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AN T

TR RS RmUEE - HEREE
HUREZHHHE (free radicals) B EH
B 5 AR B R = A R AL M ACEH
M RLMERRNBEERAET - FRE S0
ARSI BRMHTHEALEER
B PR E RSN - RERE(CEET - #
17 - 4B AH S B 2 BB 4 SR TR
HYIEH EIE - B —FEEAER - AL
it "THELYE (IR FweitE
BRI BNV - HHEHE 20
Wy R RRP AT HE -

AP Z I H WAL & (astaxanthin)
HA MR EALEE B BT IHisE R
Mo AT SCE R NPT A L ERE M - S
2 % F [N (pro-inflammatory genes) ~ %
e F -xB (nuclear factor, NF-xB) »
Ji 87 132 36 [ T -a. (tumor necrotic factor-a,
TNF-0) ~ H /1 Z 41 i -1 (interleukin-1p,
IL-1pB) (Li et al., 2015) » KL% 4= P58 B
A& B WHilRRE B RE
144 (reactive oxygen species, ROS) ~ 7H[fj
LM PR A RAEPERA E 32 ~ ER AR
fiE ~ BERRE  IHIEREEREES (low-
density lipoprotein, LDL) &1k » [F{E (o[
BN ERH#HGEEEER DRI %
Ve B~ B NAR HL ) S TR (Yamashita,
2013) o

R FE T iR AL R AV EALIE %
B S ALBE ) 2 [E YRR (% 3 T #5 H 0
AL R T-B - TG RIS B L
e H#E -

B - Al EE R )

ANBEGRBFERE  FTEHNEE
EITEALIEN > KN Ry S s R E
bR E LR ABEEEEF - 8
R NGBy ELEERE T Al
£ (superoxide anion radical, <0,) > %7 {5
BHEEMN02 ~2%  BERILEEHE
(hydrogen peroxide, H,0,) Rl & 2 ~ 4% (&}
SR~ DR B  =JPE BN
2013) - NEGHVEHE: » AR E HA
(hydroxyl free radicals, *OH) ~ #H& [2 5T
H % (superoxide anion radical, <0O,) 1
i# 48 1k &, (hydrogen peroxide, H,0,) % >
BEARENGEE A BHLEESR
(reactive oxygen species, ROS) ©

B HH AL Ry A2 W) G 28 17 3 TRl P 2
LZRIEY > 2EAEEEHZYE - EE
B NEENEHE  HREER EalE
NG E BN EaEdEE - HE
Bl E#EE - S8R K EZEME - A
B2 2 ELBE 1] (oxidative stress) ik {5
%= (Durackova, 2010) - ZRif1 > ANE8H —
ERFI SRR R E EIF - B ST
2 BN ITE - MNAEENHLELEE -
WHEE/EY LB (superoxide dismutase,
SOD) ~ i FE AL EHE (catalase) FIFLALH AL
A ALY BE (glutathione peroxidase, GPx)
FAMERIBLEALTIRE T - (KA MERY 44
2 C ELAEYIEI 5 I (bioflavenoids) ~ AR
PERV4EA R B BUHEHZE R R E

W 4T 2 & S8 &4 28 B & (carotenoids)
& 8 0TAEYE R ZE M (xanthophyll’s) »



& e B EH 28 8 R AHMDL > BEA A AV A&
BB DIRE - HArft A i & Hay 4l
% FHEFZENERALLELE (haematoccus
pluviali) » [N JIE XFE%4LER - RAKRLLER
AR LRI R R WD 2 - AR KA B
g R b SN SR WY Wt R S A
RALR AP EEREIE FAE B £ 5 IRE4LER
&R B A RSB IVE T UE - EfEft
HHEE Bk 5 8 HEREIHET
B HEE A E - sE AR B A
S SH S TE - BEREVEPR B AR » EFIHLE
BT (&5 > 2006) °

Nishida, Yamashita, and Miki (2007)
ERFEIE - BT AR BLEALEI T - IRALER
JH [ BL E5 FE 45 (singlet oxygen quenching)
THRF 5% © Yamashita (2013) H745 H 4T
ZHPEEBRELBHEHEEZRER 100
&5 IR HERATIRE B- tHEEF RN
40 f& o &R & BAUCRRES RAGAD » IRALE A
EEFTEIEN  HICEBREER
E-~ $4R CEHEHRAIR - HILH iR
ZhREEmETRESRRERE -

ST 2R A A B s T M 2 S

2~ IRALE A PR RE B PR
{LRE )

AL ER o T45 (B 1) S RAERES
MBS MR AR BE M - R4S RS
At (HKME) SLEEEESE 2 2% (polyene)
GEFESEAS o SRR R - SR T ImEEH
Pk g0y (chiral center) By B 12 E MEHY
38,3'S KA g tHEMY) - BREEAR
Fi¥E (ionone Ring) » & b &H —FLE KA
BEAIER A - A o- FOARHR - Ryt EL (polar
region) J& /KM 43+ (Higuera-Ciapara,
Félix-Valenzuela, & Goycoolea, 2006) °

FH 7 B R (o B 4T 32 15 DUEE A4 e st
e ss gt - B T E R - 1685
HHAEEE R A (el 2 ) - 4K Shdehka
AR E B o [F rE A R R Y S T B R
Shg - s LARAY P ERE S - BEREDIE
i £ A (b 2 Zh %% (Pashkow, Watumull, &
Campbell, 2008)

Liu, Yamada, Maruyama, and Osawa
(2008) HYBHFTHE S ALEE J7 ~ & B &t
B HIHIRDZ 2 — E H B HG 248 (ubiquitin-
proteasome system) Ifj BE [& B> T fE

1 SEERRIRAIE 3S 0 3" fBtEREE
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2
BRI ¢ Pashkow et al. (2008)

& AR EREN EEREE - Liu
B Osawa (2009) DL il &5 £} 4H Ff &7 4H A
PRk SH-SYSY H g 45 REI~: fEAH
1 &8 RF 4 BE R SH-SYSY ot > #R 4T 2 ]
I — 4 Z Wk N M BE - B F /b & (DHA
hydroperoxide, DHA-OOH) = 6- ¥EE 2
f# (6-hydroxydopamine, 6-OHDA) Ff &% Z
ZIEMER T FRIAERL > BEERYE T A4
MR PREEME N > TGS ARRE < 55 —8)
YIE BRI T BUR - AL 2 A PReE BRI PR AY
FHEE - FHP = i ER L rp R, - SR TR T
I E R (Hussein et al., 2005) °

Kiko et al. (2012) Hff 5% 38 IR 7£ B-
Wl G (B-amyloid protein) Fi 5% & 4T (il
KIEEGRIEST » IARELER - FREAD
MmERA B- B & A B B AEH > AR
b B- B B E PR S 2 AR E IR AL
llﬂ:?& i B 4L 2R AT R AL M ER Th RE 32 45

AT IR R A At R 2 TR - DR S i
B E (microvascular amyloidosis) »
JEK 4% [l 2% 7 BFE R AR < [F] I
Zhang, Zhu, and Chen (2012) I 227 5 &

» Ye, Huang,

SRR SRR SR AR S FE R BB

.
B
=

o RALER A DR EBA S R FEEER
BE > HIHEARIE

i~ UBGRL 3 I DU 52 T e SL 1R
Pk I
KRB AR ROV E(L R » TTRES

AREALBE )5 e 2% K JE - HEVHS G E
KREZAXKPREES - BHEERE

LR (WE 3)  EEEEE RS &
NBREPIRALIFRE - SF 2 REE » RAL
RRHERTIECYE - AH R R
[IE - @ albBE -

# RN LRGHGENHNE
FElak - BiE—TEiREM P E - TRES|
L RS FHE KRR L RS o JEMERE
AL E e 125 K SR - AR
4Rt (mast cells) FIEMMER (leukocytes) A&
TR R KB R o DU BEE
MEER A E A A2l T JE (RN
FZAHRE > A FH4HAE R (cytokines) K f(E
% (chemokines) ~ {E 4= VU f% fi& (arachidonic
acid) (UHYIE 2Bl R S E » HEELE
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Mechanism :
RH + oxidant initiator — R’
R+ 0, — ROO’

ROO" + Astaxanthin — formation of inactive products
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DNA, RNA

LI EERR ﬁ%ﬂiﬁ&ﬁ ~ RERMET - 7J AT
EEARKIE © FIZER - RERAGEE - BE - B

3 IRAISREEEERE - RAERAKETIE

BRI © AT E L

ZHEVES - BT RRAE R AR » &
R E AR (stromal cells) AT £Z 41 A
(=M - 2016) -

i 4T 22 75 18 4111 1 e 5% 3% 4 M B 3R |
gyl PERIARUBER ~ RS SR S HE R i
ZME N YRR + A Bt oM & A
KA gt A 7 2 Py - MRS 2 A6
PR B e 2 & b 1 o AR AT BRI 2 45
th o BRATZE A DLE N T RS R AR (pro-
p=g= R ]
L% RAVAT - 40 NFxB ~ — &L HE (nitric
oxide, NO) ~ fEER ¥ Z E2 (prostaglandin
E2, PGE,) ~ TNF-o % {F ] > ## 28 L6 A
TR R U 1T 51 R % 3% S JE (Pashkow et

al., 2008; Terazawa, Nakajima, Shingo,
Niwano, & Imokawa, 2012) °

inflammatory genes) Y 7 4= -

R R LIRERE MR ZH®
ENEFEVEE A ~ HHIEE L (R ) B8 0
LS EY) ~ B BR S F BURE B  (EhE

PRIE/NEEHIPR B & > ZE 4% 18 PR W 1 B
%5 1B 4 85 (Ambati, Phang, Ravi, &

SEYEE
ER R IR AL R E DU PR B AH T AR AR
2 SOD ~ GPx ~ #BE (LG HE (Catalase) FI
Wi BEELE (thiol groups) & &AYINRYL (Leite,
de Lima, Massuyama, & Otton, 2010) °

HH 5] DL 4L 2% 6% & 1 R B 12
SREFIREERZE BEME_EJ:T]L&)SZ
B B o IL-6 ~ TNF-a 2 B iz A B @ (L &
[ (monocyte chemoattractant protein-1,
MCP-1) ZIRJE - 7] B3 [ R S5 IE IR
& b B # %] R T (plasminogen activator

Aswathanarayana, 2014) o
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inhibitor-1, PAI-1) ~C X JEZE [ (C-reactive
protein, CRP) % Ifil & & i1 & 9% R+ (Von
Willebrand Factor, vWF) 2 & f& (Chan,
Pen, & Yin, 2012) o

FeATb e fe 0 0 B R B A
SALRE T R RAE R ER B VIR G - TEHEE
(ROS) A% (RNS) % NFB » o] Ag
INEI T8 N K7 D RE P t6E ~ BhAR S5 iR AL -
PUR SR MR B A [ HiaE - £ 5
B0 A EBHEN O R E (Pashkow et
al., 2008) » ffi 7e £ %A b 1 s % ek (L BB A e
bW Gk - kEa et ELEIsETED L i
& ¥ J7 © Fassett Bi1 Coombes (2011) 7R 3
HHIRAL R B — PR B EALE - Y
DAL S & S sk F R R SO HLE B
trEMEN - AL BEA1FRHEARGHEEEL -
OIMEFER EFEIH &

SEYI R L e R R
K =8 H ol g (triglycerides) FlHE T 5 %
& HE & H BEE B (high-density lipoprotein
cholesterol, HDL) Eif5 % Z (adiponectin)
(Hussein et al., 2007) - A S EE: 1A > 2
B HBMHERALE 12 £ 18 mg BE 1 1
HDL - (&= H il - s hnfmERE 2
a0 B AL 2 ) AR I AE A R A TH T )
Aot tE (b (Yoshida et al., 2010) °

[EHF > e R R EEFEE
AR o- B ERIRRZBBRENME R
Z 11 HER B B HY U S TE - S5 AE
4H S B B A SR U 0 IRAL ZE AT DLEE i
B D IR AREE R S o S MRAL R ]
DAL e L B T e K o B R 2 288 o oL
257% (Yanai, Ito, Yoshida, & Tada, 2008;
Hussein et al., 2005) °

TERET R E T AE b MR 4L B B R
HAERRYHAE E A DURSAYAE ST - W58 T 4HARMY
fEH > RSB N R IRE O ES: - IR
FE/NBHTEL 7 I A 0 W/ INE AR
Y 1gM ~ IgA H1 1gG © 554 - MRAL & H]
DL v 58 /N BB i TL- 1o R TNF-a £ BE 77
(Jyonouchi, Sun, Tomita, & Gross, 1995;
Okai & Higashi-Okai, 1996) - 1F & P HI 5
BUR > BRI 2 ZwIRALE - WKL
A AR E 5 DNA {EZEHEEC AT (plasma
8-hydroxy-2’- deoxyguanosine) ~ /\H 1% A]
Bt AR i 0 o S M %% 3k Al 7 (C-Reactive
protein) - 3lfi /5 14 58 G0 i [ JEHY T3 (Park,
Chyun, Kim, Line, & Chew, 2010) - T Hf
st EEEFHMTRA R 4=
5T HEIR TG 1gA YA - MRS
NG RN Z IREL % % (Baralic et al.,
2015) °

SHEMEREL  RARERE A (RE
FEBED BE - BT g 3% 0 S B e 5 32 K 4t
(insulin resistance, IR) ~ & LR JTFINE 4
& % (endoplasmic reticulum stress, ERS)
H B ## {F B Malhi & Kaufman, 2011;
Gentile, Frye, & Pagliassotti, 2011) = B %%
HUR - R IRAL R M AR R
REILEHE - Ho] DUEE R R - A
g B ST ARSI B 2 0 DSR4
SomB Mg 2EIEE (RT3
2003 5 fa s - 2013) > G A] DU E B &
HRFEEEFE - 1RTT AR IR L BR YR &
HRAREE S SR HOBEEBEE
ey ES - IR T IiE LT A
D a8 HT Bt BB 2E = [iid 7 288 Bl B 2 ThiAg
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ANBEHPR A EEEEHHE > AT#E
BHVEBEESLET > fTeH SRS
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SALBET) - BRME -~ LN~ KEESR
BRBHSEEIEHEERIIE  BRAN
YRR R EALTTE -

Gt RIS - B EIRARER
fi fEHY %L (anti-oxidation) ~ f7i 8 3% AE
77 (anti-inflammatory response) > §t [# &
Bk B 2 [H #i (insulin resistance, IR) Ei &
P KERE [E] i A = B HOm B s - AL
WHHIRA R AR EA S HEAE )
f o AN A DR 18 M 38 i S E AT i B HY
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AR MR AL R H BRI A E - (T
HASCR i - HC BV il B R B A R
(Earnest, Lupo, White, & Church, 2011) >
DRI G g R AAC BT 5 ) 36 W 4T 22 1Y 28 B 3 el
SREMIABRET 5 S5 FME 22 B B i FY it £
7 BB TIE R E v DR A7 R ] LA 5 T A P 9 (8
B REAFRERRENERE] -
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Abstract

Many studies confirmed that appropriate exercise can promote health, prevent aging
and avoid the risk of disability. Its mechanism may be related to the ability to enhance
mitochondrial oxidase and improve insulin sensitivity. Free radicals get generated when
the human body converts nutrients to energy and physical activities. During the process of
oxidation, the free radicals support physical maintenance. However, excessive amounts of
free radicals can also activate oxidative stress, which may lead to immune dysfunctioning,
muscle injuries or inflammation. Being under the attack of free radicals constantly may
trigger cell damage, homeostatic disruption and chronic inflammatory or degenerative
diseases. Hence, the optimal method to stay healthy is to enhance anti-oxidation and
to cultivate anti-inflammatory physique. Extensive research has proven astaxanthin has
anti-oxidant properties which can effectively anti-free radicals, relieve the inflammation
response and modulate physiological functions. This paper reviews the current available
medical evidence regarding astaxanthin to identify its diversified health benefits in dietary
supplements.

Keywords: anti-oxidation, chronic inflammation, degenerative disease



