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Abstract

Pearls are formed inside the shells of certain mollusks such as the
Pteria martensii (Dunker), Hyriopsis cumingii (Lea), Cristaria plicata
(Leach) and Hyriopsis schlegelii. When the protective membrane of the
mussel is damaged, the mussel creates a pearl sac to seal off the breakage.
Nacre is then secreted into the sac as the mussel heals. After four to six

years enough layers of nacre accumulate to form a pearl.

Modern scientific research have revealed that the major components
of pearls include calcium, amino acids, minerals, oligopeptides, taurine,
porphyrins, metalloporphyrins, vitamin B complex, other vitamin groups
and nucleic acids, which are molecules essential to life. These discoveries
have enabled clinical doctors to be able to more precisely understand the

curative effects of the pearl powder.

The pearl powder with its nourishing, tranquilizing and enriching
effect on the internal body, and beautifying effect on the external body,
have long been known to make the skin fair by improving its
moisturization and ruddy complexion soon after use. This is something
that is hard for any known medicines to achieve. The condition of the
skin is associated with the concept of “complexion” in traditional Chinese
medicine and is believed to be able to mirror the condition of the person’s
viscera. Since the pearl powder improves the skin, it must ultimately
work on the viscera and manifest its effects externally. As fair skin is also

a symbol of youth, it can thus be deduced that pearl powder may also

III



slow the aging process while prolong life.

With the aid of high-precision instruments, modern researchers have
discovered that pearl powder have multiple properties such as
immunity-enhancing, anti-fatigue, anti-aging, anti-inflammatory,
anti-bacteria, anti-tumor, hemostatic and curative to spermatorrhea,
cutaneous conditions, oral ulcer, stomach ulcer, and duodenal ulcer. It
should be noted that pearl powder is especially beneficial to female health,
for it is able to relieve irregular menstruation, functional uterine bleeding,
and infertility, prevent miscarriages and stretch marks, and facilitate
eutocia. If a pregnant woman takes pearl powder, her amniotic fluid
becomes very clear, and the fetus will also be fair-skinned, with reduced
risk of jaundice. Pearl powder also has considerable tranquil effects, and
can be used to treat diseases such as insomnia, neurasthenia, and

autonomic instability.

Today, cardiovascular diseases and osteoporosis have an
increasingly higher morbidity due largely to insufficient intake of calcium.
The lack of calcium causes bone loss, while excessive amounts of
calcium in blood vessels lead to vascular calcification, sclerosis and aging.
Pearl powder has been proven to be the best source of calcium for the
human body by effectively moderating the levels of calcium in the body

and reducing the risk of those diseases.

Keywords: pearl powder, Traditional Chinese Medical literatures,

modern medical applications, tranquil effects, bone loss, anti-aging
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~F U FFRRZFIIE A o P A E] (BB RE) B2
BREE AR A ERIRTE RF RERS RS
G- OREKZF W (AR A FREIRERE S AP bR
AERE cF ES O SERMUEIIRY T EATE BEI A

BEERIMEE (22 i) P HN LSk R A A 2 el

\
—
N

BTN R SR THRS BT R TR AL

v A RSB EEARY e G- BT BRRF g P G

»

WP R EAPRF g ELT P A Jd THFL ERRE BRYE
- P AZBEF oARBEEIAAL T - p AMpF BE OPE R
KRt B AH R R N B P B F BT

Rt B AT 5 (3R Rh 0 1994) o

Bl P AFER LB L FE(RmBORR) 1240 EE

BLEHF s 8 F (B nfr) N 2%F "HF D

N

A FET BT U F KRR TR A S ML sz I o A

S5 AT (G F o AAEE S 19965 3 Ty 0 1994) ¢
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ERPFESIL
221 § Bt

LHREYFBH e BRI R AL PTG A

g

PHEAML T R AR AHYEOREAFEEERF T FL
AREAer Bafk o BV BB kALY g i e I
P A R o U R R R AL B A e s

@ orrR A BT ()4 s 2010 FIER - 0 1997) o

HpA 2-1 B 22 R ARK B B K R IR 2 £ AR A A kA
He @ F ARG EER 293244 B2 SR TPFEH Y >
¢ LR P S EGE o 353 1 B & f(Glu) ~ H & B&(Gly) ~ B
% pi(Thr) ~ 35 & pa(Ser) ~ 3% pa(Val) > P i pe(Ala) ~ = % g pe(Cys)
2 2z pe(le)s & 5 pi(Leu)~ ¥ & pa(Lys)~ 2z pa(His) # & fa(Arg)
ft4 Fa(Tyr) ~ ¥ % pe(Phe) ~ F* % % f&(Asp) ~ ¥ &4 fe(Met) ~ ¥ &
fe(Prp)~ ¢ 5 pe(Try) ¥ 17 #az Afe > FoRF > e Fd Fi & 3
AT 20480 P BB BB ST § S E2 5 AR
R E R AT AN oA § AR DD TR 2
FRBELEPS A B MBSl 8§ ART ¢ 4

ER R A AL 3 RS SN YRS SN SRS SN £



AR E AL mAME L S NP AV RAR T LS BT

o

TR o B R ARG T BB RS S AL s AL

A TSN F R T B - § AR (v R pEs B Bn

EapF g A EHZY REREAZL AR ILIRPEE

A e 4 (?,J%vﬁ%a s FE 0 1997 %‘3 % 5 2007) -

JFERAR A TRAFE BRI REa g &a F A
BEm o B AR A B VB A S B E SR AR L o F]Q P
e Tl BomipAnd A RERBY A4S EE  BHkp

WE ARG B M LI0%F BHRE ) A &AM AP
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% 2-1 #F B

IR ¥ ehg AR e

r'%éé E’Eﬁ/“mg €
_}

SEES Y (g/100g 2 5k45) i
faa
wHE- RS *&= S

# % f&(Glu) 0.1015  0.1035  0.1055 01057 28~2% ¢ B X - i§
AR AL AR

4 % f&(Gly) 04864 04827  0.5067 03563 * 7 ~ MGERA KB~ we
£ 4 % il{’?é‘—”‘]ﬁg v HE
EoRFIpFd oL
IO = =

# % fe(Thr) 0.0397  0.0287  0.0459  0.0412 7 fapsageip~ =~

3% pe(Ser) 0.1843  0.1662 0.116  0.1519 3 5% 1848 4B # i

% fe(Val) 0.0983  0.0947  0.067  0.108 P A s ik

P & fi(Ala) 04088 03894 04155 03842 = F B 0w BB R E

B o P A fR(S BT

LR £ LS T

28

(FTF)



M d 2-1 Bek Bk Y hg AR ()

L5 Apienz £(g/100g B 3k
#)

TE- HBED &SRz K&

0§ AR

Lok g fa(Cys) 04243 04437 04286 0.4842 BB A B

2 %z R(le) 0.1133  0.1208 0.1144 0.0664 gL s £ 5 M

% % pa(Leu) 0.1631 0.1679 0.1646 0.1246 a4 LT~ BAET R

AN

i % pe(Lys) 0.1456  0.0982  0.1135 0.0862 LSRN SENREY 8
=~ gk o

% pa(His) 0.0266 0 0.0195 0 P oy ER F

RN R R

% fi(Arg) 0.1264 0.1011 0.1158  0.089 ALRE - HEe P s
B B oo R

fe 4 f(Tyr) 0.0476  0.0488 00404 0.0742 7 iAo ~ GEH T
7 £ fe(Phe) 01792 0.8 01768 01713 i FiF A

M % z fa(Asp) 0.2566 0.2561 0.2665 0.2015 PR~ VALY S RO

A
T % "jﬁ@ 2 33 ogp 1R
? &g fk(Met) 0 0 0 0.0923 Hoap A R
" % pa(Pro) 0 0.0652  0.0529 0.0464 e EAT AR B ﬁfi

CEl#ch ~ fas  1997)
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& 22 Ak K Embag A E

e &= =
% Ak C A

tfii Az £ (mg/g)

X% g Fe(Asp)  1.1944 1.1967 1.1893
# % pa(Thr) 0.1236 0.1214 0.1185
4% & P (Ser) 0.4499 0.4413 0.4448
# % f2(Glu) 0.5066 0.5043 0.5015
W % pz(Pro) 0.8335 0.8358 0.8284
4 % fa(Gly) 1.6941 1.6964 1.6982
& fi(Ala) 1.4360 1.4357 1.4401
% % fiz(Cys) 0.1087 0.1110 0.1128
4 £ pa(Val) 0.2502 0.2489 0.2543
4% i (Met) 0.1696 0.1719 0.1737
B 2 % fi(Lle) 0.1376 0.1399 0.1417
2 % pa(leu) 0.6005 0.6028 0.6046
fit. & e (Tyr) 0.4054 0.4048 0.4003
¥ & fi(Phe) 0.3072 0.3095 0.3021
{7 & e (Lys) 0.2272 0.2269 0.2221
8 % P& (His) 0.0756 0.0744 0.0705
¥ % fa(Arg) 0.569 4 0.5611 0.5643
i ARRE 9.0895 9.0828 9.0672

(FRYXA (GEFTERF) ARSI EFTEX 2EE R <o
)4 ~a3%520100)
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222 A4

ERE T OEPSI L GEEE 2 2% Ko BV i H A WiER
SAA 2 BRE EE A - kEs A e AT QR
A ETEME AR RARTE Y R ’%ﬁr’ R i N
EERVF~% (5P ¥ %32 %#%HE>E RDA>200mg/5 p) »u
£_: 47 (Ca)~ % (C) ~ 4£(Mg) ~ ##(P) ~ 47 (K) ~ 4*(Na) ~ £(S) (32 % 1@ >

1997 ; #g = 45 - 2010) o d % 23 VR L3Rk P £ £ ~ ikE

=

2
f

)

PRUAERRF THLITRE - FIERB S ¥ 27 &> g0
{;;&@_g%ﬁ;iﬂ,y‘t?J%#%‘rﬁ Eméomﬁg%#%&ﬁ;zﬁ -

Sl A

Rl

FHTOLRBIEETHS T AT o B B
BEAR TiEE o A g B e MOR AR N2 AR 2 T AR R enE IR
o 4T 1 HER T 2 36.8~38.87% 5 #1F Hy F Y A F (3w

2011 ;5 F & ﬁ: » 2014) -
223 E~E

AOAREY BoE B TR TAE (RDA <200 mg/s p) B~
W Z_t 45(Cr)~ 45(Co) ~ 4+ (Cu) ~ & (F) ~ 2 (I) ~ 4 (Fe) ~ 4 (Mn) ~ 48 (Mo) ~
o (Se) ~ 4:(Zn) (35, 1997 5 #7 < 47, 2010) (it% @ > 1997 ;

i % 475 2010) o d R 237 dvo fEd A [ L RE A E A e

31


https://zh.wikipedia.org/wiki/%E9%89%BB
https://zh.wikipedia.org/wiki/%E9%88%B7
https://zh.wikipedia.org/wiki/%E9%8A%85
https://zh.wikipedia.org/wiki/%E6%B0%9F
https://zh.wikipedia.org/wiki/%E7%A2%98
https://zh.wikipedia.org/wiki/%E9%90%B5
https://zh.wikipedia.org/wiki/%E9%8C%B3
https://zh.wikipedia.org/wiki/%E9%89%AC
https://zh.wikipedia.org/wiki/%E7%A1%92
https://zh.wikipedia.org/wiki/%E9%8B%85

T3S E T BIRG AR S 4 (545 ppm) ~ 4% (45.0 ppm) ~ 4B (6.74
ppm) 4% (1.63 ppm) ~4% (0.353 ppm) ~ 4%(0.28 ppm)~#3 (0.09 ppm)
FAg oY gm BBl e R E o e T F R

R R RS T A AEE BT (3

EERFFUME~ZFEMBELEFRE FOES &0 B ERA
g P dmfe cnd i R (Agayetal., 2005) A RPN KE A~ F K &
FWLEY (30 F) ALY > B R > B F0 T2 E 4
O VEER M e R BB AL ERY T
B FF AR Ul EE LR PR OBIRCK R
A s e CEEARFIEHESLEE R BT LER
YEEER A AMEZp AR TP aF At AR TR - &
ARBRARZEE~F o N EEREPFTRREMR AL
RHME A ZHP2ZER P BRAMPBEEAL ZHE LB T 0
BRARLFARA N RFLFLET H Y LT TN T AR R
> R AMER X (Agay et al., 2005; @ > 1997 ; ¥ < ¥ o

2010) o d pt¥ A Bk BB AWM T 2 W g Ao e
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& 23 ERKELEH MEAZ CEERSFFT I ER T
fasg H = g rule ] MR Tis
AL b ppm 0.056 0.026 0.041
4 ppm 0.041 0.021 0.031
A ppm 0.118 ND 0.118
4 ppm 0.207 0.121 0.164
4 ppm 0.459 0.247 0.353
BERFT & ppm 1.47 1.79 1.63
4 ppm 6.46 7.01 6.74
3 ppm 0.32 0.24 0.28
Fa ppm 0.1 0.08 0.09
e ppm 521 569 545
o 4% ppm 443 45.64 45
FERET 4 % 38.6 38.87 38.7
(3% f > 2014)
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ERpBERiTR
231 Frhi i EE M F

18 & A2F (2007) 4p 0 Bzk? 7 17 AR AE
PR A FE 2 - g VA AMES P i ' (superoxide
dismutase, SOD)’F‘“,%% SlAC A MR Ecigs LT E e pd AR
Fle (BR3P~ VA2 -2007) ¥ - 25 > Exkp? § 744 @y
PR RERAR PV RGEA KR R Ry B4 > EDE F S (F
ﬁ?‘i*i’w%%%&iﬂ’Eﬁﬁﬁiﬁﬁ*iﬂﬁiﬂﬁ
i f2A 4 5 - pF (malondialdehyde, MDA) 7 £ 2 s 4 » T ¥ 4 8
P ARF YRRz B o A R R TISE A d LY B
ARG R R M PR MEREA S (REE AR

T, 2003) o
2.3.2 P {RAd T4 T

FIRA BB AR A S R R T R BT R
FHREB > IV e T 2 BRI R0 g o B H il i
S-HT~SHIAA 7 B4 2P Bokp 89 ol 5 ka7 &0 £ F 49
BARE 2P TH (GRERTCRIRSG BT E > 1999) 0 @ RIpHp
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—\

G
-

t (2000) #x 2 Y > P ) BUBIREEE KRR R 2
HEMMIHF - pFHEHTRERY -5 p P 8 mLkg # &%

FoKfRRART IR VR FUEERAL AT L4 e ] BpER P
B P RT AR AT L AE ] PR L 5 PR
Flls> 7w RN LG 2 PR S TR KRR
AU IRRE G YRR (Fa ko 2000) o
233 R FR T

gl & (1996) & N2 it > HIns IRk G A M4
fat kil B8 6 - BATARIRZ T 2 N A AR FE
S RRAT 0 A TR O A R g g T
AEAATBoF T R BEREOERS T Bk Y ]
2450 Fd I s gt e | S AR AT A s BT S AT T
BEECT R AR APy B L fRdo— LB N AREY Y BB BRIEY
TR TR AL A D AL RS T PR A T A
SR 0 T A BT R (I G F AR B 1996) ¢
Pt BB BRI B AT T BT £ L ATAR X L
PP A0 @ B ST F i (3R > 2011) o B3R A A ¢ g AR

BATA KRR AT > B RS ehR A R T O E B AR



T & F RS fe e R g A AT e RS e e B ES
VEFE s AN S - BRENERA L ERE Y
FI A EE o B O] (2R 2 20105 420 2012) o
A2 EH A Bf‘frE S AR AR R T R A NI G IR
MR H A A B R R AT e BT (Ghth0 20025 Tk
F02012) Bokps (AT WP ) XARBTFR (AT "7 )
L (AT RR) BRUE (Firy ) dojfdo 44 L
TR A EAG AR R BRE LA B By
o R FHE AT SR FE R R FE  maE YL
2003) o T RARLE TR AATA G A 0 B G ATl E (F R
7&q$®%ﬂﬁWﬁuﬁiaﬁwui’a&$9%“%%&%;%%#?&
KA sk BPPA > ERILERF ¥ LB E 5 2EE
» Frd) @ ’9;’]{ FLIEF H o F| B g R A JUIL A AT o (BRI

2001) -

Fihm = Do B LB AH T G EA L BT

-

(calcium carbonate) ~ 1& ¥ f44F (calcium citric) ~ &2 & 4T % o KX

e

P L4 2 2 A s > 3 FEREF 2428 BT R



AT ABE R R TR A K FER AT BT RAE M
FAT/nAx 2 Py P FIHVRERE S A fE ¢ foiTh A Bk o 3R
SR AT Y FEERE AL AT S RER YA
ERYASAYRER EHI A FTAT AT v ALk

LRSS TR B AT o AR 2Bk A R
RAESAFANF B F T pd dr BiE i o 8 Bokip AT S
AEARBE O F S AR A Mo B¢ H BIERE R 2 R afkde T T
FIAAE G TR AT o B A i 3 R A A RS
iR R T A B P fefia o - A0 BB F R apl T

PIEATH T R S )58 > F A iRy o AP E 5% K> 3

-

Fi)Ap i o B AT P AT BT G AL IRAE A R AL HRE S TR

RIx 25 S BT 8 = 3 1 B s R o — ARRERIRRCE o d 2 E s F A

=

f

BV 1% ok ¥ S iar > VoA T R e R T F A kR
FURLE AT S o G R R B R e SERE I FRRN LT 4

THRERENMG > A R R GRE e 5 2009) -
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Fz% AHEFRAT MY
3.0 Bih s L2 A R

3.1.1 £F g X F B35k

AT R e R B KA A RS T f R R
A FLALTNRE - LHSMDARFER L2 D F o T ER
) B n/% cHE I ARk TR Y TR T2
Foode HhmFapd o 20 RSP mlier 25

g AP R B L AR LR ke m A ML Rk

w4y
B EAMBRERRARRERL R 2 B o

# L (inflammation) » & X E & o R Adp 2 FE X Hi X

ImpREAFTEP RAF AL DIRF > 1 RL T AR A
BSLE R 2 G 3 TR mIRAE > e PRIGE S 4R TE R Rl i 4

\\-Q:ﬁ_

TSR LA AR A LB A R LA F RAAHE ”q;:;;a;mga

A5= (Le, Zhou, Iribarren, & Wang, 2004)- f§ 8 @ = > % L F B4 4

;
WHBRAE L SBHES e - BB F PR o F X5 A D
TEAEGERG T RET R R o FUF BOERART W
AR AL g AL T Fa Al B AL E RS me > g
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PRI o dodfh RIEM & W EE B AR E a g ®
(Xin et al., 2015) o
T F A R AREREC A PR S

et Tt A F > liwmie B B

s

SR TP EERAR

ST S S EF U R ST S S F

12N

¥

i 4 % (Martin & Leibovich, 2005) ; 18 R| ¢ F1& # ¥+ K
» H

52 #E’
REFREEBRTY - E 3 LM e A IR RS

S EE TR ERE SLT RS TERRUIE T T AT 10N

Miller, 2006) -

312 EFBHBF L B2 A ST

195 Xu % £ (2001) 2§ 5 b W ST T B 7 0 BokAs ¥
g%*ﬂ%ﬁ %ﬁ‘d#”’#i&‘% R STl N S T N Y
AR F TV F AR R g Ren gt R i 100 MUH RN
CHARRELS S - BRRF L LB F- b ikd o A
PVl g LF B2 # it (Xu, Huang, Gao, Gao, & Han,

2001) -

@ Bae & A (2010)4- 4 & Wik if 2.0 & B4 WA 8 (T RER S
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FI o BEIRK Y R -y-8 % fi (Poly-gamma-glutamic acid, y-PGA) »
S AT ARIRAP o FERB RIS R AR A 2
PRAy-F & BV PR LR B ok 4 A RH ARG v RS TF
* oo A& H {i,’ltﬁ Fariz R en B 2 A > 2 HREY L
AT o B R v & F PRk > B TR A0 2t -
R A ERE TS SR CIVER LS A S i

Be o ¥ IEL 2 5% (Bacetal, 2010) -

Wang 3 4 (2010)14 ] 85 A7 3 $ % > 7 0if v & B L
FLe*lr LRk kAREPRvT A Rirsfamenfd
TR R R0 AR R AR & 9 s ] Fliic-1(tissue
inhibitor of metalloproteinase-1, TIMP-1)3 4c » r13rd| A H & 30 fs
-9 (matrix metalloproteinase-9, MMP-9) £ 3> & @ A5 = "% M L F g »
- FERET R B v E A - 308 PR PR e
2§ A A EER B5 A% b pEs FIE AT 4 BBy pede il

Ho-l eh3 A 0 12 K L iE % (Wang et al., 2010) o

o

PR 2 A (199523 > B Fokg g o sk 2
¥ RAMERS S ik TRk B VB ek -
PP PR EREHAF S 2 g LiEr 23 T ik g
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Etd T B R RERAE L DR Z D R R FRSE L Lpd
FER NI ERLEIRE LSNP SR R P

Ei o TR ek (LFk T AR 1995) -

¥- 25 0 BEAQ00D)E* ER-RER > M7 g~ MKHE
EEFHRFR LHRKTREFHEFIH D7 FFEL R R
¥ < BB R Brps s g St b B S R e Ry
(% A8 % A4K>2001) « P ERE ML S H w2 Bk &4

VEEE MU OFAE ] BB R B F R AP S TR

1(2004) 11 % B kg i TR R A R MR SRE 4 -
Bgnd Fdefy R A Rk R oER 17% Fl B3Rk T
R TR ISR R RR 0 DGR & (Rl 0 2004) - ¥ 4R

BpE & A (1996) 11" ok H T F o AHE 2 R R T RER G5

\-‘-(

RAETER DRI i P ERbH LTI F 3R 2

j“ﬁiﬁ N 7‘%“13"—5%«]‘:?[:].?—,24 Fralivr (X "5'\33%] ~ F g s 1996) o
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313 BB g B

Y FEBGGER L RS S DY R ITE LS
(XM ST BN R IS S I ORI AR, S 5
B FHp Dig 8 kR DT R TR e
Tl TR A R e o MY g e %‘%g@;}%#g Bl 2o
fosapigd e g o (FR 2 AR AH) T AFLH

AT EE AR P AB P REAE ST o a (R .

FERAH)CZ T EA T 0 FEAT CRIN A SR
BABFIF > AR R AF] s AR | A (ER - ER
Wy BlED CTRFENST2ZFOHRZT 8 2 @4 )R &G

PR o

VAR R o) T THREF RF S FAERS

P FLA TV FIR Bl o H TR R SRR P o

g

PR S B BEFERP T REAF RS T A o) M
B P AP IBERELRFEFRRFAF S THFT R ok
Gk G4 AR LG I T ROPETF L - od i T ER

LR A R s 4 g B

g
4
P

e Hegg e ri d 8 Anfd >

g
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o FEpNG o burE Y o F S p‘;;ﬁf;os:—@,j\, EW AR R

AFEHOMF FE o ALk S 2 AW AL s
T PR T AT T AR d o BT F R

P HAAR () E 8 5 (2)

=z
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t

3
[
2
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Pmddea BAFFYEEZER LG FEHFFINMKE A o

¥R G IR o By R Y S EREFH M FEE

=’

Foo AR R S RS S R BT I

FORS S F I Rk R A RS BB A ML 3

B FE TG B e BT (%:;éé’;é?]is*i A 52003) 14 B

EHRED R o R DR A e~ LATR P R R D
BoRaUR 2 T TR s R B ;?_u_ »]zﬂﬁ\ﬁgé—“dvj\
R 4 DT ’ﬁ{%é},u; SRR A 2 AR R E LR

AFE YR 3 L ) Hr]‘l\/w\ r g (FRE 2 L2002 % & IébJ
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Pk s 2R s g EaE 5 2004) 0 BN P EA GAN 0 FREIR
EAEH RS RV g S RABABRZEF A RS E L
AERERERRH BERERET G E 22t F L& PE
Mg - (CFEE A 20055 FRT 0 2010) k] THEH
R AT A EERA A Ny 2 F o AT T MOE
3 2
RRHEAN999) ] REFLH G BRI REFR
B B Rigp Eoegg @iy 5> o 45 1 5-55d 3 @&
(5-Hydroxytryptophan, 5-HT) ~ 5-& ¥ %z fi fk (5-Hydroxyindoleacetic
acid, 5- HIAA) 2. 2 £ 34 > * A B P & > F R Flewe 4 8 0
AR SRS EREHET SRS Y R e 1Y
A G B A AR e g (% (GR2AT~ BEIR%G 0 1999) 0 @
213 % 4 A u3 2000 £ 2007 £ 3 (7 NEILAT Y W A d 0 S F

FoKfRE R VE R F AR T R AT AR K

%‘p\_

ja g

RTRFRARAE AT LHF R ] RPERPFER D R

THEAT L LHFE ] R P FR HpERE S FREFH A B

o
7
3
e
¥

PE7R PR LT L LA 2 PEREIRY 0 A TR R KR E

¥ Bk ? fRdLE Y (B{pth > 20005 2 K2 ~ 5 T AF
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Y- 25 > 5REQ005)9% 7 AP ARG EIRE 0 k) BLE
EFARRE e KB Bl 2z 2 PR/ EUTER -

ﬁ]‘g}ﬁ“ﬁgkﬁjﬁﬂ_%'bﬁ/g,ﬁtb?i‘r ;Ei W——*i%"]ﬁ ‘ﬁ?%ﬁ‘ﬁ%’rﬁ’)

\\\

g e @ TH(1995)# denET g Bldn A B S N EHPT
ik AR M R kAR B T R 6l & (ThK]1995)85(2000)
RUR-E ok o 3io s A ie 2l v o BIRA T T MR 6 AR

GrfmEMEAL (BT > 2000) ¢

:\_
BN
s}

TEER LA FIE G o PR T R A (T

1

REL

(

=

RAMEELL kL FRERD B QR G GF o it
B FRA R P PHETRE S S BB TR R
S RERE RIS TE LR P DR & TE b
Wy o d FeaiR b p ¥ ¥ L R L2 5 3 o Pk
PP > FIPEFR 515 0 H A ApT FR TR 1 ika Bl R

ENE ToF I NEL BUF SRS N

45



32 pd e s RS )5_)?5
3.2.1 A4 d R3S BB

pd A& (free radical) Bdpd P Bt » B3 Bl ¥t
Foendpd A A Gl d o FlE A S R g 5 LH o B2
FHEPE DL AR EREIRTEE G DT o
FARLRE - A PR A B EFETEARY T AT RkR2 T o
MBI Y FEFEFATREF TR A TN £ AA
§ 1“4 (superoxide anion; O,) A 4 o & iz P 22 chdg § V4 € i3
>~ BE ET%‘« it AT mie R B KA i me =
EI LA ERE LR PR T AT SRS &

a5 % (Nespolo, 2017) -

o)
pall)
P
R
=g
>~
s
[
Q-
A
*T!h‘l
G
=
o
|
A
ﬁn
A
ETINS
>~
s
g
B
Sy
[
|

GEAE S F I ASREARY R e A tp o H SR AR B
it f&¥ (superoxide dimutase, SOD) # i* = i ¥ * & (hydrogen
peroxide, HyOy) o A R eidg § L ib e v & 5 =48 1 (- )~ 4F ~ 4542 %

i v f% (copper-zincic SOD) s &>t imPe B | (2 )~ 4pAc ¥ B i\ iz

—*

(manganese SOD) 15 &2t 2 L4 ¢ 5 (2) ~ mfe iR dg § i s

(extracellular SOD) 5 &>t e B R~ o ’]\' ST R IE B AR
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;% (Vaziri, Dicus, Ho, Boroujerdi-Rad, & Sindhu, 2003) 4% ¢ 4F ~ 3
T fider Bie* ™ > 3 1V NOfiEf e &2 BB 02 N2 g
% p d 4 (hydroxy radical, OH’) - m H,O, % jf4t (catalase) £ ¥ 3%
A Fiig s it f= (glutathion peroxidase, GSH-PX) * & ™ » ¢ B R =K
(H,0)> @ # %% 3 i p*r(myeloperoxidase, MPO) & d = % ¢ 13 A4
v A HE PR A S e AR o A B s A 27 3 HO,
i EFHz pd K= i f (hypochlorus acid, HOCI) (Tepel,

Echelmeyer, Orie, & Zidek, 2000) o

SFALET o PRLESF CPEE R LA EAPM o doo  F L B
PRAL Y s R AR BRE S R R S A g & (Malle, Buch, &
Grone, 2003) o A 8 ‘mP2 BB 5 ;“lf‘i*?a o B I R & LR i
Ay opd ARE B2 T o g2 s it F & (lipid
hyperperoxidation) » % 3 & *3 % 8 ¥ * # (phosphatidylcholine,
PCOOH) > I 447y B % & 4= (advanced lipid end-products, ALEs) 1
5 % MR "EFEE (oxidized low density lipoprotein, ox-LDL) 4% *
& o Km0 B R EFEE (high density lipoprotein-cholesterol,
HDL-C) £ - F it § (NO) " i< » Fig *n ¢ p 4w i R

(endothelial dysfunction) » ;s % f & < 4f (endothelial injury) » * i&
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- ¥ 3% % B "% @ i (Albertini, Moratti, & De Luca, 2002; Galle,

Quaschning, Seibold, & Wanner, 2003) °

pheb s AEEREABEY > Flpd Rend VF R SRR
v B & 4= (advanced oxidative protein products, AOPPs) £7 2L+ 4 g ¥
AP £ % f& (asymmetric dimethylarginine, ADMA) » @ 5 enR % o
A, MU MEPEY % &+ (advanced glycation end-products, AGEs)» 4 >
A Ak & (pentosidine) > BB A H E AR S R LR kA D

2 o % 4 (Dawnay & Millar, 1998) -

322 fd A A ML BE

FHTFLRT AL H5 A

“] <
uid
Je=

sk
ot

=]

>
unl

=i
=
=%

A
3
&

)
ey

—t

&
N

£ 7 2 sk s (Karnovsky, 1994) » = FlH E gh 3 § i 54> 3 5 &2 H
G AA R R BRI T S adp i Tl - i
F 4488 F O (chainreaction) > HR { fenpd A o

ﬂ,«_}_#m]?/.ﬁpﬁai%,éleré’F‘p_Ip)‘]f’}l' » & L##%ﬁé& _ﬁ

enp d AR > LB E A F (reactive oxygen species, ROS) » gt &

My sv s ddinjmd pd ASipl AHAY O FoA T 3 4T F
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e - RFF 2 542F 243 p o d A (superoxide anions radical, O, )~
i# ¥ i & (hydrogen peroxide, H,O,) ~ # & p d 2 (hydroxyl
radical, *OH) ~ i % i* p d #& (free radical superoxide, ROO*) % (D. M.

Miller, Buettner, & Aust, 1990) -

F-2a o FL AP REG FERERE R wie TSR
B RPN TS B - e T BRER T RRY A S
B ok 0 5 A S 2 PR (ATP) ime {1 % > #5 ROS 5 %
AR T 0w T BIREARY LA E G CINATFAATHE
(leak) » 2 =3 A+ ERAAAQF KT pd Ko m 8 F e
ARFEPEF pd AX € XIRERNMY P4EALF B 1L fF (manganese
superoxide dismutase, MnSOD) i it iv% > i&m @R 2 HEF 1 &
(H,O,) > % i3 & f FIffps (catalase, CAT) L%k H "xiF § (- fis
(glutathione peroxidase, GPx) g it » A= § & Ko F {5 — B » w2
Foeadgs ledr= pd A& ¢dgd /&AL I 5 (copper/zine
superoxide dismutase, Cu/ZnSOD) it #* » # g iF¥ i & » ¥ £ 5 CAT
2 GPx @ e e P L EdcfEF CpEauE T g R

SHEY o ¥ 3 o &% (B 3-1) (Valko et al., 2007) ©
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1

NAD(FP)H oxidases

D‘*-—Mg_aﬁ?—’o

2
hvxp;_lx;?rll.;lrls xanthine
uric acid

H.O ; 0,
22 Fe"'\*/l

LEW* O agag
DNA

mitochondria
GPx
13 /} damage]

vit C
OH

ce-Lipoic ascorbate
NADPH+H!  ALA A N ) LOCH
W
ngg:dgg;eg radical Fel 5 LH
Fer™=" 114
12 11 8 ot
i Fed* 0,

Dihydro- ."]
lipoic acid vit E ,I
NAD* DHLA GSSsG T-OH LOO = £ L
Lipid peroxidation prncess f LO 7L|p|d peroxidation
B " G process
cycllsallo a0 =
/ 18 15 \ o.
R ,/[\ e‘f._x'\_.f cyclisetion
SRn 45 = e
19 malondialdehyde B-hydroxyacrolein c_,,wUR
(MDA} .
aoH 20 " i O, +H
—T— o
% 3 — 16 Fe
B=Scission
H,O
o
oH [

o—0 ytoslne
Guanine \W
z Adenlne Lhydroxynun?nal
ey

{fk ’j - 2H,0 N H
fw ﬁ/L /\j\l’\cm

decoy!
¢ 1
Mhe N“‘;J N o sG

e 3 I
ey M.‘A — M.‘C

A R H A AT e
o 95 Friebe % it {7
AR R R ped i B h R e FEF R
BEF oo P

E«‘m»

E vz 'w*2 (macrophage) v s i 2 31
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d A {5 3 faTk I fF (guanylate cyclase)i# f* » 10 2) 8 = &y @
(second messenger)—3% H Bif& § 3 (cyclic guanosine monophosphate,
cGMP)(Friebe, Schultz, & Koesling, 1998) ¥ % & 4 £ F]#c (epidermal

growth factor, EGF) ~ %4 § % (insulin)#? 2 % ® %

ik
K0S

Z_ 18 > WRIT M ¥e B
2 5 CPEErEgaEt AL Y o nEFR L BE s Ree 2 L X TN
Fropteb o A qg¥ g § iR R T fr(redox homeostasis)2. % 2R iwg it
BT aFpd Ao T #7(Droge, 2002) - i St % E R A
FoA BEFIRA AASA G LRy T EAZT R
(oxidative stress)id = F-v F X 4f > H I 513 A I A 24 (Kovacic &

Jacintho, 2001) -

S F guE R AT i H R mE ‘;Eﬂf# S PR R TR Bed B
B3k 0 T 5142 i % (Valko, Rhodes, Moncol, Izakovic, & Mazur,
2006)° ®r i B F A p o A B Lok ok BRFIEEHE R
2pd A€ 23§ 5 pEY ph(deoxyribonucleic acid, DNA)A &+ % 2 &
J& > %3k &+ (purine) ~ #eE(pyrimidine) ™ % 2 ¥ % (deoxyribose) 4
+ R IFE A ¥ Flée A Y 5 4 v&eA(guanine)ip § F 2 AR P d AITH
~rgpd AARECDNA TR GRIG 0 2 EAk LRIE AL

8-% i 5 &4 (8-oxoguanine, 8-0x0G) » Flpt 8- it 5 wked AR 5 TR
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*iz 4 F ("Comparison of different methods

2853 § PP P
of measuring 8-oxoguanine as a marker of oxidative DNA damage.
on Oxidative DNA

ESCODD (European Standards Committee
Damage)," 2000) » £ H AL g * *v 32 § PipEPipAg WA ¥ 50G->TH
WA 2 RO 7 (Rieger, 2004) o @ B R iz T 3 §F PR RK
FAREF—LTFEFF o P €3 > ek Tk (imidazole ring)ik i~ B - &

] 7 O % ef e (2,6-diamino  -5-formamido-4-hydroxyl pyrimidine,

FAPy-G)en 2 2 (i1 B] 3-2)(Dizdaroglu & Jaruga, 2012) o
¥ - 2 % > Meneghini(1997)# 4+ p o A4~ B2 A7 @ 3>
Fenton reaction (Fe* + H,0, — Fe’ + «OH+OH )} 2 s L i d £
§CH PP BT Y e BRZ R T AEF A
AR B2 fs 0 A,RiEFE P pd A BT RABREA . TER 3-
Fipa ¢ % fx(3’-phosphoglycolate) £ 5°-#ifis  (5°-phosphate) = 2-25 =
A3 -ERRLC FEAZ AT E D §F PR E S LA d A

2_ 1% e (% B) 3-3) (Meneghini, 1997) o
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HN) HN) i OHN
H2N Ii“\} Hal i > ’ N>

*OH

k

2

3

) 3-2 %

ring opening ID |
E—
yo g H
o 3 Q
Hol" "™~ NH )tl
N*{D
HM
I H
HENJ\\N NH

hydroxypyrimidine(FAPy-G)

v,y )tg—w Hn)iﬁ

8-hydroxyguanine B-oxoquaning

O H
) |
reduction HM N>?H L'
————* ’ N/l% | n H 2,6-diamino-5 - formamido- 4-
’ R

&P 3 BT HE L Frb ik BB

(Dizdaroglu & Jaruga, 2012)
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DNA - 3" - phosphoglycolate Propenal base DNA - 5' - phosphate

33 AR Y RAF I RERREA) S AR

(Meneghini, 1997)

%1 e e 4§ PP EE(DNA)Z o B R E 2 F b B e o
g ® P T b A2 e forg AR A A (residue)® 2 F Ji(Siems,
Grune, & Esterbauer, 1995) km¥e ol @ mkPq T2 5 ~ % & {oig ¥
B A 1o § IR e s B A > I e s I o
R ELF AR F B e Finz BB B ABEF 2 R
i ¢ & B0 F % 1E(denature)d 4 2 FE s BB IRaPRAR  F-9
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Fhardagdpd ASgdpd Adgs edgs pd A2 %87 &
oo o FRAARL RI4AA ALK § 1L gt g 2 sk (cysteine)
v fr %L (methionine) 2. §2 38 £ H &7 ¥ (Stadtman, 2004) > F]pt 5% 3
(carbonyl group, C=O)#c& ¥ 4 F|* MFHiEMLE )= chko F i

% 4 25 (Dalle-Donne et al., 2005) -

323 Rk D A2 g e

d3pd AP ARE ER PP FIEL L T opii s Y
T4 ot 2 5 AP e forg el oo B4 05 L1253
iﬂiﬁ@ééﬁ%%%ﬂ%m%ﬁjiz%ﬁgmﬁmﬁ%gﬁ
FREFRMT EEWIEEAABIMAEBEE FRwe R
B s B H R 2 E 2(Wolf, 2005) 5 ¥ /Hp o A E frimte
Pdd FiEaddr BRE 0 RS % ER2 50
pOTRLIY A LR E BRI AR AR L ka R e 2 TR

¥R &

“t%v

PR R R T oY FE R 2t LY ST R
Wi ae® @S AFREE S 2 4 2 (Vertuani, Angusti, &
Manfredini, 2004) ; f SRR ERARUE TR 3 o SR PAR T s 35 AL
A3 Zor A 2 ohp = fE (malondialdehyde, MDA) » 7 & 4p § % {2
g efip 27 39 B PR E A 5 748 B F i (Valko, Izakovic,
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Mazur, Rhodes, & Telser, 2004) o i7 & k37 5 ZFypbgr p o A2 Juffe
B A ST A i B o v B A
PECBE LR T E R EARE L HER TG T L0 oo
PalApag 288 K 2 MO feedld el mly # T 00
FPHEFRT AWM By C2p I kA 2R A A AN
A TRy MR B RN R PR TR IR B AR
FELF R A AR REAFUASIIFEI ST LG T

(Valko et al., 2004)

LEEEE CTEY S S EE oW 3 RUPEE - SR
it s B g 1Y A8 R M 5 X BTE B (Cadenas, 1997) 0 4
Y ohdng 4T 4 SRR R A R R Sy I s Al e
B epkFdpdy ki 2B S AZF U1 fE(superoxide dismutase,
SOD) ~ i ¥ i* 2 fiz(catalase, CAT) 1 % 2%k 4 :§ ¥ 1* = (Glutathione
Peroxidase, GPx) & = 78 $ ¥ it % % £ it * (McCord & Fridovich,
1969); Mg > 1998) - m 2LEEZ MEfiy A X %A 2+ 0 B
P et AHE I Ad A4 T RERAEETEL bl d E E(a
-tocopherol) ~ 24 % C (ascorbic acid) ~ B#* % § % (B-carotene) ~ K%k

4+ X (glutathione, GSH) ~ #f & ft &% H is Jog * J o FBkH X5 4 4§
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Y i v 2 £ & (3 (Masella, Di Benedetto, Vari, Filesi, &
Giovannini, 2005) » F|$k 2+ *x 5 3F 7 2 3 ¥ % i Fl¥Hc (cofactor) >

4o BEH EF s~ 004 PRI A f (glutathione transferase) > 35 2%
HART AR RS o Big A p o zlwi ér‘ » 14
PEiEy A B iEY PR AT o m Bk IR Bk D R
8/ 2 3% 4 *X(glutathione disulphide/ 2glutathione, GSSG/2GSH)z_ ¥
chigd > mE AR A F E~ 2 5 C g AR v RB R

(Pastore, Federici, Bertini, & Piemonte, 2003) o

SRR SRV

U
=5
'
o
NS
|

R REN B kRN
(2005)4" 4 E AP HUEE R L2 B HBEAT Y o B A R

5 B s R R

LRHFHIADF AT kLA A

TR

P—2,2-B % = (2-7 AP k) sk B (2,2°-Azobis[2-amidino
propane] dihydrochloride, AAPH)i& (73 % o x 3k & # #5 F/ %0 6
FULIPP B XA 0 MG e » ERBEFITFREFR  FHER
Fots o M TR (T B /R0 B LB Y LIRS B

Klif%?ﬁ— TRps (E F&F&"’E’/k)iiﬂﬁ v Hoar AR iE o

M AP R~ )I?a‘g 3 % BB #(scallop shells) k3?25 AT &

6

T

& 18 Sephacryl S-200 gel filtration column 4 #{s » * £ 16 5o
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JeR 0.06 mg/mL T ¥ ] 67%A2F g+ pd KA 2 S PR 18
19 8.8 39 FEAR 0.06 mg/mL = 7 124rd] 80% &4 Fv frisid ;
FEC15-20 Ad-v FOEAR 0.087 mg/mL T F e 70%% F-v fa
(trypsin)im dd o 1207 FR X B4R 58 (7 A S A K dw 2 R RRE 0 A Py
# € 1.36 mg/mL 4v 1.53 mg/mL = ¥ i€ P2 3 4 5 :E 135% (Liu et

al. 2002) - 1% FP Pl % B B AE PG T A § G RGE A HA K

Pz 4 £ 4 £ Fl#He(Liu, Uchiyama & Hasegawa, 2002) o

F 278 (2006) ) B A L R HOE 0 B I IR
it {7 DPPH ~ f d fhjtgic 4 ~ BF L peapiat s BRY 00R 4
FILFRpF it BB aska it  BREFET BRI
kR g% > 2 DPPH pd gifrhiis g5 §7 30k 2214
mg/mL FF > DPPH p o giuf* 47 40% A4z F BV R 4 IR 0T
LR E G A A B (0)) B LD 0 R
P RhG T 5 @ 4 SOD-like /B A 451 740 B 51 b 15 87 LA
EBhbprE R RIDTARK 0 ATV AR £ 5 1.4 mg/mL o
SOD-like 7E47 iE 15% ¢ o B4 247 > BB R4 ~gFH
R EPOER L o P TR R L TR RTE o T

PAEPIERE B2 U E 5 g a4 o BN REE R
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RBFRQOINSF 40 > B BF F 11505 pd A4 A AL
(Q008)F 5 4y D cE A& ¢ ek BB hoi A 8 4B 4 4 -
BENAUN 4 SRR TR AR Hwﬁm%g‘a%?rz@,‘%@%ﬁa% » ¥
LR B AR A BTkp R A Ak 2Rl A E
FAT 4R T S MBS 2 A 3 A4 0

BRFALTREATEEREIRPTLET RS T kBP R

FoF LR A d AA(RE 0 2011 0 A2 3 0 2008) ¢
324 EpHE MR FFORELBF

FOORAELF g Ao Soiy VR Eo F A frang ko
TERFIFATHRD B ¥ o A § VRS Arildedne g VR
4 iER R EFE R MmN TR wf&,iﬁg RO G T
B F AT o e g (L hp s - B RGEE Y
(Reactive oxygen species, ROS) )= %] % > ¢ A) 8 4o T i oy T

okl - L3 Emirdgat

r
-\*‘r

tER Rz BT a ke s

28
Bga,a s il mie At VR R CAEV N ZFETEY

~
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i

Vd 2B (- ) EERE e (0 dRF AR (2)

B PR o F RS DTSRI SRE T e

e T e S E A4 P ,T*ogﬂ/‘*g LA

Pk s F VR4 A ,Rff;é,riiﬁvkiig\:i?}  iTE KT

7

B2or > — % i § (Nitric Oxide, NO) %22~ H F it R4 25 chd & F] &

—_

BREF -t g pIer-ge 3 CRRE B AV AL
4 % (Reactive nitrogen species, RNS) » 8 & k. » F (4% ciF § I
A Bz (peroxynitrite anion, ONOO— )if & H ¥ 2. - » ¥ & pt - 55 § it 7]
FEFR G EELY HA s FiR(TF I ITY (oxidation) > EE

s g A g3 pIpL it (nitration) ~ I A& 1 (nitrosation) 5 & E_I;
A J5 it (nitrosylation) » p* = B F it Fl R ag & F R4 G F Uy

(Karnovsky, 1994) -

1295 % (2007) %= 7 &% o

Yt

ERBE LR v FEPRP T E4n

e

Vel

oM ;-F‘—K//fkﬁ d A EN > SRR E L AN o AR LS

Ed

'

d ko L AR R oa B N AL SR AT 8 RERB
‘—%‘J-%gi %ﬁpqgﬁi F/’gﬁ?ﬁ"ﬂ;}'ﬂﬁi_ﬂi 4—%‘{ 2%‘2 ’ é._;}-?bé? L ,k:.l_-_‘% fj, ’ ??‘@F\'

FH AL EF PN R R L TR A S
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REEMI 28 R FRF oY sy iy VPR R
H PR REE o pt b > B HIRY 8 {8 > LDL § 1 chpE R ot B F 2
43 A hpat £ 3 S8 A dB e d LT A B PRY BB T G U b

ARz gmg ibag 4 o T4 LDL 2 § Y@ (& ¥ 2 5 2007) o

£ 5% (2003) 2 36 5% (2005) A %) £ 2003 £ 2005 £ T2 AT 0 ¥
AP BB E ML P EF TR AY P -
(Malondialdehyde, MDA) z & > ¥ 3% & x g v P it fF(SOD)2
s EmE s F R GRF D&l 52005 BEE S T A

F52003) e o T A R F RS FRIEE 0 J0 A

ALY M BRI A G TS EF - (E T o

&3@%4&&&?%%
3.3.1 4E3pTF A A H2 ik

LA AREY BE ST A HEMABE T 50% b ik
pro LA BRELETXIRAA LI EHERL LR PET
F2- o4 AMY A AR R L e RS T R
IS R E > BUBAS T S RA LR BRI R F A

R B R E R w4 S R LR s B B
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FACHFREE A EA LR R il T AT B EP AR

#ie (&2 2008) - %‘?—"zﬁEM‘ﬁ“* A HATAES 5 21 JF (B &

SEELTIE SRS T T RN T T

-~

ARSI R E B g SR EE
722000 T E AN CE AN R S R F AR R
fege s 4 (GERIE - 1997) ¥ p AFFFo p I e F

) -\—'—‘

2, 2 - , = B , = g By
pEE T AT ADE A BRIADEZHFEET T TR N LR

Fg ﬁ%d”x{ﬁg‘%iﬁ,hﬁ‘ljﬂ_?ﬁgl‘ F5§”’L’E'J-ﬁ’?§;l%i‘%éf?,s%&”,

E R AN R A R R R o L

3
A=)
=g
i
34
B
=h
F_*
P

’gt‘mlﬁ,‘?\ A St R TP ;I}#%’gr_’ﬁ BERE nE Rl Ar HLAT R E 4 7

Xt ¥ 3 SiE (%9 9 0 2015) o

332 ERIAFTAL2ZF R

HF LAWY DR B NV A 5 AT - BAS T E
BT - R RATETE S m AT A G kSR
L%&ﬁ%ﬁixoﬁmi AT o e ER et e it
ES R BASFR IR LTS EFES TR L FRE TR R
BRARDROFPRAAFIIE LA ZEmBZ T @ AT
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ik X AP AHFTREEE SR F R P HER
%iﬁ%’éﬁi?ﬁ@ﬁﬁ%ﬁ‘ﬁ%ﬁﬁﬂaﬁ%§’&%ﬁr%
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