g

EXNtTEAZOE 395404 A

-5
A BRI B e S

BR' R

RIS SEAER

REEEE R (LER

E AT 1 O A Azl m A  AH>3 AAPRH A AH
Wb— YzVY AT =— za P p YV Qz VZUEVA H
- s~ EQ9QIWHD | AY HAPp Mu —3 2p° a
AT Ha AsAnNYJ zZAblad~" I _H Amifostine (WR-2721) AV =z XS8P
7 FDADOANY®H VEzZ | LOAsa Q " nwvia | H ZRaN—®
2 7l ZH nY-> H 3 1 2 AT 2A?J AsA VAP=T
sSYVAYys P’ 2\ a4 HOPx -
E AT 7?7 POAQ P2 Q »
8S--- AV H action) EiRGEE(EF] (indirect action) Wikl (FLE—) : (1)
HEZEIFH ¢ SRR ERFFIAE DNA 43+ - {ff DNA %
RS BRERIRI I 7 E R R B B L 2078 IR EAim s - Il R il I EC e KRR S E 7 A Uil

WE  AEA > N O FEAUSSB BRI R AT
JETTIRRR BRI - (E RSO~ AR - ATt
W PR FH R S TR P S R - RIS R AN B R
HHEEZMIRIA o LA T AE PSR PR FE i e i
TR TR R L T RERA A BT - AR 2l
[FIfiZSRIEHE - BRERTE - SRR E - WA HHE - Y
RS IREE - BRI FEUSEI R 5 K TREFE O]
FHBREGTEUR - BN b 911 Uik e% - MET ML
T AR TEIR T REVE R - S/ NS 1R
BRMMBIRAY TREVE AT R - KRR B B
BB PR AT e S BTS2 B E i » PR SSEEFTf
ffy amifostine (WR-2721) HEATPAFEA] - HATCHSRE
FDA R FHRMRIR L - Bo e G T b (g2
TG Ry IR H A A PR A - DUR SRR o B Ly
Fs RARITER] -

TR E IR 7530 2wl R ELEEAE T (direct

B E R o B RAOGE RS © meiE - DNA §5(7
(cross-link) ~ Z4fs; (trans-location) ~ DNA B8 b2 ekl
(single strand break) - DNA B0 jiEEZY (double strand
break) <5 - [fi DNA SR fer 1R VRN

o

5
Indirect

&~

B— ARG SRR
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SAEHZEL - (2) MEEEA « BRSHRBE KT EAHE
e EHE (hydroxyl radical, HO') » 5246 H FHF&R:
TG R ER LR S E R 5t o 1R - e Rl
GE AR SRR aE Ry PR e S E S Rl g -
ANFE@EA LY N B ERALY) - HEARE
BUIRDIRE - HERERACEHIYLIRE Nk - MM LIRS L
HER (ATP) ARIVBERIE » SSRGS A2 7
Sy DAIERFEEAA AL BB AR AL DIRE - ATE B SR
FE g RS ENRSE - DABUEEMER R RE 1
= K 33H Yy, PH AXS
WAEY H° PP >

£ Patt —1IW AE Q@ (1, cysteine)

ap AV W ¥YizumPpbaoM v ez~ A
T HAP & 7 zHVY N H A4
T ZY zs L AT YT

A Pz 2uP3

D AH AV HAOP o AT X
3 NnYJv u zX=14 5 -
bIHN 2 A AzZAF AV zH5F 2
2§ AsA YVA?bl P P=T

? 7 H/bs AR
A zZza Un vy >
X 8EiD 80%

V—ZTIRODAQ TQ ED
ArH nNYVA

HYYZ v K H A4

T zéy U A

FRIPHRETIRVE BRI

— AV HRY bv d VAP H

A
W kzb AH AT nY i
¥ T« Hb =271 =24~ v 4
Us AZY . Tead Y P vy A

T HNYzZANYA N yvuvme E(Q)

A @ E A nNYYA Ha § HTr
G YyN?E4 o i1 PYAIM4UE z
AT Wo 1 =z A T
YvH E (superoxide, O,)7? A4 (hydroxyl

radical, HO') s 2  (hydrogen peroxide, H,0,)

A 4 Z JE

A NYH 4yEuT ’

H AV v

£y z = A
yEHAN ZPRPs

X Yi nYyz2 i
D 3\UHNYz A h — s8vYyvyy
D 22 yvosy i@ E AV vyPR
"Bz Azd VA HY
asy T ZY ? N nNYH =z
ZnNMd— 7 B Ps H A ==z\
-~ T (o} s o3 AD:Yz
HyaYy i L> ' bt
oA AN A "H  Pus? O
VA H=TH Z VA AH Ep A

capH AV nNYA H dozns ¥

(3, histamine)> AW
HYy H s " H
Vo Vv H

(2, glutathione) s
Yy e K
Ous 7 7
(cytokines)z N £ E (tumor necrosis factor-o
(TNF-o)) P1H  (Interleukin) P Y
Z&abo A H &2 zHNH
HYy +dp » 2 vosy 1§ H
v r — A8 YY b2YH i-»

(interferon)

A OYA H Az A SlozXsn Kbp2 i [=}v4
AH b = Nb =H ANzA =Sz HRY =z &, HnYv .
HS 0 0 SHL 0 H,N
H,, N
J 0
H2N:1\T7 Ho/ﬂ\T/A\v/ﬂ\ /L:H/ OH N/A\T;]
OH NH; 0 \NH
Cystine (1) Glutathione (2) Histamine (3)
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ba zxY AZzANY O13E2 " F —F(a) H
Rr2 nYA H b & \V/ h \ vE
HnY —vY nYd4d Z zrwv (5, thiol) H#&
3» AR
6)°WbH
SRSIPHREEIRY P38 52 (9)
A (pro-
AT Hu PR3 s ny drug) *2WR-2721 YA cE T© (alkaline
M BhAolM u =z H-Q ¥o> phosphatase) PYC Y SH [ VH
s nY 10 Hv» =z T s A  nYHNuz A4 nY -y
L 72 N WR33278 (12) H KADK Y  WR2721
H Opolyaminea®zyR ¥YDNA H uz
EXRasEY) YA~™ 4 szyPRp —H ZA NAF
HNY &uspM—™  pzx Z2 O ©s
2 AKEAmifostine (4, WR-2721) Y zPA H DNA>h2nY N
X8 u 2HY 97 vz A Lok AXSBP YO vnv®
wAQ B vy Z "QuH AQ Hnn i VY KQ m
T o nYzs= T KD nY ¥ ¥y A Tlhe H nY-><EBWR221DO b
—(CH2)7S—R;
n=2,3
R, =H, Ry=H (5)
R1 H2NCH2CH2CH2- R2 = -SO3H (6)
R1=H, R2 = -PO3H2 (7)
S.
HoN™ >N po,H, R, =H, R, =-SR (8)
) Ri=H, Rz-'N 9)
WR-2721 (4)
NHZ/\/\H/\/S\Pog,HZ
WR-2721 (4)
l Alkaline phophatease
5-Oxoprolinase i
HZN\/\/N\H/S p - NHZ/\/\N/\/SH (Active form)
0 WR-1065 (11)
OxaWR (10)

l Oxidation

N -
NH, H/\/S S\/\H/\/\NHZ
WR-33278 (12)
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YR2YY & D" ny D A" P9 P HO)s  WH A (peroxynitrite, ONOO) &4
N ~ P PT"K s TUTH i N

OxaWR 4 5-oxoprolinase 5 T WR-1065

H TyPRMd~UvDH nYy?p
AFL 2 AE biIl Ps bll
D (thiols)~ (13, disulfides)O (14, tri-
sulfides) Ps™b 2 A apl n
1 =) A H”l‘ 1314
mE(LH
A N—H 3AY"ZZn vitamin Czvitamin

A7 T iy NL o A i

E s selenium

O— AZEDV "
2
he j3 DAAD  (superoxide
dismutase, SODs) 2 X billD =
£ nNnCu?ZnsMn £ Ezap 3s
A4 HHYzZV E0)B N =2
HO)z ra% ¥ 3>  (glutathione per-
oxidase) @ =~ (catalase) >N AA %

K pzPsp VHEC HEW

-—

3 A )

(reactive oxy-
gen species, ROS)
RNS) A4 FEnNnzzZin

5, .0

N H H._-N OH OH
S—S
SORNS
S—S—S

Disulfides (13)

(reactive nitrogen species,

A4 (hydroxyl radical,

Trisulfides(14)

OH O

HO 0._0 I'D |
rmji:I%j7 HO 0 I'D
OH

Flavonoid (16)

Coumarin (15)

B O

Enzy n cH 3« A2 PR~ 3%
NE - A AT

prophyrin complex EE7~\

T Mn(lll)-containing
AQ H Y*zny
. 1 intratumoral hypoixa-inducible factor-1a
(HIF-1la) s TNF-a2h2\"\P ~f AQ
F L Mn-porphyrin A (complexes) N EiRabp
m A AH - WSODs AIb =4
EH . Az~ AV E&pb— H gk
h PUE I's ~— H=TpH nYz
K A Fin b NK— ASODs?PTUE =z
dF1 YH

v u O

5=

RAMRELTEY

5o

LT

(RIATS

(15, coumarins) s
D B o2 A
- oH

a6, fla-
[ TE: A

£y Ny

vonoids)
Cc 21,222' M
E?

D s

A

m

0)

)
HT

+ <

~

n A7

1)

b

U
-

#H 4

%= (17, a-lipoic acid)  "QNOMYAO P
fiAblzab— HYAt«zb \ KRy
—E " EO fii > PpHE z=:
D  YZAbIRQ FFF- i
H izb

r <
¥ H AV nYA
YR

8

AHE/b 2

ayM—
D #F b

&4 zey
bYH 61 D
A dovy T Y
i

23

Azn &
*YAGEA
H

ATEPHR &ERA

R ¥ = 3
< -

N
>

O
A~
S—S

a-Lipoic acid (17)

OH
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bl

bl T — \ bidl  ob ApbzH
APONcd *E@1) N A Lp Pz
ZNzEo Paak? ® EAAQR) &D bl

HETNu L u&zBKAaED AV
fiHNUE 4Es3 AZZNVA ? 3
ANEB) . bl ZzAPbl 32 A ¥ Q

ny-2p° 9P & dzbl & ADY
AH B Z kbl

Anti-TGF-$ (transforming growth factor B)
NASn zZY40Gy A
vk n A

z6 IO m~Ty K H

+ 3z d TGF-B pathway MI=/Q

T A NP

s KAr © (he-

1.0 mg/kg=z
Arz66
d s ai
TGF-B
A AHNYX zZyD
AT O nydh K
matopoietic progenitor cells)lz ~ mbl@  (neutrophils)
sKNa znk™K P blH nd
N K PKK? KfIBy /b »
YYzZy TERYOH
Ara ? |FT v progenitor
bl sK<NOH F SNt
ny </ ~/bH Zin stem cell
factor (SCF)"?FIt3 ligand~?thrombopoietin s interleukin-
3(IL-3) yNr AT z- B8 P
mE A NbDs 1A A
TNF-oo & O H '’ 2z A A
@ TNF-a. H nin H Az kMA
DAQ " H A YY2P dATP v
m A TNF-o. & ’ dA E IL-
I0H 2= A Ap aAlP vy A K
(blood cell ?DNA As m i HLE
2z A AV H Y2ha2\I1P dy 4
O  (genetic engineering)=iN genetic knockout

(morphological)

blz
Y

A7
\V4 A

26,27,?

therapeutic silencing
a 3nzvyvdA TNF-a E  (receptonz \I23

antisense oligonucleotide H

-— b4

"HaD T nNY™nm z= AT n
T =2b A YV
=

= (immunomodulator) ’

s KUk
topoietic stem and progenitor cells, HSPCs) H Yy2p3-
AEE B PZADRA=TH H
N4 2ZErz A2=5CH A
HYRznNY
yn z xfpk siE XHz
Ht

Hurfijz =a K (hema-

nyz
ViEEEZEHEbS
IS
natural Killer s lymphokine activated killer

HX# A-»

fiE 'z EBHE% (Panax
ginseng)z8i2\l H, =TT >BEEZE a
Ginsan 100 mg/kg - A4 A < Y KNt =

{&f%  (dose-reduction factor, DRF) ¥ ¢ 1.45=2
ny allogenic CD4* T lymphocyte s IL-12
H vz =Y IL-1BPIL-67SCF s GM-CSF H mRNA
H # A AV H i-»

Oxymetholone (18) OIfd  [EfE YzabD
o s YERMKEH VH z#EivD
% H AV  2>HEEZE a Oxymetholone 640
mg/kg24h rR8Gy AV AZ30 K
vig Nt 5%z b H Nt
7 15%/\DRF = 1.14->

2zt AR

7 Hba A

dA = bEHE (TAT-BHA) *zAA
Jbly ¥ A T UbAN T TAT-BH-4 R
At EZEEIFHAP dzfE A A4S
A aTAT-BH4 ¥9yvdA5 GyH  Fili #

(splenocyte) s fif (thymocyte) H ~ ~
Ib>

hDHMI2ERAAGD AV H Yzin
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N/bHXSn A AT
EdyEi (seaweed ecklonia cava)

QA7 -
& »2Eckol (19) &
bIHNY ¥z~ ~ &

(cyto-protective) s
WS
vy Vv

< (histo-protective) H\P dzaoi
(lymphocyte)  Ji%3E (Intenstinal)
A AFEIEH T NBzZnY

p53 s Bax K /b EBcl2 = AHYT
Toae

FZEE RS (20, Resveratrol) & D" /b
y 4 2 A¥*zap i S H A
BREZEA AQ H &N dA melanoma
blH STAT3 s NF-«xB Z =dACc-FLIP s BclxL
H Uik = H-UbiUE (apoptotic signal)  EA

VLD mitogen-activated protein kinase (MAPK) s ATM/

Chk2/p53 pathway #2A ~ ~UbH L& 1
TNF-related apoptosis-inducing ligand (TRAIL)

E (promoter) Ht® TRAIL H — 25L& me-

blz & Y ~NbH LYo

A ArzvED TRAILRH  zZ

ao

lanoma
v ag

a#FgiivdACcFLIPsBelxLH 1k~ H
NS TRAIL H  ZnKY
melanoma -~ H = /b L

Oxymetholone (18)

OH
HO l § O
HO

Resveratrol (20)

Arginine (21)

2 A

HfMcls (polyamino acid) VA RK E | N
BzEWEEZ YoalkimELblz N \E?34Lh
NUZEHERVIEOKPAVAUFT YAENT
b N wRAOENb O AH A B =z
Bl sHEDEHAI VAP dab AV
H & ®2>hMgiEE (21, arginine) sS4 (22,
glutamine) aEBEUNEZ ~&K A A4 K 8
#z d HaEE aol nY Yz afius
s HUEE BE & Moall &Y
IGiEiE KOl (KOEA 2

nsa A

ON-01210.Na (23) & chlorobenzylsulfone {37
VAGD AV H ¥ ¥z \Ia AD2\Hj

H Yz T« @VYHABA = 5EY Gl s G2 1
ERZzAP d~ A A8 a Azy i DNA
AH YzEH & HOEzYENY WL%EH
2 A—»
Phencyclidine (24) iltsIbE <Az
HO OH
OH o)
0 OH
HO 0
OH
Eckol (19)
HZNYNH
NH Oy -OH
H,, H
4 O /)
HoN HoN °
OH OH

Glutamine (22)
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o o8 S

ON-01210.Na (23)

V"HAQ ¥V [z~ 1# &dap AY
H ¥V ¥z b  ENY FizxEMYY
o ENEH HATyv A Adamantyl-tenocyclidine
(25) YRdE = ez vt AV T zn
Y 0 Afie AapiEkrEAOiH 2

Hoechst 33342 (26) 2 AaApb F AV
“ZnNY &  DNA | YHEZHEES
HERE a2 &q 2 EEE Hoechst 33342 (26)
- A A8 30 ugE ZHE D FH AV
“zido N T % s #HH T gz

KMAEOHe #iizvy dik = #Fiz
L REaEm NK -\l # {IAzZHbl Bishenzi-
midazoles (27) AR Z\IHEMEE{tzh Terbenzimi-
dazole (28) {2\l benzimidazole HERESEERARE
#S\ERzZH H #EHir-r FOoREe A

~

Phencyclidine (24)

(o (V.
|\
E:]

Adamantyl-tenocyclidine (25)
H AT

PR O PREEZTFK
HAPXrz

AT HEE
UEYVA HisE EYH AT
P& Ass, Aa{ﬁﬁ%ﬁ‘—lﬁé V|7l H
APXAz $AY @ T s PRV
> NP TFIEFHFEHAPEEES 3 73

dA

S OREBRYIEQW (curative) HOD ~ ZfT
H A % Ve HE S W<BasT
Hin  ° 1@lviE=HEABRNH A 3

i F'ESE EHREE (matrix metalloprotein-
ases, MMPs) ?»#AMMPs 2t~ 0 blIUfEiEr

v btEste SMEEHEE i H Ene A
H
c OCH,CH3
H3C<
TN N
LN N N
\C[ > />/NH
N
H
Hoechst 33342 (26)
OCHs, H3CO OH
OCHj3
HBC\N/\
KVN
H3C
H
Bisbenzimidazole (27) >_©/
N
TerbenZ|m|dazoIe (28)
it & 401 FERBATAFENTEAEOH
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>

Hs an

(migration)

Z = K

He/bN\ K~
N Arsenic trioxide (29, ATO) yvdA

H

regulation) D E

AQ ~

D ZAbl MMP-2 s MMP-9
(invasion) 1

(metastasis)
" @ MMP-9

“zANnY

= O

mz = AdA

Y MMP-9 H
17 im ~ BE
» A7 ?

EEARRERSIEAER

-ZK

(proplis, bee glue) =7 o
nioa - NotA ZA

AO PN P

bil onutocveée

phenethyl ester, CAPE) &D””

Y

dA <z

AQ I N

(down-

E kappa B (nuclear factor kappa B)

Fd
2 A

sa2Ww

X (30, Caffeic acid
H L“‘4S,4BZ
“Z e b HY

“iH

n 27 p’ 7

H » W% CAPE &D

A H BOZ YN AYY
m 10 AV A nHNY XS

Yz hAP d 4d YA cH

>

= A
a3d

2P0 <

N K Hunr) /b " 0>
o)
0
AS/ HO;@/\)J\O/\/\Q
EASg HO
ATO (29) CAPE (30)
& &8
VvV AT H _p
n 3BA H AT zamifostine
= FDASHNH AY za NTb

HEgEz ~XsBE FHREN bH ¥ BEi¥z
—3Z AT DZERRH _AZE%k O A
GE W EEREEA EDF|o AT
Hf s DEH Hi B fP®g-e
BEERREEIEARR S 2 ABZK ASAfY
APRESYAYE D T HWE H B2
H HAPAHANFRYE DH AT bligan
H Aalld#zyIviRYYH A7 -
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ABSTRACT

Radioprotectors also called radioprotective agents, can reduce the radiation damage. Ra-
diation injury mechanism is not clear so that it is difficult to develop radioprotectors and make
power of studying with expect to reducing gradually. Recently, the extensive research of the
radioprotectors and the mechanism of radiation damage has gained much more attention in the
fast development of molecular biology and after U.S.A. is attacked by 911 terror. This review will
cover the development and the mechanism of radioprotectors. The drug, Amifostine (WR-2721),
has been used for cancer patients against the side effect of radiotherapy and chemotherapy by
U.S.A. FDA. Current treatment strategies also are the further investigation of sulfur-containing
compounds and exhibited potential radioprotection activities, including antioxidants, natural
products and their derivative, immunomodulator, and cell’s hormone, etc.

Key words: Radioprotectors; Cytoprotectors; Radiotherapy; Chemotherapy.
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