[ Downloaded from pajoohande.sbmu.ac.ir on 2025-07-16 ]

VYAFIVIYE allie cdly o g s (hie Seted (K3, pole olSils cdagyy alane) oaingyy
YA 1 YOF Gloio AVF )00 & 0 lad o2 5 Canmr JLus
VYA0 a5 ot

. s e fea . " 2 & - o sl
"l dagane 150 L olj el 4abl ! 5)58 Sl 255
Q‘ﬁ‘ EO‘).QH“ SN ERWIV C}S.o.u).’ f’?lc olXKidls sc;».u).’ oasiisls 639J55L°)l5 ojjf ‘63919§L")15 gaas 6‘;‘50 69’.‘:‘"“5 A

Ol e AT s Dty (Ko pale oKty «(55lgmg 595 Dlandond 35 0 ¢ Sigly
Ol e i dapels (S pole olKails (658l g ,98 Dliind S e g (Sl 0aSLLlS (538065 Lo )8 09 3 Sl Y

oS>

sl e s ikizes BT 5 00 S Syjelpns dled I (o58 siniia 5 ST S 5 Ky olsie 4y (AST) syl
5 53am] o e aledl 0l Sl s e s w5 cliblone 3 AST LUl 1 e 53b; sy sl Slalllan ozl oo
Og—inS b (o eSitile el 6 )len 50 (omas il Lds> L g ogage 50 ol @UE 5u g SlawaST (T sla S
ol el 03591 @l 3 1) (60 b s e Jie Jlg 5 ol laaaml dog 5 51 (250 sl (ALS) iy psnel (ol 59,0501
mae sl 16 iy 9 loyd o |y cuS 5 pl (03, a5 AST Jg,95 0aisS wdiablne 51 o ls 8l (55950 sAllio
@l Jiml wals 5 (G5 oS cliblre oS 3 Sy plsre 4 AST Joe lapucilSe & (izpon alie (nl )0 55lucs 7 5kas

Al dales a1y 0u1,3509,85 Slos Lo Loy

553153599, S5 Lo (S99 CBlix (elilnl s gadS (53l

damled sliwl 55 & g0 4y alis oyl Ae:Lb.bJ
Fakhri S, Abbaszadeh F, Jorjani M. Astaxanthin as a potent neuroprotective agent. Pejouhandeh 2017;21(6):356-363.

slaShy dhox 5l oS5 (nl (Sjslom lacadlad 142) dodie
Sl G el OF (Sa3slsied sloo Slas o (Sl ] cle 4y oSl Slyss LaSe S (AST) cpili]

oh9e) BaSsx g bty 5 plale ;0 A ey i 5590 (omioa] i Casi (sl YU jlony Sl 25T 31
JoSe S glye an oS 5 ml g b B (2l e stbons L Ll 4y oS 5 ol 9,65 oo 3 oolici
o2l Jlo e D) 285 S il e e S5, LAV (952 50 Jsloe wdgids 5 (ST S

Sl opliliwl gles p)l5 i) o slos s Slibss
55 AST .(VY) el plssil Jls jo ol codls Laa>

Crio 53 () S 5 Gr et Ol a5 Sl (200
ol (F-0) wl o jleds 4 bz 3 5 o plale 43355

Lapy S gd dapunil g Soe 51 (iliza glgil jo (ando Sy a8 aiils 5las o Ll ol 4y gloolgils 4y oS 5
(Ogedlw aiile Jae laie 4y oolaiwl 5,50 oL yo Slogzge el Boes 5 aims o LSt |, laadsis oI5 5l Lol 0g,8
Sz ple dole)s Sl ooyl ¥ % (CA) otliLls (BC) ciiligin SD (AS) el
3 eS shai 53 Lo 2S L plalS oS YT U35 (oale 2 o AST (#) szl e (ZE) il o (LU) o)
Chlorococcum Chlorella zofingiensis sl lagz 1 oo ke (slocens b (655 yogil dus (sl onaeds
JEENDIN 2 Agrobacterium  aurantiacum .sp. 3 Sy s 5 sl Ygome o] St g4 45 >
Alg—ze 4y YL 8) Xanthophyllomyces dendrorhous (V) atb e VY5 s | 35,308: 3R,30S: 3R 30R
A F) 058 oo il (ab oo as-Ls Phaffia rhodozyma S oSan 5 ymsS bawgi VAYA Lo yo b cdsl &5
PL o Srlzfee (295 o7 al el e (VP e ) 6}—3"—‘&—.’) Sl g ol el oo S

S a5 o3l (V) Haematococcus pluvialis Jlo o 25,5 15 ealital 3,50 i) hale by

0aS_zils (555955 Lo b 05,5 1 ilr 1 daguane ;15 1LilSo Johuno 00 tumsgit

2 e adg 1) ulibw] 51 eols ) by palie YU 5 s et (Kb pole ol (g3l i 50 5 Sy
(\/\‘\(bﬁ) L“us):i" Gy YV YYEYNEYYE 2 plas (YY) YYEYAVEA 10l <o) 5]

msjorjani@sbmu.ac.ir


http://pajoohande.sbmu.ac.ir/article-1-2458-en.html

[ Downloaded from pajoohande.sbmu.ac.ir on 2025-07-16 ]

VA0 aiiul 5 age N )5 F o lad

Ay gy o S3slsSlo )b os slapansilSis L ol o

RWARTY PP

oeililiw] Ggye cladloe ol S

— o9 dw a4 AST a5 el sals ylas Slalas
Algs oS 5 l B ogdioo cge el (al g 00,8 j5ue (5530
905 e S g poie Lol ;lp o], e
ST 5] lacalla dasy o 55 4 gl il
ool Sl Ol b 5 isuml ao (el 0o
(F0) sl ansls i eas cladlxs ;0 AST

s el A ol 13 5 63550 (sras s 5
CAL-IB) L V=S o il sl L Sod 2l gls
(TNF-0) 0L ;525138 55,55 ;55 5 (IL-6) #2591 i
o=t Jld s aile elas STy iz 5 Wb so il
o Vo S o] ] ale s aitla b a5 Il o
s gt cal 335 o s505m el Sl 3 Slac it
So o syl eul g olgddl slogly 59,0 0 g0 S
IL-1B olje AST L oad jles ole slo g o s
5 MeLS lazme 5 50 4l 90 ;8 50 (5)lodne 5kt
5o el ools las iuldl azes BB jebas IL-10 o5
el L osds o 5 sloige qulSgmn 50 o5 J1>
(F7) 28l ioljdl s bobae jgbas IL-10 g IL-1B l5e

Noag,5e +10-0 cbale s AST (Koo glaallas o
el il 5 (e Jplo Cliblre Crge S32 O 5
Collad o s 5 00,8 (H202) 0Ty 59,000 51 (G20
S 5 (AP) Ly agleal 0y sl o 1) Sgy98 cblex
AR Ly oot Wl PCI2 wiils 3l (sla ok sl
311, PC12 asils ol slo sl AST 5 ,Le 4y ol la
bl il 8l (H202) § JSgjoun sl LS00,
¥ 5 (51 gl sl e Y oo tilaos
5H20; 51 (3 slocl ply 30 medS g2 Ol 2 S
L ogboe czge Lo Sy ol les oo cliblne AB
L (FV) il Sgy9 cdadlxs ;o osilly Jously (glyls AST
et Ol 31 el ol o AST Jos pilSs Jl> 0l
i Jind Gy 31 Wilg5 e S 5 ol codh ol lalllas
obe NIF2 e L ERK/P33MAPK LK (sl ynns
Loy polasa s Lall, (HO-1) V- L5 ST oo

o] S3glaas

s e ) il 5l a5 B ja0lie o 5l
5 b §3e Slge (sl Lo il b (nl b s oo
S35 G=iS dn ;e WSl jw slaan o (559 YL
ol gl 5 adys 6m Yo o 0 ;58 ab wlic
Lo b §l gl 5Ll AST VATV sl 00 5
il e loadeids IS 4 Lo e (Sujelen s o (Selalie
S S shlo 092 (JgSge JiSlw Jds am (S
Sl (VT il oo 5 polaisl olond sla Sy
plw as Ca b AST a5 ales, 5 513§ Slalllas
QOA) 3513 (Vb ogdll (Sujglom collad landyiss

Sl 51 0 e asloacds o155 AST (ol a5 il
295 lp 50 Sy g iy lalle (VY 4) leillas
g0 clio 0o (YPYD) jongi as (YY) Lian (glysle
13 95l5 (TA) alb ouisS cliblns (gla S5 (sl (YY)
sba o glyl pin (Gl phuc slagsslon 5l (>0
YO YL a5 jlad ol glanaST slocel 4 by
cde s e oyl A5 (V) VoSl ygamil g oF) Ll
Vooo L) ee aS coal o] 58 olapnST 5T claclad
SO il e sleardisnd laS 5 ple 5 5YL il
6o bl Bl 4 s e el dpke ST Ky
o dTD) S 5re 5 Shos g abibls (55, 11 obe I3 (YF)
NI IRUPSCAINE Y0 22 WP LUV SO D JRVE VIR 8
Wawgy Codhw ol 331 (FV) LDL gnloensT SousS Lo
e Ll e
sdns n35 Hlo,yo/ (6 iy 5 (SPOIt performance) _u;,s
il 95— 0 Ll (FA) (5 5key ySlisSila Ly (Sogll 51 ot
Sl by b by lgil e 5o rizren oS
Bms Bl (F4) 5555 by (F) igo 5 (501
34y 5 Sy n poS lugiiugl sy i b ((FY)

(f\ﬂcf\‘) Cnl 009y ).’9.41 QS")Z"’ U’"?‘A

Ly s 55 slao 1 8 AST

P (Al o
b olas,len ;0 (ROS) (pst oll sl Jlsual,
I3 s izt (FF) 08 o o5 | e 5 o
5 2ilesl sla o gl o g9 e blix
1 #58 slocal malill Jols (Si3sls 55 slacs lowe
03: s lans §1 5500 celsil 5 iyl e 3o Al (slocmns]
e smas OS5 ol ol 45 90 o ol a5 coul
S99 Sidloe SIS A (5550 adlie (il )0 5 e
e e ol 5 Sty 31 Sl sl el



http://pajoohande.sbmu.ac.ir/article-1-2458-en.html

[ Downloaded from pajoohande.sbmu.ac.ir on 2025-07-16 ]

S99 Sdabloe ;0 wiedjad 5 Fae (oS ¢l sl

odipgh dslinlegs [YOA

o ) 00la ol L AST a5 aies o olis Sladss
052 g 00 sl 5510081 ozl SPL/NRL JUS o
oS slowl oS ) GMPP) fyy 50 - J28-F-1 e
e PCL2 gl Jolos 101, (gl (25 Jos
lr 5o Lagg e clidlbre 5k 5l Wlgs e 5 (OF) wiled o0
s JLil 5 obul e logase ! el
I, oSbs o, Shee TNF-00 i ol oudas s NF-xB
(OF) wise S

) SH-SYSY sla sl cblix el wisisy S
ol p 4>l slagygys 9 (Lgiwdliyyg (Jskow o0,
=l 30 2y awinS ,b Jae ,o (Substantia Nigra)
60, Shae | MPPHMPTP Loy o Gl 52,51
H09° 3 Sosr s S ROS odg 5 objaS g
Ol Rl b sl ceul (pSan | LS (nl a5 00 5 o
s ) el -8 5 BAX ol rals Bel-2 s
V=3l oot JLsd Jles 5 (gl Sobow 5o B30
QD) ars alol

o, 8l 5o ludss JoSo JuS 5 oylore 4 AST 5l sl
Sl 1y 0T o5l ity i 5 s 4 oo
5 551 ol byl A5 eols lis s les oYdksl b alilie
SLS ad S8 g Sue GVsb Sligdid adie ol 9l
GLE AST Uy lays iy cdalllan 55 4o (0F) sl oo
30 k2 J=B gy bl 3l cuS 5 plas cal ools
izme gl i caSn] Lansgi oad Wl (g0 ol il
3 09 uls 0 HO2 by ooty Wl orae oo
sl cpl oS ansls (59)8 lulyh yo (G9lS (S5he (soSiunl
(V) Sl AST lanST 5T 31 Sig cde & Yoz

cBlao ad ool s YN0 Jw jo Glasdlas 4o
0,3 AST 3l ool wl Lo g e ;o (5jio Suilog,s ol
s jo 1y Gl 0, Slee o (NSS) pmas anls ol
ls o, Sles g ial38l Eely g ounisy Sgue 99,U9,
00,5 o Y-Maze s o (ORT) s b aseis cad (o
5 Sl ojlal rals el oS 5 onl b jlod (rizean
dagliie ;0 (S5)95 )0 g9 (8 (e 5l Rl (ime
Sl 59 5l 31 s ke Stlag S ol 0,5
e (BDNF) s 5l g1 ie 089 55,58 5551 (e
gl 5 Gunliw (GAP-43) FY-u_i, L Lo e
L o Blbanil jtol3 8l saiims Lti ,uS5,65 10 (SYP)
OY) cenl g)ls 5t cos lagygy e

mas Oluls dgn )0 00l 7l sl Kol

oot i ERK s3g 008 lge o lgie 42 PDIBO59
SH-SY5Y (Lo Jsbe ;I wlsi e AST ol s (FA) e
e biilone AB25-35 Liwgs o Wl (555051 5 ya sl o
I, BCI2/BaxX <o 5 00l Lid Jowsly zals el oS
(F2) aao rals

Eel AST Ll iy 45 b o0l lid Y410 Jlo o
5 SllbiglS-L hwg ool WIPCL2 5,5 Jsho Sy ,lee
JLsd (ST elgsl 0dgs )3 (e BB 2alS el 55
as Bax/Bel-2 o [il8l oo b oS 5 pl 005 o
5 Sgml (Sl oeisn o Glsie 4 BCl-2 cons il 5o
00,5 s iy yo3 Sghg] et S Olye 4 BaX
Bl oelS G2 gz 5 V5llS (sl lad (il 38l
SialS ol s opdle 50,5 o Slaliglt bansgs o Wl 53 0y]
Cllad ezren (MMP) (ol josS e gLt Jonily
e L 55 MAPK 5 NF-kB (slaooco L ol ,an ROS
cbidlbne Sl 51 ol el il s oo sloe AST Lags s
e (= w0 AST (QUlgs saims las 998
ol ol 5 g Lo )uiSgie 5l a5 ably o (JUiS
Lo oS5y ol S oo cbiblone SlebiglS-L Lawgs oaislill
L SaSddg O ygmo 4 Wilgs oo AST oS aas oo lis
Foe gas OIS Gl Gl bagyls plo bcaS 5 50
(8+) o9 &g

hS s i Sl Jim 5l (Sl gair olaylis
el el T s )9 cuy58 WS yleys 0 AST
SyShas Pzl g g5kmls collad pnds 3250 5 g5l 0l
AKUGSK-3D JUSas jone 53,8 oo 5 b )05 sin
Soms 2l 50 | (oS5 S99 Jsko S HT22 1o
odle ylas oo cliblone SLabigls Lags o olmyl b
Gi2lS Gsb Sl poieagl] 5l (S50 alible LS cnl 5
od—iS St S Slime (P19 )0 slanST oyl
el AST JoSo a5 wlools lis 55 Slalllae (S sl
aladl s (AHN) (VLS )5 calSsen 359555 Gl
stz BB sk AST 05 g9 51 (O)) 295 oo L8
I, (Malondialdehyde) MDA §ROS c_Lilé ol
D2 o il 3l | (GSH) (esl5elS liae g ool yials
Cdlad 5 C pg i Jliil oS > AST (0] 5 ogdle
Gk 5l ke 4 ams oo Rall g o 1, Yo jlenls
e e 5 o) OgeeilienS Ty gilapnST ol alS
=6 g5 e 50 1y Bgssh w08 gie 4 atly S5
(OY) wlei o cdadle g0 oS g 4o £ 0 5l


http://pajoohande.sbmu.ac.ir/article-1-2458-en.html

[ Downloaded from pajoohande.sbmu.ac.ir on 2025-07-16 ]

VA0 aiiul 5 age N )5 F o lad

e S50 05w o 7 pdae (s re adgl ol alS
ey 4i B0 Y dga> (giae by (59,0 S50 AST )58
S gl cowl alS el (g )ls sxe ;sbas SAH
1 .90,5 La yige ,0 SAH 51 aa (Early Brain Injury)
5 e ela ¥ Sae 4 AST L (6,056 Lo ol e
sloml el 53 (Sled) Sy Jloxul )b 51 SAH
il 0003 5 o 365 5 5 Lo hge 40 (9,98 cbila> L
Blo ilgi e AST Ll a5 aizdly ) liime (ol 5 ogdle
2 A3l slaplonsT T ol g oo guilonaST com]
@l ol oees Gl 8ISAH Slas ) Gige she oS358
o5l Shg oyils Giyb JJAST Jlosiwl a5 aao o ylis
SAH 3l on 1) 50 adgl ol wilgs so SlowusT
S Ol 4 gilo ol g wms palST g JB ok
V) 052 syt SAH 1w EBI ol lojo oS 5
siols 5 AKUBAd e gl Jobie Jlam! psilSo
) el SAH Jito sledge 55 3551 olee

ol sladsbe nled 5 355 5 (Joko oo 5 ala 50
L oS5 ol ol oot i slay,155 AST 5l s
55 MEK 5 PIBK U8 s (6o oo 55l JLs
ooliiwl b yuizrad g 00ges W) cuae jlo s o sl
ol sladshe Jomily sgn el (ol lo US|
() Cansl 0030 5

L ol a8 ol il slogs lows 51,500 S ol
Slisdon bl oo (mas ok )35 5 (oras DY
25U LI AST s wslosls s cobs aie) jo o5
s ol il e Culis Gl o Bgays (9 pdlid
Ol stz 95 =B Hobay oS 5 (nl a5 Cosl ool somline
Ol 5 9 osa¥ s 5 aS s o |y Lo ]
94 g Vlsed 9 SISl S g o 1) T 5Lls
IL- dL-6 Lo ool o AST (pl 5 ogdle cans o 2alS
il l by ol zalS | CwlSgun ;0 COX-2 5 1b
b bl sl Glagise 5o (o8l oo ;0 AST
oS gt Laygye 5l wlgioe Byl (nl 5l g 009 Ll
SomelS ol ol ol 30 Guse¥lsgen 5 Jlo Sl
ool las ;K0 lasdllas ;o oo (FO) wled cladle
Shge 55 pre sk oilibles 1 s AST aS ol o
Gialidl Sl g ools 2alS 1) AYS Ll (Lo g 005 b

(%)

@ Gl oo emmas SIS S AST slas, )5 oL

ol @il AST 5505 0 )Lsl MMP-9 zals & ole5 o
wzse MMP-9 e Jld 5 (L (liee azss LB 205 L
S 50 (5 2 Sadlad o, Shoe 35 e 3l S9ete
Cte Lo sl S5t 5 (smae sl A S5y BBB
30,5 459.50e Lo g e 5l dm celw Y o TUNEL
Lasye ol cdld s MMP-9 (L jlas b s ol (ol 5
Olise 520lS LAST Lwg MMP-9  zals ool o
LIS So coilaaST (gla o yiasl TNF-a dL-1B #oha
(OA) 5,5 bL3 | 533585 o by g 5 ouds Jlad

(#L55 Sluld Sgrpe o AST 51 oyl o
o Mo sla g ;o a5 wols (lis ol Sen 5 (g5
S5t 9595 spum! alS Esb AST « olss anls
L ol Sl ey (99 s (3 5ot 5 (L o]
oo sanlie g yg cubiblne I &l 3l 3,5 e (SCI)
GalS Gln 29, Gleyd il G plee 4]y oS 5
(D) 05 oo 3520 SCI 5l sy Slasls aoyi b g ]

L ol ulds 55 1, (ABOS) s yosSilgl AP e ol 51
Lo ys,95 gebsSSlols 2ol jxe ;0 AST 5l solaul
Celw YF 5l xS o (V- UMY AST L S gn
o=l aS ol lis 00 e 4 0ndy o Jokw coed 2550 g
Lagsiss @l Lo pesSdsl L o (com o8 Sl oS 5
ABOS i pro 15 sk e (s 38,5 5 055 o
s NFATCA-eGFP (gl JUiml il el (Ceeles $)
&l aS 00,5 o RYR2 & by o MRNA 10 jials
shls ol ysld sady Sl i 5 4 Sl 4 (ol
L AST L y5malisSil iy b 00lizl QPCR 3 GFP 5
ot gl ol as S 3l s ol wile +/) M el
65y ABOS o i1 1y 15 1, aygyss AST oS ao o
ol Lials s NFATCA colle o Ll 08 sie ROS wlss
() sylei o clislns RYR2 35

s 5> CAH) aisSis ot 55 05— 5l oy
stz 95 2B e by AST S VL clle b jles ¢l 2o
oos aly aed AKE LIS glain 15256 codles iol8l cely
dL-1B) sled! sla S g o g sa_s Bad e
99 g 3 ) Jsbow (Saz J5Sse (TNF-a
4 oo AST (pl pogdle .00 ,5 (ufSgp yiiw s MRNA
s Pl g5t pol el 30 il ool 5 (6 eRiey
Wb gl Ghe 50 (Sissye DY 5 s o>
(V)

21y gyl —ide 1 Jlexst AST  Slaust o1 51


http://pajoohande.sbmu.ac.ir/article-1-2458-en.html

[ Downloaded from pajoohande.sbmu.ac.ir on 2025-07-16 ]

S99 Sdadloe ;0 wiedjad 5 Fae (oS 5 ¢l sl

odin gy dolimlegs /Y5

Lyl o0l Lt Gy slos lomt § o (slcs Lo
Olals pley g peeys )0 e slag)ls plaid 4 azgs
S 5 ol G Sl pegas )0 39290 la)l S (omac
Joe GlopuilSo g Slo> sl Jon o g, cbla> 5o
o=l e Jloia) iuan s oS 5 cnl Sl eat aSlis
5 95153339,9 SLas jlow (loyd dazr wuils Glaie & gl
@ Sl (a2l (ras gl Sl 5l s (S
Ol @8 las)l s s B ol 4 s O jslate
Aol et o calizie SV ST lejs ;0 AST

e (6 500 S g aale> Slallas

SSgyelly (B e 50 g 28,5 5,8 0,5 0 LAl panl
Syt o Sl 6T codlad xils LAST 058 o

(FY) 93,5 oo gl @dle sl (oge j0 (5 L8, ol

S 5 4
UYL s SlawnST 6T @l cpals b cpulslow]
Ol ] ecidizee lidio o oad axslid slaglacnsT
O HLid (ol i o Loy alisee glgil p (Slogall
(o9)l95 olwd ¢ By e g (el slig e wbs VL

REFERENCES

1. Baralic I, Andjelkovic M, Djordjevic B, Dikic N, Radivojevic N, Suzin-Zivkovic V, et al. Effect of astaxanthin
supplementation on salivary IgA, oxidative stress, and inflammation in young soccer players. Evid Based Complement
Alternat Med 2015; 2015.

2. Nakao R, Nelson OL, Park JS, Mathison BD, Thompson PA, Chew BP. Effect of astaxanthin supplementation on
inflammation and cardiac function in BALB/c mice. Anticancer Res 2010; 30(7): 2721-5.

3. Bjerkeng B, Peisker M, Von Schwartzenberg K, Ytrestayl T, Asgard T. Digestibility and muscle retention of
astaxanthin in Atlantic salmon, Salmo salar, fed diets with the red yeast Phaffia rhodozyma in comparison with
synthetic formulated astaxanthin. Aquaculture 2007; 269(1): 476-89.

4. Tume R, Sikes A, Tabrett S, Smith D. Effect of background colour on the distribution of astaxanthin in black tiger
prawn (Penaeus monodon): Effective method for improvement of cooked colour. Aquaculture 2009; 296(1): 129-35.

5. Seabra LMAJ, Pedrosa LFC. Astaxanthin: structural and functional aspects. Revista de Nutricdo 2010;23(6):1041-50.

6. Zheng YF, Bae SH, Kwon MJ, Park JB, Choi HD, Shin WG, et al. Inhibitory effects of astaxanthin, $-cryptoxanthin,
canthaxanthin, lutein, and zeaxanthin on cytochrome P450 enzyme activities. Food Chem Toxicol 2013; 59: 78-85.

7. Moretti VM, Mentasti T, Bellagamba F, Luzzana U, Caprino F, Turchini GM, et al. Determination of astaxanthin
sterecisomers and colour attributes in flesh of rainbow trout (Oncorhynchus mykiss) as a tool to distinguish the dietary
pigmentation source. Food Addit Contam 2006; 23(11): 1056-63.

8. Wang C, Armstrong DW, Chang C-D. Rapid baseline separation of enantiomers and a mesoform of all-trans-
astaxanthin, 13-cis-astaxanthin, adonirubin, and adonixanthin in standards and commercial supplements. J Chromatogr
A 2008; 1194(2): 172-7.

9. Stewart JS, Lignell A, Pettersson A, Elfving E, Soni M. Safety assessment of astaxanthin-rich microalgae biomass:
Acute and subchronic toxicity studies in rats. Food Chem Toxicol 2008; 46(9): 3030-6.

10. Miki W. Biological functions and activities of animal carotenoids. Pure Appl Chem 1991; 63(1): 141-6.
11. Matsuno T. Xanthophylls as precursors of retinoids. Pure Appl Chem 1991; 63(1): 81-8.
12. Yamashita E. Astaxanthin as a medical food. Funct Foods Health Dis 2013; 3(7): 254-8.

13. Edwards JA, Bellion P, Beilstein P, Rimbeli R, Schierle J. Review of genotoxicity and rat carcinogenicity
investigations with astaxanthin. Regul Toxicol Pharmacol 2016; 75: 5-19.

14. Turujman SA, Wamer WG, Wei RR, Albert RH. Rapid liquid chromatographic method to distinguish wild salmon
from aquacultured salmon fed synthetic astaxanthin. J AOAC Int 1996; 80(3): 622-32.

15. Ranga Rao A. Production of astaxanthin from cultured green alga Haematococcus pluvialis and its biological
activities: University of Mysore; 2011.

16. Yuan JP, Peng J, Yin K, Wang JH. Potential health-promoting effects of astaxanthin: A high-value carotenoid
mostly from microalgae. Mol Nutr Food Res 2011; 55(1): 150-65.

17. Boussiba S, Bing W, Yuan J-P, Zarka A, Chen F. Changes in pigments profile in the green alga Haeamtococcus
pluvialis exposed to environmental stresses. Biotechnol Lett 1999; 21(7): 601-4.

18. Ambati RR, Phang S-M, Ravi S, Aswathanarayana RG. Astaxanthin: sources, extraction, stability, biological
activities and its commercial applications—a review. Marine Drugs 2014; 12(1): 128-52.


http://pajoohande.sbmu.ac.ir/article-1-2458-en.html

[ Downloaded from pajoohande.sbmu.ac.ir on 2025-07-16 ]

YRV oS g (5,508 slrs 138 VA0 aiiul 5 age N F )5 F o led

19. Ko J-C, Chen J-C, Wang T-J, Zheng H-Y, Chen W-C, Chang P-Y, et al. Astaxanthin down-regulates Rad51
expression via inactivation of AKT kinase to enhance mitomycin C-induced cytotoxicity in human non-small cell lung
cancer cells. Biochem Pharmacol 2016; 105: 91-100.

20. Marin DP, Bolin AP, Macedo RdCS, Sampaio SC, Otton R. ROS production in neutrophils from alloxan-induced
diabetic rats treated in vivo with astaxanthin. Int Immunopharmacol 2011; 11(1): 103-9.

21. Nakao R, Nelson OL, Park JS, Mathison BD, Thompson PA, Chew BP. Effect of dietary astaxanthin at different
stages of mammary tumor initiation in BALB/c mice. Anticancer Res 2010; 30(6): 2171-5.

22. Affandi M, Julianto T, Majeed A. Development and stability evaluation of astaxanthin nanoemulsion. Asian J
Pharm Clin Res 2011; 4(1): 142-8.

23. Boussiba S. Carotenogenesis in the green alga Haematococcus pluvialis: cellular physiology and stress response.
Physiol Plantarum 2000; 108(2): 111-7.

24. Rao AR, Sindhuja H, Dharmesh SM, Sankar KU, Sarada R, Ravishankar GA. Effective inhibition of skin cancer,
tyrosinase, and antioxidative properties by astaxanthin and astaxanthin esters from the green alga Haematococcus
pluvialis. J Agric Food Chem 2013; 61(16): 3842-51.

25. Lee D-H, Lee YJ, Kwon KH. Neuroprotective effects of astaxanthin in oxygen-glucose deprivation in SH-SY5Y
cells and global cerebral ischemia in rat. J Clin Biochem Nutr 2010; 47(2): 121-9.

26. Song X, Wang M, Zhang L, Zhang J, Wang X, Liu W, et al. Changes in cell ultrastructure and inhibition of
JAK1/STATS3 signaling pathway in CBRH-7919 cells with astaxanthin. Toxicol Mech Methods 2012; 22(9): 679-86.

27. Uchiyama K, Naito Y, Hasegawa G, Nakamura N, Takahashi J, Yoshikawa T. Astaxanthin protects B-cells against
glucose toxicity in diabetic db/db mice. Redox Report 2002; 7(5): 290-3.

28. Chew W, Mathison BD, Kimble LL, Mixter PF, Chew BP. Astaxanthin decreases inflammatory biomarkers
associated with cardiovascular disease in human umbilical vein endothelial cells. Am J Adv Food Sci Technol 2013; 1:
1-17.

29. Hussein G, Goto H, Oda S, Sankawa U, Matsumoto K, Watanabe H. Antihypertensive potential and mechanism of
action of astaxanthin: I11. Antioxidant and histopathological effects in spontaneously hypertensive rats. Biol Pharm Bull
2006; 29(4): 684-8.

30. Ikeuchi M, Koyama T, Takahashi J, Yazawa K. Effects of astaxanthin in obese mice fed a high-fat diet. Biosci
Biotechnol Biochem 2007; 71(4): 893-9.

31. Santocono M, Zurria M, Berrettini M, Fedeli D, Falcioni G. Influence of astaxanthin, zeaxanthin and lutein on DNA
damage and repair in UVA-irradiated cells. J Photochem Photobiol B Biol 2006; 85(3): 205-15.

32. Dong S, Huang Y, Zhang R, Lian Z, Wang S, Liu Y. Inclusion complexes of astaxanthin with
hydroxypropyl-p-cyclodextrin: Parameters optimization, spectroscopic profiles, and properties. Eur J Lipid Sci Technol
2014; 116(8): 978-86.

33. Dong S, Huang Y, Zhang R, Wang S, Liu Y. Four different methods comparison for extraction of astaxanthin from
green alga Haematococcus pluvialis. Sci World J 2014; 2014.

34. Turkez H, Geyikoglu F, Yousef MI. Beneficial effect of astaxanthin on 2, 3, 7, 8-tetrachlorodibenzo-p-dioxin-
induced liver injury in rats. Toxicol Ind Health 2013; 29(7): 591-9.

35. Andersen LP, Holck S, Kupcinskas L, Kiudelis G, Jonaitis L, Janciauskas D, et al. Gastric inflammatory markers
and interleukins in patients with functional dyspepsia treated with astaxanthin. FEMS Immunol Med Microbiol 2007;
50(2): 244-8.

36. Kim JH, Chang MJ, Choi HD, Youn Y-K, Kim JT, Oh JM, et al. Protective effects of Haematococcus astaxanthin
on oxidative stress in healthy smokers. J Med Food 2011; 14(11): 1469-75.

37. Lu Y-P, Liu S-Y, Sun H, Wu X-M, Li J-J, Zhu L. Neuroprotective effect of astaxanthin on H,O,-induced
neurotoxicity in vitro and on focal cerebral ischemia in vivo. Brain Res 2010; 1360: 40-8.

38. Kupcinskas L, Lafolie P, Lignell A, Kiudelis G, Jonaitis L, Adamonis K, et al. Efficacy of the natural antioxidant
astaxanthin in the treatment of functional dyspepsia in patients with or without Helicobacter pylori infection: A
prospective, randomized, double blind, and placebo-controlled study. Phytomedicine 2008; 15(6): 391-9.

39. Tanaka T, Makita H, Ohnishi M, Mori H, Satoh K, Hara A. Chemoprevention of rat oral carcinogenesis by naturally
occurring xanthophylls, astaxanthin and canthaxanthin. Cancer Res 1995; 55(18): 4059-64.

40. Tanaka T, Kawamori T, Ohnishi M, Makita H, Mori H, Satoh K, et al. Suppression of azoxymethane-induced rat
colon carcinogenesis by dietary administration of naturally occurring xanthophylls astaxanthin and canthaxanthin
during the postinitiation phase. Carcinogenesis 1995; 16(12): 2957-63.

41. Yasui Y, Hosokawa M, Mikami N, Miyashita K, Tanaka T. Dietary astaxanthin inhibits colitis and colitis-associated
colon carcinogenesis in mice via modulation of the inflammatory cytokines. Chem Biol Interact 2011; 193(1): 79-87.


http://pajoohande.sbmu.ac.ir/article-1-2458-en.html

[ Downloaded from pajoohande.sbmu.ac.ir on 2025-07-16 ]

S99 bl 10 aieT ;08 5 Sge oS 5 ¢l jliw] sy dslialegs /YFY

42. Wakshlag JJ, Balkman CA, Morgan SK, McEntee MC. Evaluation of the protective effects of all-trans-astaxanthin
on canine osteosarcoma cell lines. Am J Vet Res 2010; 71(1): 89-96.

43. Ferreres F, Pereira DM, Gil-Izquierdo A, Valentdo P, Botelho J, Mouga T, et al. HPLC-PAD-atmospheric pressure
chemical ionization-MS metabolite profiling of cytotoxic carotenoids from the echinoderm Marthasterias glacialis
(spiny sea-star). J Sep Sci 2010; 33(15): 2250-7.

44, Liu X, Shibata T, Hisaka S, Osawa T. Astaxanthin inhibits reactive oxygen species-mediated cellular toxicity in
dopaminergic SH-SY5Y cells via mitochondria-targeted protective mechanism. Brain Res 2009; 1254: 18-27.

45. Ying C-j, Zhang F, Zhou X-y, Hu X-t, Chen J, Wen X-r, et al. Anti-inflammatory Effect of Astaxanthin on the
Sickness Behavior Induced by Diabetes Mellitus. Cell Mol Neurobiol 2015; 35(7).

46. Balietti M, Giannubilo SR, Giorgetti B, Solazzi M, Turi A, Casoli T, et al. The effect of astaxanthin on the aging rat
brain: gender-related differences in modulating inflammation. J Sci Food Agric 2016; 96(2): 615-8.

47. Chang C-S, Chang C-L, Lai G-H. Reactive oxygen species scavenging activities in a chemiluminescence model and
neuroprotection in rat pheochromocytoma cells by astaxanthin, beta-carotene, and canthaxanthin. The Kaohsiung J Med
Sci 2013; 29(8): 412-21.

48. Franceschelli S, Pesce M, Ferrone A, De Lutiis MA, Patruno A, Grilli A, et al. Astaxanthin treatment confers
protection against oxidative stress in U937 cells stimulated with lipopolysaccharide reducing O2— production. PloS One
2014; 9(2): e88359.

49. Wang H-Q, Sun X-B, Xu Y-X, Zhao H, Zhu Q-Y, Zhu C-Q. Astaxanthin upregulates heme oxygenase-1 expression
through ERK1/2 pathway and its protective effect against beta-amyloid-induced cytotoxicity in SH-SY5Y cells. Brain
Res 2010; 1360: 159-67.

50. Du H-H, Liang R, Han R-M, Zhang J-P, Skibsted LH. Astaxanthin protecting membrane integrity against
photosensitized oxidation through synergism with other carotenoids. J Agric Food Chem 2015; 63(41): 9124-30.

51. Al-Amin MM, Reza HM, Saadi HM, Mahmud W, lbrahim AA, Alam MM, et al. Astaxanthin ameliorates
aluminum chloride-induced spatial memory impairment and neuronal oxidative stress in mice. Eur J Pharmacol 2016;
777 60-9.

52. Lu Y, Xie T, He X-X, Mao Z-F, Jia L-J, Wang W-P, et al. Astaxanthin rescues neuron loss and attenuates oxidative
stress induced by amygdala kindling in adult rat hippocampus. Neurosci Lett 2015; 597: 49-53.

53. Ye Q, Zhang X, Huang B, Zhu Y, Chen X. Astaxanthin suppresses MPP+-induced oxidative damage in PC12 cells
through a Sp1/NR1 signaling pathway. Marine Drugs 2013; 11(4): 1019-34.

54. Zhou X, Zhang F, Hu X, Chen J, Wen X, Sun Y, et al. Inhibition of inflammation by astaxanthin alleviates
cognition deficits in diabetic mice. Physiol Behav 2015; 151: 412-20.

55. Lee D-H, Kim C-S, Lee YJ. Astaxanthin protects against MPTP/MPP+-induced mitochondrial dysfunction and
ROS production in vivo and in vitro. Food Chem Toxicol 2011; 49(1): 271-80.

56. Zanotta D, Puricelli S, Bonoldi G. Cognitive effects of a dietary supplement made from extract of Bacopa monnieri,
astaxanthin, phosphatidylserine, and vitamin E in subjects with mild cognitive impairment: a noncomparative,
exploratory clinical study. Neuropsychiatr Dis Treat 2014; 10: 225.

57. Ji X, Peng D, Zhang Y, Zhang J, Wang Y, Gao Y, et al. Astaxanthin improves cognitive performance in mice
following mild traumatic brain injury. Brain Res 2017; 1659: 88-95.

58. Zhang X-S, Zhang X, Zhang Q-R, Wu Q, Li W, Jiang T-W, et al. Astaxanthin reduces matrix metalloproteinase-9
expression and activity in the brain after experimental subarachnoid hemorrhage in rats. Brain Res 2015; 1624: 113-24.

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

60. Lobos P, Bruna B, Cordova A, Barattini P, Galaz JL, Adasme T, et al. Astaxanthin protects primary hippocampal
neurons against noxious effects of AB-oligomers. Neural Plast 2016; 2016.

61. Zhang X-S, Zhang X, Wu Q, Li W, Wang C-X, Xie G-B, et al. Astaxanthin offers neuroprotection and reduces
neuroinflammation in experimental subarachnoid hemorrhage. J Surg Res 2014; 192(1): 206-13.

62. Zhang X-S, Zhang X, Zhou M-L, Zhou X-M, Li N, Li W, et al. Amelioration of oxidative stress and protection
against early brain injury by astaxanthin after experimental subarachnoid hemorrhage. J Neurosurg 2014; 121(1): 42-54.
63. Wu W, Wang X, Xiang Q, Meng X, Peng Y, Du N, et al. Astaxanthin alleviates brain aging in rats by attenuating
oxidative stress and increasing BDNF levels. Food Funct 2014; 5(1): 158-66.

64. Kim J-H, Nam S-W, Kim B-W, Choi W, Lee J-H, Kim W-J, et al. Astaxanthin improves stem cell potency via an
increase in the proliferation of neural progenitor cells. Int J Mol Sci 2010; 11(12): 5109-19.

65. Zhou X-y, Zhang F, Hu X-t, Chen J, Tang R-x, Zheng K-y, et al. Depression can be prevented by astaxanthin
through inhibition of hippocampal inflammation in diabetic mice. Brain Res 2017; 1657 262-8.


http://pajoohande.sbmu.ac.ir/article-1-2458-en.html

[ Downloaded from pajoohande.sbmu.ac.ir on 2025-07-16 ]

VEY | oS g (5,508 sl ;i8S VA0 aiiul 5 age N F )5 F o led

66. Xu L, Zhu J, Yin W, Ding X. Astaxanthin improves cognitive deficits from oxidative stress, nitric oxide synthase
and inflammation through upregulation of PI3K/Akt in diabetes rat. Int J Clin Exp Pathol 2015; 8(6): 6083.

67. Al-Amin MM, Rahman MM, Khan FR, Zaman F, Reza HM. Astaxanthin improves behavioral disorder and
oxidative stress in prenatal valproic acid-induced mice model of autism. Behav Brain Res 2015; 286: 112-21.


http://pajoohande.sbmu.ac.ir/article-1-2458-en.html
http://www.tcpdf.org

