el ] pioman
Sr=Sse L biye mas jotuml 5 iie plinlsls
39 C pg,S i ¢ Y-BelBax co—s ¥ 5LulS” a5 L 1)
S5 (O0) sy dg—ge SAH 5| Ly jxe (g9l i3
] 51 5l Uy leys a8 aizdly o o San
i3l 5 F oylass 00 1S S JiSes s ,Lge L SAH
o I s ez ol Bl oledlaly 51 s e
=l (OF) 08 (oo 6 S sl (A tlesl Ll o 4z
9 glaenST o il 1 ogdle bl i saas (L
Uhge Jome S 40wl ONS slacaw] jo Geug]
(A-MMP) A jlo_ciogllie S 5l ol Sl SAH
EEN RN PUIPI NG Sty
03ls s VB-IL 9 0-TNF ¢ JLsd gL IS5, S0 ((g39—ai
SRS s yriman 3 slacd, iy (V) as
eal o 1y (AQPs) aquaporins 4 (NKCCs) YCl/+K/+Na
O3, (TBD) "Sslog i (g5 (sldol (b o 5o
s il TBI s ay (BY) Gl 00,5
QY)Y ols jials B js0 &3L ,o |, NKCCI/AQPY
NKCCY ol oyl 3t oK ¢ Sl 4 i 4y



http://shefayekhatam.ir/article-1-2576-en.html

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

VFF lsls s 0lasds (v} 093

el Sl A s e ulools s glaadlle w3 5
ol GalS L 1, SCT s il slogaly a5 o
FalS Sl i sl g 9 V- jlienS Tl
Lo 5 JLlS (slasho (5l (V) oo
slaJoe ;o olpdl gl 51 L el o4 ol Sl
,9—S1 MAPK 55w Jlxd (YY) =5 5,5 4l> SCI
Sl2oni 1.5 ool l> Ly «(kB-NF) kB-glawe oy g
S (NLRPHY' sol> oy o opols (g9l asles 5
e &S C Wl ROS ooyl v J=Sw
5 S8l SCI J5 b o ol gl slog ol
Gyl s il Sl Wl 4 s asels s oS ea
axuls >lgs ;0 p38 MAPK (joodly jsad oS )0
0d—uS a8 (VYY) a2 oo Lis 995 51 SCI
NLRPY 3 kB-NF Ll oo JLiKew ;o cpsliSlul
ol 00 a5 ONS o by slag,lon 0 55
e R e R
Gl 5 Son Lyl NLRPY s MAPK osile sy
oy smae ol b allic o) usliFloul s
0d £g,h e a4 A4S gslalST o il (YY) we
)8 SCI S 5el5k wy) 45 (omtr (il g Sl oy
Sl3T sla Sl ol jo elds Loz o Jsl SOD (5Y)
QST g S8 s 05 o0 SCT (V) el y5nnST]
A B ST 5 ST LS5 sl
51 Ldes MDA oS a5 [ ROS olord Coaos
4oz o ROS alaly Ly o] (grlinSTy (2515
S i agil a0 sl STy 2 O O,
(YO) oo oo imsl38 1) ROS o Jgs o] slil o g 0uS oo
MDA 5 SOD gl ;s (uiliSbowl aho (i gl
Vo a S el eols s ol 5l e Y g, 50,
eSSl g Jlas ol
Sislw a S 050 o JYai—wl (VF) 9,18 SCI o sl >
oSl 5l cols sl Sl Wl a5 ) 84y pascis
Sladign sols uiliISlwl (YY) aidy so (guiod 0d
4S5 Sl 95575 JnS g 00 sLo 09,5 5 zed i a0
[,ROS 508 oo (gl 1) 0 ain 5T Iu_>5.o<x_>
Cd> sla 9, S Cda L 5,28l slaal L L%"-*—MA
3039250 sl ool an azgi L (VF) 0 co oy jloais
Ols—eds SIS s iz 0ad 0l Sl allas
o Jlesl sl S lnl sl slalasly slavisy
Ca* psa (YA) S o Joe 053 SlousT ol
o)_.:u) )L»—MJ?M J_a‘yGA NMDAR ‘_g)L..;‘_JLd 3 u:""l—’
S Ay poeie 9 0 G 3l ) 650 e (i
35— CNS (glacqu! ;5 ROS 5 )5 o g 5 (9,5
Sasb jeb an slSlw] aS crwl a g eIl (V)

12 Spinal cord injury
13 Nod-like receptor family pyrin domain-containing 3

(P s S b coog 5 oS SLaS igs

Solg> oy BB 5l S (SCD'T elss wlib el
SCI pias el 00,5 S o 1) Ll o)l a5 o]
MT )l ‘su.JL_J Q> .)L)._)9) Yoooon )‘ L)AA.—-&’ Yl w
Sleyo sloo ol oo o ol aes o F) s

S59995L SlopmaslSo (PP V) 5 10 0525 oS ,ge
d._l.als)b L._M:}a.(b 9 u_Bl.: L.}l_.w u_.w‘ od._.?b..: SCI
(EY-FY) 09— oo el o 00 4y Lo yg,65 ool s
oads oole s edlasST o il (ol s ol e jo
slonl adgl ol 5l e celw i o Lgas a8 el
g—lonST o il 5l sl o1 sl JISSol, Dg—s on
ALl il ((Fgmy OIS ol o) el wlgs oo
| Sl Gl yluls o Jld ‘50_».:)1.)3&.3]
G_.M:Ls IJleglj_)l debdﬁl_mj;bﬁ_.w@_.a:
w;;;ljfl;_,.ﬂ SCI ;o g 5lawnST o il ppo s 4y
] U USSR PR C SO L S U0 RO 2| i | B
SYob (S855 5 sl g ;00 510V ) Sl (5o
Bl g ez o, Srals el iy o glss Bas
dapoaﬁmp)odwls}_{ﬁ&»@ﬂ
S A e ddom Sl yigs slaolayg, L8l

slwo,90 .(FF) 053 o NOUON [ PR 1 g PO
olyed Ggre ()l el dame (Gl jigs 5 (oS
S sn el Joome ;3 5595 L (5T (el e
D g lanST o il el o ol Jsle lgeas g

OSae gl o il (ol ol (FY) 00,5 0 0 3l
6 id GlaSCI o painz p aie SO lgeds ol
(EN) 0SS Joe 05 ls (KbsS aS Slpl L auslie o

S 5 iyt Jab s 4 il e e o
o ool Lt (#) auss Lall |, gl sl L]

o dy (Y +) cml byl o L] slagenly Sy o0


http://shefayekhatam.ir/article-1-2576-en.html

W Gl pgn o)Lod qodjns 09

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

*. 24
M
‘) La ‘65)9)_..] ‘Sl_....'o \))_i.l.o.c u.o...b‘;l.._..uT aS ol ool
o=t JLd Sl ez B b a5 08 e 2Lt
o=l e Jls 0 S oo (5,5 9l> complex) mTOR
=Sl oyl Sl il as a9 L ggommo (o
e oS e iblone 151 S el gl ol Sl
ST T by 4S5 Uy g 5 S Jae
N eoar gl o0 1S o i i & el Sl
L2 e G5k 5l 1) 386 9 ol pols cws
(Y\) J_Qb‘sa UL..M.! SCI Ol—A)Q B Dd—xio gﬁ_ij}a

szla_.,.,.uflks';.‘;—l Sl eaimo sl id 4 S e ials
)JML».A 6)‘_..» o.b)_..‘f.é MT )I (5“"l_’ SCI 6|)_u S
iy ot Serspil cslapaiSe (V) il
JRICTIVIR BEVICI AR SRPSSRSC SRS [C PN RTINS
Syt 51 9 aiSu oo Sgnte ) A1 S s S L
Ms);&)&?io.” u_.....j 9 0)‘0 LS“',L‘_“J \b)_i.Lo.c o ‘5...._79
oSl Jmtdse Jome p3 1) e BN (L2Lg 8
Og—wbiolios a5 Jl> 0 a2 o yialS (MS) Jog
.\_:|o.>)5 L)“’)‘)j u‘)m 9 6)_73 SCI k)“5_'° JA_A o
ialS |, pYAMAPK-p 5 0-TNF NRYB ,l5l_l o5
Gl 00,28 Jaw Jlis anl) o8 > s 0, Sles
9 Ol S a5 a4 SCI JLsis g il Sl
(V) ols ials 4 iols3l |, ERK/ERK-p 3 AKT/AKT-p

BBB Ll as cwl ool Oldl goasine Slsllas o
9o QT u_uWMD 9 . A_Jl.a uw_»‘)ﬁ‘ J}—HS os)j l_:
J_Qéso ULMAJ ‘) ‘57;;)& 603_v..a 4_.?)\/)3))| 09)_?
Sg—te 45 olo Hlis 29,5 15 sl iUl e (YY)
3l 3929 (9l el S sl e 92 Lt s
5 oS > 0y, Slec 45 was o ol S Oladllas (YY)

| 5l s YA Y (slajs, 5l |, NMDAR (g5 JLas
2 (VT) 0,5 g8 pw slss amls Lao slabge jo
le (hye o Jsl> sl Jigo L anlie po (Jlo (e
el ysiad s (il Tl Ly yle,s coss SCI
QAP JREET Rt | Y J—B o b a |, AKT

g o el JLids a0 1 Gt gl oyl
eliie 5 L ol o, Sha gz S8 55 b o
Jlsb s i 5 08 e Lo s o (il
OliS (M) 05 pmae SIS o)Ll o
55> slang,s b eidliSliwl 4 culoa s
b ssml L iy o Sl ol 5 ot oe S5t
o595 (Ve AY) oo o oS glos ] o o
o S o lajluls g Bax) Y-Bel Ly g o X
Sl o sl nd eslansT ol 51 sl mas
Jsd a5 o oty B 55 b 4 Sl
-Bel sl mlas 5 00,5 Jlge |, ¥ 5Ll g Bax o
Yo 0 a5 jetailen .(AY) oo al58l 1, alMay. vet
o olllels 5l L NMDAR (g5l Jlad cois 58
AKT e 5 035 o ST ROS Sty g sy Jolo
I, ROS jLgo ;YL §SOD oo iols8l L ailes oo
A pslFlwl el A g > (AY) seas il
sbabge 5 |, NMDAR (65l Jld 4295 JB 5L
2 1 AKT 2o JlaSew 5 (YY) oS oo w55 —w SCI
S o (YY) oS oo Sl il Lo Jxe
Lo i s 00 a5l o5l Jy Sgo 0,035
—Sos bl ulS 5 Bax ROS (AKT L) NMDAR
e—as Sdadls Ol S oL 55 sl o cl
(V1) asb a sl B0 SCT s ,o ,o sl Sl

4 (ol <8b3b 018 il o5logl )Lt S o0
Sl .Ia_».vj.a CNS le_mé)Lo_u ).) 05)9_’ 6L§u 9 03—

il ay by o LCY Beclind slo iy (AY)
Dl pg59 il LSid gl ge sloonisS pas
ooyl 1 GBS ROS oo 5l i v o Jgi a5 Jls po
0 JLsb o 511 5855 s algicgo 5]
2959 0 Sloe Pzl Ll L,V mTOR LSS
&gl L iolidl Sldlas 5l golass (AQ) 0SS Jizes
SCI au Mo SUlgu o Sl layo Jlss as |,
(AF-AY) aslosls Lid ONS an bgo o slos,lons Lo
l_g QLA)Q s aS ‘juu.u}n ol 03)5 L» A—A.AAJLQ-A )
Uil LCY g Becliny gl o83 )18 - sliSlul
oltd opl pogdle ((AA) wisls ialS 1y pry Ly 5 asls


http://shefayekhatam.ir/article-1-2576-en.html

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

VFF lsls s 0lasds (v} 093

é;s_)_c ;4,_—“—3—@

5855 8 0l e e B e ot
Alg oo e dlga L SIS ,5 L pgons (220 0
ool g QST JLsd sladssS g b i eel,
A b e £y slaiis ol Ly o laps]
5 (ROS) 3aST JLtd sloadisS adgs (o Jolss poe
ol o Jld laalaly (33 G 5153 s (SlgSU
o ilanST sl el S5 o 0dali 5 ilpnS]
bl g ot Jsle S g0 (55l )0 il AL
)y Wl o0 (rrizmen 5_“-“" ))—i" sbo giis sl
Blae 5 5 ilonnST sl (A0) 0 a0 | (6,
@i sloanlp e Gladslw S, ()]
S g it st 53 b a5 ai e (St
Mo il 5 £g,5 10 iomen Ll (AF) S oo
ol Sl DS o0 OS5 S g 093 A .59_%-
5 SanS il o mitias 5l (el Sl
CAY) clools Ll oS > Saales Sg—e o PTZ
L5 oS 9+ BBB | o>, a ol oo ol Sl
A5 ISl ey s S50 bl e o
sl ay |, Slabisls Ll s o ials |, ROS
LAY 0 o w55y |y 5l NO e led 5 il o
9 S8 S Jo a0 miid (o2 B ok
(s—as gl 530 yonie “S—’»’L"bﬁlf Juas! a3l
o ol 5l oy (o sl Glasdlas jo 040 oo
AY) el als g el 4y el Sl
ob stz J 55l any Gl ol epdle
aS Jls ool ol 1 o sul g0 eJl s ROS
o] s ogdle AR+ o) ol LT3l | yesilislS b
¥ Sl e 5 € o5, Syt 55 (IS
o 5 S Laail oyl (08) 5,5 g cealSsum o
(&) y3mmilignS Ty il Ly el 4 e
=S50 s5asa] 0955 Sgos 5 5l oy
P 09795 O S Sl 1l 50 g eSS
sos Sl izman (V1) 9 o o biblns £, §f
sl Ly by Jalse ol i3Sl s
35Sl a5 AKE Lz 11, e e L Jol
S yo 1, V-Bel g oad aly o w8 V—5Ls sk
St |y omas Blals il wl o es o i3l
ol el 5 ool ial | o ilapnST oyl iy o
g 00 5100, 5 o S50 ;0 BDNF 4 CREB
51, GSH zhaus g sials |, MDA clale uil;St
doz  elSlTols GEnlidl e o 4 S Lo
295 e sl g )3 ) Yojle S ot JLsd g ooyt
et ] g s el ST S

CAY) ail Sglate e Ll 5 el s i
d.._.!bs‘ 00— OJ._.,.D-Q J.,..Q._M: obl_A )_Md )l QSMLJ ("E_JLU
S - B ST P W SUFEL SR VE- VI B W
Hlis S 09,5 L aolie ;o ol Slw] b leyo
sl o lei Ly asllas o> (AY) il oolo
ol o l) oS> sloyg,s ol Nissl o
yo—b a ailes,ST 555 g sy glsu ‘SQ.L..;—CLM
‘5_:5‘ ) S| O I l . u—*—“‘; [ “SLT
(V) oS oo Ll 1) SCT oo, o (s5l8gs! o 4
B ;LS g b bl g0 Loy sl oo 5
(MAPK) (5e—ico Ly oo Jlsd ;LS 554 5 (AKT)
oo (LC3) ¥ S 0y 9 V- jlenlS 20 JLiSKs
QA D IS PR UG .o POV I R { I RGO

sl Jled U aS crl g5k yaio (6lam Sy £
et s sl gl (el ( JLe (ylg—icay)
(AL i 4 (5 )30 ] 4555 0 Ly a5 g b e
5 Sl (SFES ) e Lol 9 555
Sgm op S 8 il SMe> 35c 3l S el
Sz Ll b | s plsd 5 iz 93 2 850 (1)
P (505 Oy )3 &2 9 9 Eg ‘\—;56")—5)')
4SSy o0 992 ol A e S8l o g Sl LS5 ]
sbas o cs o aSw ;5YL (Slgl 5 ouims ul—“-’
S mi el (G 09,5 (il 50 L ygess g (smas
el s (Y8 )5 )3 pp g (5095 )3 oo
w—as P SO g0 (YY) Cil sog—oe Lo
Sy iy S gt Ly 4 el (e
b S S b 5l asS (slno g it
alaz §) btz o 5Dle Wl o IS ol sl ke
W2 g g lign yols cws jlegol) e OS5, >
a3lil el g o ds cde (AF) 0§ ol
o ol olsel o ol oo adiste Jalge Lol ol
S sl o glol 5l (S 1S ol ails
R R PO PUPIENINE et
(5 e S  slacnl (g5 ae slacawl il
Sy oo (Smad (Si—ie SLpy5058 5 Gire slaigas
= aS el bigad; oSl ay b g o el
S5 s s ito s atile 0,05 o 5B ke 0
15 IS S Jaslie S S o s i3l ], s


http://shefayekhatam.ir/article-1-2576-en.html

W Gl pgn o)Lod qodjns 09

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

“0 e d
&
3B gl jl e jo st il Gioals
(Sle> sladae o 0S 6 F ol (o0 Slogis
MDA) s—adlls0yglle s ials el ol Sl
(SOD) 3gass ST py5s sl il o (2l3il 5
Ol Sl ul el oai (GPX) jlaSTy e—ulislS 4
Ssle ol sld e jlgee Lo 0 ilgi oo (izpon
el sl s wJy iels 9 NF-«B
e ol ) ac Ll IL-6 g TNF-0 ol
Slol =8 ials o ol oo ol as ol St
Ul a5l e ey slagit5 S
5 (Johw 00 (55,80l S5 0) 55 ml Gials Ly
e slpnl oy o Lagygs i il
=5 5 o=l S S ol (o e Slopid AL
Loyl Gl Sl Gl 5l ol oe iaren
Fio S8g,55,98 ,5S18) BDNF o_le S8 ,34,55
DS S8 Loy 5l 9 e 5 4 (5

1. Thijs RD, Surges R, O'Brien TJ, Sander JW.
Epilepsy in adults. The Lancet. 2019; 393: 689-701.

2. Beghi E. The
Neuroepidemiology.

of epilepsy.
185-91.

epidemiology
2020; 54.

3. Mahya S, Ai J, Shojae S, Khonakdar HA,
Darbemamieh G, et al. Berberine loaded chitosan
nanoparticles encapsulated in polysaccharide-based
hydrogel for the repair of spinal cord. International
Journal of Biological Macromolecules. 2021; 182: 82-90.

4. Iranpour S, Nejati V, Delirezh N, Biparva P,
Shirian S. Enhanced stimulation of anti-breast cancer
T cells responses by dendritic cells loaded with
poly lactic-co-glycolic acid (PLGA) nanoparticle
encapsulated tumor antigens. Journal of Experimental
& Clinical Cancer Research. 2016; 35: 1-11.

5. Afsartala Z, Hadjighassem M, Shirian S, Ebrahimi
Barough S, Gholami L, et al. The effect of collagen
and fibrin hydrogels encapsulated with adipose
tissue mesenchymal stem cell-derived exosomes
for treatment of spinal cord injury in a rat model.

Iranian Journal of Biotechnology. 2023; 21: e3505.

6. Blennow K, Brody DL, Kochanek PM, Levin
H, McKee A, et al. Traumatic brain injuries.
Nature Reviews Disease Primers. 2016; 2: 1-9.

7. Nishida Y, Berg PC, Shakersain B, Hecht K,
Takikawa A,
and future.

et al. Astaxanthin: past, present,

Marine Drugs. 2023; 21: 514.

8. Dose J, Matsugo S, Yokokawa H, Koshida Y,

@5 g5 1 T S ey il
e L g L e e
s ples Gl izmen S 5 ol oo | o slaST]
it e el alS 3 3l e a5 e e
s 3l CdBdle (gl 0g—all cols S leie A
S o 9 48,5 15,5 (ONS) (555 o (st
d= 5 5, slomis L aS el pmae Pz
Pl g gt i 0900 st (S by
ol 5l sl slacawl a0 oIS Jwlse 5l
o] ien o wa —as Slauls 9 gl
e diilyia (SC) el 5 (TBI) (s ie Sileg 5
Wgd Sawe SYeb g a b ac ISl A
L ailgs so Sl A S aslosls lis ol slllas

&L
Okazaki S, et al. Free radical scavenging and cellular
antioxidant properties of astaxanthin. International
Journal of Molecular Sciences. 2016; 17: 103.

9. Masoudi A, Jorjani M, Alizadeh M, Mirzamohammadi
S, Mohammadi M. Anti-inflammatory and antioxidant
effects of astaxanthin following spinal cord injury in a rat
animalmodel. BrainResearchBulletin.2021;177:324-31.

10. Fakhri S, Yosifova Aneva I, Farzaei MH,
Sobarzo-Sanchez E. The
effects of astaxanthin: therapeutic targets and
clinical perspective. Molecules. 2019; 24: 2640.

neuroprotective

11. Aquila G, Marracino L, Martino V, Calabria D,
Campo G, et al. The use of nutraceuticals to counteract
atherosclerosis: the role of the notch pathway. Oxidative
Medicine and Cellular Longevity. 2019; 2019: 5470470.

12.  Higuera-Ciapara I,  Félix-Valenzuela L,

Goycoolea FM. Astaxanthin: a review of its
chemistry and applications. Critical Reviews in

Food Science and Nutrition. 2006; 46: 185-96.

13. Elbahnaswy S, Elshopakey GE. Recent progress
in practical applications of a potential carotenoid
astaxanthin in aquaculture industry: a review. Fish
Physiology and Biochemistry. 2024; 50: 97-126.

14. Brotosudarmo TH, Limantara L, Setiyono
E, Heriyanto. Structures of astaxanthin and their
consequences for therapeutic application. International

Journal of Food Science. 2020; 2020: 2156582.

15. Kumar S, Kumar R, Diksha, Kumari A,


http://shefayekhatam.ir/article-1-2576-en.html

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

VFF lsls s 0lasds (v} 093

Sosy—= dlza

ARR

Panwar A. Astaxanthin: a super antioxidant from
Journal
1064-82.

microalgae and its therapeutic potential.

of Basic Microbiology. 2022; 62:

16. Pereira CP, Souza AC, Vasconcelos AR, Prado PS.
Antioxidant and anti-inflammatory mechanisms of
astaxanthin in cardiovascular diseases. International
Journal of Molecular Medicine. 2021; 47: 37-48.

17. Alugoju P, Krishna Swamy VK, Anthikapalli
NV, Tencomnao T. Health benefits of astaxanthin
against age-related diseases of multiple organs:
a comprehensive review. Critical Reviews in

Food Science and Nutrition. 2023; 63: 10709-74.

18. Chang MX, Xiong F. Astaxanthin and its effects

in inflammatory responses and inflammation-
advances  and

2020; 25: 5342.

associated diseases: recent

future directions. Molecules.

19. Si P, Zhu C. Biological and neurological activities
of astaxanthin. Molecular Medicine Reports. 2022;26

20. Abdelazim K, Ghit A, Assal D, Dorra N,
Noby N, et al
use of astaxanthin

Production and therapeutic
in the nanotechnology era.
2023; 75:  771-90.

Pharmacological ~ Reports.

21.Santonocito D, Raciti G, CampisiA, Sposito G, Panico
A, et al. Astaxanthin-loaded stealth lipid nanoparticles
(astaxanthin-SSLN) as potential carriers for the treatment
of Alzheimer’s disease: formulation development

and optimization. Nanomaterials. 2021; 11: 391.

22. Rodella U, Honisch C, Gatto C, Ruzza P,
D’Amato  Toéthova .
strategies in the prevention of oxidative stress
15: 2283.

Antioxidant nutraceutical

related eye diseases. Nutrients. 2023;

23. Doshmanziari M, Shirian S, Kouchakian MR, Moniri
SF, Jangnoo S, et al. Mesenchymal stem cells act as
stimulators of neurogenesis and synaptic function in a rat
model of Alzheimer’s disease. Heliyon. 2021; 7: ¢07723.

24. Shahverdi M, Sourani Z, Sargolzaie M, Modarres
M, Shirian S. An
the effects of water- and fat-soluble vitamins in

Mousavi investigation into
Alzheimer’s and Parkinson’s diseases. Neuroscience

Journal Shefaye Khatam. 2023; 11: 95-109.

25. Shahverdi Shahraki M, Sourani Z, Behdarvand
F, Modarres Mousavi M, Shirian S. The potency of
biomarkers for the diagnosis and treatment of Parkinson’s
disease. Neuroscience

disease and Alzheimer’s

_i Journal Shefaye Khatam. 2022; 10: 91-103.

26. Lotfi A, Abroodi Z, Khazaeci M. Biological

activities of astaxanthin in the treatment of

neurodegenerative diseases. Neurodegenerative

Disease Management. 2024, 14: 241-56.

27. Che H, Li Q, Zhang T, Wang D, Yang L, et
al. Effects
acid-acylated astaxanthin on Alzheimer's
in APP/PS1 double-transgenic mice. Journal of
Agricultural and Food Chemistry. 2018; 66: 4948-57.

of astaxanthin and docosahexaenoic-
disease

28. Patel AK, Tambat VS, Chen CW, Chauhan
AS, Kumar P,
astaxanthin production from microalgae: a review.
2022; 364:  128030.

et al. Recent advancements in

Bioresource  Technology.

29. Capelli B, Bagchi D,
Synthetic astaxanthin is

Cysewski  GR.
significantly inferior to

algal-based astaxanthin as an antioxidant and
may not be suitable as a human nutraceutical

supplement.  Nutrafoods.  2013;  12:  145-52.

30. Stachowiak B,
the food

P. Astaxanthin for
2021; 26: 2666.

Szulc
industry. Molecules.

31. Ahmed S, WVenigalla H, Mekala HM, Dar
S, Hassan M, et al. Traumatic brain injury and

Journal
114-21.

neuropsychiatric ~ complications.  Indian

of Psychological Medicine. 2017; 39:
32. Schweitzer AD, Niogi SN, Whitlow CT, Tsiouris
AJ. Traumatic brain injury: imaging patterns and
complications. Radiographics. 2019; 39: 1571-95.
33. Ladak AA, Enam SA, Ibrahim MT. A review
of the molecular mechanisms of traumatic brain

injury. World Neurosurgery. 2019; 131: 126-32.

34. Thapa K, Khan H, Singh TG, Kaur A. Traumatic
brain injury: mechanistic insight on pathophysiology
and potential

therapeutic  targets. Journal of

Molecular  Neuroscience. 2021; 71: 1725-42.

35. Mira RG, Lira M, Cerpa W. Traumatic

brain injury: mechanisms of glial response.
Frontiers in  Physiology. 2021; 12: 740939.
36. Fesharaki-Zadeh ~A. Oxidative stress in
traumatic  brain  injury. International  Journal
of Molecular  Sciences. 2022; 23: 13000.
37. Rodriguez-Rodriguez A, Jose Egea-

Carrillo-Vico
injury.
1201-11.

Guerrero J, Murillo-Cabezas F,
A. Oxidative stress in traumatic brain
Current Medicinal Chemistry. 2014; 21:


http://shefayekhatam.ir/article-1-2576-en.html

W Gl pgn o)Lod qodjns 09

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

“0 g4
M
38. Ma J, Zhang K, Wang Z, Chen G. Progress of

research on diffuse axonal injury after traumatic
brain injury. Neural Plasticity. 2016; 2016: 9746313.

39. Jafarimanesh MA, Ai J, Shojaei S, Khonakdar
HA, Darbemamieh G, et al. Sustained release of
valproic acid loaded on chitosan nanoparticles
within hybrid of alginate/chitosan hydrogel with/
without stem cells in regeneration of spinal cord
injury. Progress in Biomaterials. 2023; 12: 75-86.

40. Graham NS, Jolly A, Zimmerman K, Bourke
NJ, Scott G, et al. Diffuse axonal injury predicts
neurodegeneration after moderate—severe
traumatic brain injury. Brain. 2020; 143: 3685-98.

41. Howlett JR, Nelson LD, Stein MB. Mental
health consequences of traumatic brain injury.

Biological ~ Psychiatry. 2022; 91: 413-20.

42.  Khellaf A, Khan DZ, Helmy A.
Recent advances in traumatic brain injury.
Journal of Neurology. 2019; 266: 2878-89.

43. Fleischmann C, Shohami E, Trembovler V, Heled
Y, Horowitz M. Cognitive effects of astaxanthin
pretreatment on recovery from traumatic brain
injury. Frontiers in Neurology. 2020; 11: 999.

44. Conti F, McCue JJ, DiTuro P, Galpin AlJ,
Wood TR. Mitigating traumatic brain injury:
a narrative review of supplementation and
dietary protocols. Nutrients. 2024; 16: 2430.

45. Lim KC, Yusoff FM, Shariff M, Kamarudin
MS. Astaxanthin as feed supplement in aquatic
animals. Reviews in Aquaculture. 2018; 10: 738-73.

46. Wang T, Liu Y, Zhou Y, Liu Q, Zhang Q, et al.
Astaxanthin protected against the adverse effects induced
by diesel exhaust particulate matter via improving
membrane stability and anti-oxidative property.
Journal of Hazardous Materials. 2023; 456: 131684.

47.Sztretye M, Dienes B, Gonczi M, Czirjak T, Csernoch
L, et al. Astaxanthin: a potential mitochondrial-targeted

antioxidanttreatmentindiseasesandwithaging. Oxidative
Medicine and Cellular Longevity. 2019; 2019: 3849692.

48. Qiu X, Fu K, Zhao X, Zhang Y, Yuan Y,
et al. Protective effects of astaxanthin against
ischemia/reperfusion induced renal injury in mice.
Journal of Translational Medicine. 2015; 13: 28.

49. Tublu S, Barua S, Kashyap P, Barua NC, Kalita
J, et al. Astaxanthin ameliorates oxidative stress and

neuronal apoptosis in an MPTP-induced Parkinson’s
disease mouse model via Nrf2/HO-1 signaling.
Molecular  Neurobiology. 2024; 61: 3613-27.

50. Nouchi R, Suiko T, Kimura E, Takenaka H,
Murakoshi M, et al. Effects of lutein and astaxanthin
intake on the improvement of cognitive functions
among healthy adults: a systematic review of
randomized controlled trials. Nutrients. 2020; 12: 617.

51. Dukay B, Csoboz B, Toéth ME. Heat-
shock proteins in
Frontiers in  Pharmacology. 2019; 10: 920.

neuroinflammation.

52. Saxena SK, Sharma D, Kumar S, Maurya VK, Ansari
S, et al. Decoding the role of large heat shock proteins
in the progression of neuroinflammation-mediated
neurodegenerative disorders. Neuroprotection. 2025.

53. San Gil R, Ooi L, Yerbury JJ, Ecroyd H. The
heat shock response in neurons and astroglia
and its role in neurodegenerative  diseases.
Molecular  Neurodegeneration. 2017; 12:  1-20.

54. Masoudi A, Dargahi L, Abbaszadeh F, Pourgholami
MH, Asgari A, et al. Neuroprotective effects of
astaxanthin in a rat model of spinal cord injury.
Behavioural Brain Research. 2017; 329: 104-10.

55.WangY,LiuY,LiY,LiuB, WuP,etal. Protective effects
of astaxanthin on subarachnoid hemorrhage-induced
early brain injury: reduction of cerebral vasospasm and
improvement of neuron survival and mitochondrial
function. Acta Histochemica. 2019; 121: 56-63.

56. Zhang X, LuY, Wu Q, Dai H, Li W, et al. Astaxanthin
mitigates subarachnoid hemorrhage injury primarily by
increasing sirtuin 1 and inhibiting the Toll-like receptor 4
signaling pathway. The FASEB Journal. 2019;33:722-37.

57. Zhang M, Cui Z, Cui H, Cao Y, Wang Y, et al.
Astaxanthin alleviates cerebral edema by modulating
NKCC1 and AQP4 expression after traumatic brain
injury in mice. BMC Neuroscience. 2016; 17: 1-9.

58.JiX,PengD,Zhangy,ZhangJ,WangY,etal. Astaxanthin
improves cognitive performance in mice following mild
traumatic brain injury. Brain Research. 2017; 1659: 88-95.

59. Fleischmann C, Shohami E, Heled Y, Horowitz
M. Astaxanthin and olive oil pretreatment
improves recovery of motor and cognitive skills
in a closed head injury TBI model in male Sabra

mice. The FASEB Journal. 2018; 32:

Y
60. Ahuja CS, Wilson JR, Nori S, Kotter M, I.

877.1. um—


http://shefayekhatam.ir/article-1-2576-en.html

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

VFF lsls s 0lasds (v} 093

Sosy—= dlza

Druschel C, et al. Traumatic spinal cord injury.
Nature Reviews Disease Primers. 2017; 3: 1-21.

61. Eckert MJ, Martin MJ. Trauma: spinal cord injury.
Surgical Clinics of North America. 2017; 97: 1031-45.

62. Anjum A, Yazid MD, Fauzi Daud M,
Idris J, Ng AM, et al. Spinal cord injury:
pathophysiology, multimolecular interactions, and
underlying recovery mechanisms. International
Journal of Molecular Sciences. 2020; 21: 7533.

63. Alizadeh A, Dyck SM, Karimi-Abdolrezace
S. Traumatic spinal cord injury: an overview
of pathophysiology, models and acute injury
mechanisms. Frontiers in Neurology. 2019; 10: 282.

64. Leyane TS, Jere SW, Houreld NN. Oxidative
stress in ageing and chronic degenerative pathologies:
molecular mechanisms involved in counteracting
oxidative stress and chronic inflammation. International
Journal of Molecular Sciences. 2022; 23: 7273.

65. Streijger F, So K, Manouchehri N, Tigchelaar S,
Lee JH, et al. Changes in pressure, hemodynamics,
and metabolism within the spinal cord during the
first 7 days after injury using a porcine model.
Journal of Neurotrauma. 2017; 34: 3336-50.

66. Kalogeris T, Baines CP, Krenz M,
Korthuis RIJ.
Comprehensive  Physiology.  2016;  7:  113.

Ischemia/reperfusion.

67. Jurcau A, Ardelean Al Oxidative stress in
ischemia/reperfusion  injuries  following  acute
ischemic stroke. Biomedicines. 2022; 10: 574.

68. Chio JC, Punjani N, Hejrati N, Zavvarian
MM, Hong J, et al. Extracellular matrix and
oxidative stress following traumatic spinal cord
injury: physiological and pathophysiological roles
and opportunities for therapeutic intervention.
Antioxidants & Redox Signaling. 2022; 37: 184-207.

69. Greenhalgh AD, David S, Bennett FC. Immune
cell regulation of glia during CNS injury and disease.
Nature Reviews Neuroscience. 2020; 21: 139-52.

70. Kidd GJ, Ohno N, Trapp BD. Astaxanthin
enhances myelination and reduces oxidative stress in
a cuprizone-induced mouse model of demyelination.
Journal of Neurochemistry. 2020; 154: 453-67.

71. Hussain T, Tan B, Yin Y, Blachier F, Tossou
MC, et al. Oxidative stress and inflammation: what

ANl polyphenols can do for us? Oxidative Medicine

and Cellular Longevity. 2016; 2016: 7432797.

72. Abbaszadeh F, Jorjani M, Joghataei MT, Raminfard
S, Mehrabi S. Astaxanthin ameliorates spinal cord
edema and astrocyte activation via suppression of
HMGBI/TLR4/NF-kB signaling pathway in a rat
model of spinal cord injury. Naunyn-Schmiedeberg's
Archives of Pharmacology. 2023; 396: 3075-86.

73. Fakhri S, Dargahi L, Abbaszadeh F, Jorjani
M.  Astaxanthin  attenuates  neuroinflammation
contributed to the neuropathic pain and motor
dysfunction following compression spinal cord
injury. Brain Research Bulletin. 2018; 143: 217-24.

74. Ighodaro OM, Akinloye OA. First line defence
antioxidants-superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPX): their
fundamental role in the entire antioxidant defence grid.
Alexandria Journal of Medicine. 2018; 54: 287-93.

75. Morales M, Munné-Bosch S. Malondialdehyde: facts
and artifacts. Plant Physiology. 2019; 180: 1246-50.

76. Abbaszadeh F, Jorjani M, Joghataei MT, Mehrabi S.
Astaxanthinmodulatesautophagy,apoptosis,andneuronal
oxidative stress in a rat model of compression spinal cord
injury. Neurochemical Research. 2022; 47: 2043-51.

77. Nair A, Ahirwar A, Singh S, Lodhi R, Lodhi
A, et al. Astaxanthin as a king of ketocarotenoids:
structure, synthesis, accumulation, bioavailability and
antioxidant properties. Marine Drugs. 2023; 21: 17.

78. Davinelli S, Saso L, D’Angeli F, Calabrese V,
Intrieri M, et al. Astaxanthin as a modulator of Nrf2,
NF-xB, and their crosstalk: molecular mechanisms and
possible clinical applications. Molecules. 2022; 27: 502.

79. Baev AY, Vinokurov AY, Novikova IN, Dremin VV,
Potapova EV, et al. Interaction of mitochondrial calcium
and ROS in neurodegeneration. Cells. 2022; 11: 706.

80. Khatri N, Thakur M, Pareek V, Kumar S,
Sharma S, et al. Oxidative stress: major threat
in traumatic brain injury. CNS & Neurological
Disorders - Drug Targets. 2018; 17: 689-95.

81. Shirian S, Ebrahimi-Barough S, Saberi H,
Norouzi-Javidan A, Mousavi SM, et al. Comparison of
capability of human bone marrow mesenchymal stem
cells and endometrial stem cells to differentiate into
motor neurons on electrospun poly(e-caprolactone)
scaffold. Molecular Neurobiology. 2016; 53: 5278-87.

82. Gur C, Kandemir FM, Caglayan C, Satict E.


http://shefayekhatam.ir/article-1-2576-en.html

[ Downloaded from shefayekhatam.ir on 2025-09-03 ]

W Gl pgn o)Lod qodjns 09

“0 ol
M
effects
paclitaxel-induced hepatotoxicity and nephrotoxicity

Chemopreventive of hesperidin against

via amendment of Nrf2/HO-1 and caspase-3/
Bax/Bcl-2 signaling pathways. Chemico-
Biological  Interactions. 2022; 365: 110073.

83.ValdivielsoJM, Eritj aA,CausM, BozicM. Glutamate-
gated NMDA receptors: insights into the function and
signaling in the kidney. Biomolecules. 2020; 10: 1051.

84. Stavoe

in  neurons.

AK, Holzbaur EL. Autophagy
Review of Cell and
2019; 35:  477-500.

Annual

Developmental ~ Biology.

85. Zhou J, Li XY, Liu YJ, Feng J, Wu Y, et al. Full-
coverage regulations of autophagy by ROS: from
induction to maturation. Autophagy. 2022; 18: 1240-55.

86. Lee D, Hong JH. Niemann-pick disease type
C (NPDC) by mutation of NPCl and NPC2:
aberrant trafficking and
2023; 12: 2021.

lysosomal  cholesterol

oxidative stress. Antioxidants.

87. Zhang J, Ding C, Zhang S, Xu Y. Neuroprotective
effects of astaxanthin against oxygen and glucose

deprivation damage via the PI3K/Akt/GSK3p/
Nrf2 signalling pathway in vitro. Journal of Cellular
and Molecular Medicine. 2020; 24: 8977-85.

88. Wen X, Huang A, Hu J, Zhong Z, Liu Y, et al.
Neuroprotective effect of astaxanthin against glutamate-
induced neurotoxicity in HT22 cells via the Nrf2/HO-1
pathway. Neuroscience Letters. 2020; 735: 135162.

89. Fathallah S, Abdellatif A, Saadeldin MK. Unleashing
nature’s potential and limitations: exploring molecular
targeted pathways and safe alternatives for the treatment
of multiple sclerosis. Medicine International. 2023; 3: 42.

90. Elbandy M. Anti-inflammatory effects of marine
bioactive compounds and their potential as functional
food ingredients in the prevention and treatment of
neuroinflammatory disorders. Molecules. 2022; 28: 2.

91. Kwatra B, Hussain MS, Bhowmik R, Manoharan
S. Reviewing therapeutic and immuno-pathological
applications ~ of  vitamins and  carotenoids.
International ~ Journal —of  Scientific ~ Research

in Science and Technology. 2020; 7: 287-313.

92. Zhang XS, Zhang X, Wu Q, Li W, Zhang QR, et
al. Astaxanthin alleviates early brain injury following
subarachnoid hemorrhage in rats: possible involvement
of Akt/bad signaling. Marine Drugs. 2014; 12: 4291-310.

93. Fisher RS, van Emde Boas W, Blume W, Elger
C, Genton P, et al. Epileptic seizures and epilepsy:
definitions proposed by the International League
Against Epilepsy (ILAE) and the International Bureau
for Epilepsy (IBE). Epilepsia. 2005; 46: 470-2.

94. Shin EJ, Jeong JH, Chung YH, Kim WK, Ko KH,
et al. Role of oxidative stress in epileptic seizures.

Neurochemistry International. 2011; 59: 122-37.

95.GeronziU,LottiF,GrossoS.Oxidativestressinepilepsy.
Expert Review of Neurotherapeutics. 2018; 18: 427-34.

96. Pearson-Smith JN, Patel M. Metabolic dysfunction
and oxidative epilepsy.
Journal of Molecular Sciences. 2017,

International
18: 2365.

stress  in

97. Abdulgader YA, Kawy HS, Alkreathy HM,
Rajeh NA. The potential antiepileptic activity of
astaxanthin in epileptic rats treated with valproic acid.
Saudi Pharmaceutical Journal. 2021; 29: 418-26.

98. Wang X, LiH, Wang G, He Z, Cui X, et al. Therapeutic
and preventive effects of astaxanthin in ischemic
stroke. Frontiers in Nutrition. 2024; 11: 1441062.

99. Aminullah Y, Naftali Z, Santosa D, Prajoko YW,
Azam M, et al. Boosting antioxidant defense: the
effect of astaxanthin on superoxide dismutase and
malondialdehyde reduction in patients with head and
neck cancer receiving cisplatin chemotherapy. Asian
Pacific Journal of Cancer Prevention. 2024; 25: 3741.

100. Wang Y, Liu Y, Li Y, Liu B, Wu P, et al. Protective
effects of astaxanthin on subarachnoid hemorrhage-
inducedearlybraininjury:reductionofcerebral vasospasm
and improvement of neuron survival and mitochondrial

function. Acta Histochemica. 2019; 121: 56-63.

101. Madireddy S, Madireddy S. Therapeutic strategies
to ameliorate neuronal damage in epilepsy by regulating
oxidative mitochondrial

stress, dysfunction, and

neuroinflammation. Brain Sciences. 2023; 13: 784.


http://shefayekhatam.ir/article-1-2576-en.html
http://www.tcpdf.org

