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Historical story on natural medicinal chemistry of Taxol
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Department of Natural Product Chemistry, School of Pharmaceutical Sciences, Hebei Medical University, Shijiazhuang 050017, China

Abstract: Cancer, as the second big disease, has long been considered and continue to be one of the major death threat all over the
world. Scientists have purseued their dream of conquering it. Natural products have traditionally played a major role in new drug and
leading compound discovery and many anticancer drugs stem directly or indirectly from the compounds of biogenic origin. Taxol is
the most famous anticancer drug discovered and has been clinically used to treat breast cancer, ovarian cancer, part of neck and head
cancer, and lung cancer. It is a diterpenoid alkaloid with anticancer activity, its novel and complicated structure, unique mechanism of
action, and limited nature supply have aroused worldwide interesting in the scientific field and make it the key point, including new
biological resource, chemical total synthesis, semi-synthesis, derivatives preparation, biotransformation, biosynthesis, bioen-
gineering, structure-activity relationship, mechanism study, pharmacological and pharmacodynamic study in the latter half of 20
century. Nowadays this year is the 40th anniversary of Taxol finding. This paper, which summarizes the tortuous discovery process of
Taxol and contribution of all the scientists involved in the study, is dedicated to these famous natural product chemists for the research
and development of Taxol and its second generation.
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PEREIREE AR N F DA, EUSC AR T L R
PR 2 SATMN. EEE (Taxol®) RHCK
BT M RRGUE L —, ERRISE T
AT RARZGIWT S0 D 5 A5 0o 2011 42 KB
SENSWEGE R 40 JAE, AN SO AR BRI 47 17 50
REREHEAT R AR S 5, DA XA R R
[F) IS 75 B RS 48 2 I AR LU o

1 IRE=S

B i O Coh At S 25 T AR 3w A A R 1)
RURE, SR S LR AT T AN (1) %%
Jo N T I DGHBUR 2, Bk H
TN B R RIR W) 1955 4F, FHEEK
JEE T (National Cancer Institute, NCI) il 7. T E 5K
FEREAIT IRZS Ly (Cancer Chemotherapy, National
Service Center, CCNSC), 1958 #ETFUfi K MUAR A
Yy h i e U A SOy . 1960 4F 7 H, NCI L35
A2k # ( the United States Department of
Agriculture, USDA) WHEH)*: F &4 7] CCNSC #&
B 1 000 FHHPBLPTE 250 L . 2 20 HHEL 80 4F
X, NCI W3R BNGEITRE ALY, SxHs b
35000 2 FHaY) L IREAT T IEVEDEY, A2
A IR KT v 4
2 EEEHED

21542 Taxus chinensis (Pilg.) Rehd. M FREEAZ
BUARAARS , AERI Ay 2R EHE T r Ry ]
(Gymnospermae) A1244 (Coniferopsidae) ZL 5742
H (Taxales) 2L 5742} ( Taxaceae) £L 742 )& ( Taxeae)
TGS (Taxus L) Y, 11T LK Taxus
Al B T A I S 2R (toxicon) R, 40042
SEAE AR 4 200K )1 5 15 BE R ORIV 56 Rl fe Ay A e )
TR A MY —, {ethiEk O 250 J14F
IS, BePR AR EEM “WEa 7. AU
T AAEA - BR, At S NI A T R
L) FAR AR, BES B A 2R Rk, 405
KSR A B A S AE 1856 SF# 7 15 21, Y I 28
JERN— M E A Mgy, TR Ha s A
“taxine”, PRI IRHEKY, JEAHITE “taxine”
HAOEREY) . HE 100 ZE LG4 KL “taxine”
G 2~3 N F B DA T gy, b R
KIJUAME G WA 458 R & 242 8¢ (taxanes)
TRWEY, RARAEG T C-5 4 FEA AN
BRI EE T O, 450 Al fir 44 8 taxine A taxine
B &5, IbfG, SONEALEE ZwAT T L r it

505 ANEE MR IE B A S AR 3 1) — R R AR = 4P

1962 4% 8 H 21 H, BT SEE AR 1)
%58 Barclay T L1 3 AMFFTA— il WAL T 36 [H] 18
ST R) 5 A ] SRR bl A R T RS AL A
Taxus brevifolia Nutt.. Barclay 18 4K R AT
ZLIAZFEAIAE 36 38 5 [ jl 0 R~ N A S0 i kAT
AT WIS IR PEIfTE . 1964 4 5 H 22 Hk
AT A2 B B BRI 3R B CHR U AR T
NSC670549) X KB 4y afh, #t - PryEEL
WUF SO B A YU . 1X—SE50 45 AU
T Barclay T 1964 4 9 H X i A 3 7 R S 4b
BRI T KEN R L SN . EHARTTA
JIIA A R L A R B B b 08 I 5 40 i
PRI KA 1T fi 16 A 1 a2e 2 i 46 Lt — 22 S e
Barclay {8 440 GAZW 1% 21 52 [ AL R Bk gl
H = fW57 T (Triangle Research Institute) [ Wall
LR, Wall PR A [ 5 b 2 2 s
AT E B, (camptothecin) FIZRE6, X b= AEA K
(K. Wall 11537 Bl 5L A/EE Wani [0-ET45
PR 13 3 SE B R R 21 AZ W AT R o
PIFEHCRI 50 2 TAE . 1966 4 9 H MORFAELL S AZH
BRI 53 B A BUMIE AR R R3S PR s (bl
K172), {HRWCRIR, A7 0.004%. 1967 5 6
VERAV NS e EANGE e sE €t W S RN VST &
A, Wall 45 Hg 44 4 E5AZEE (Taxol), KA
AT IS AN FNTE SX AN AR Ak 27 46 R T A H 5
B AL, AP “ol” BPFREESE, 1 “tax” ik
HLLEAZ, BIRM PRI RN .

1971 4F- Wall FI Wani 1 -+ DL & 5 [ b 50 K27 14
mi A7 5K McPhail 18 R A% RE S LR BA TN L X
RIS E T RAZRERI 22 A58, RIS R RS
MILABLT AZ B A5 2 T LR A ) () 3 AR 45 74 A1
6L, #BJE T 6/8/6-taxane FIRIA R, BIPHAN7S 0l
A 1 AN\ TR I — A R T %O
8, B RIRIEA 1 AUICE I LA 1 AN A T
JHe S I A R 2R N R BRI BE s 701 hit A 11 A2k
O ZAEREHE (K 1~3). WA AR REtliE
eI % AR AR R KR ). 1971
F5 H, EEMESAE (Journal of the American
Chemical Society, JACS) #i T iX /M) Z oG
PERIRRAL S, th PR RS ES, HIRE
A SRR I, G5 (R O BE R e T DR ALE |
AR IE U R AT SR T B E .
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Plant Antitumor Agents. VI. The Isolation and
Structure of Taxol, a Novel Antileukemic and
Antitumor Agent from Taxus brevifolia'?
Sir:
We wish to report on the structure of a novel com-
pound named taxol (1), isolated from the stem bark of
the western yew, Taxus brevifolia.®* Taxol has potent
(1) Previous paper in this series: M. C, Wani, J. A. Kepler, J. B.
Thompson, M. E. Wall, and S, G. Levine, Chem, Commun., 404 (1970).
(2) This investigation was conducted under Contract No. SA-43-ph-
4322, Cancer Chemotherapy Nationa! Service Center, National Cancer
Institute, National Institutes of Health. X-Ray investigations were
carried out at Duke University and were supported by a Duke Endow-
ment Grant.
(3) A preliminary report dealing only with the isolation of 1 was
presented by M, E. Wall and M. C. Wani at the 153rd National Meet- 3'
ing of the American Chemical Society, Miami Beach, Fla., 1967; Paper —CH
No. M-006. 615
(4) Taxol has been isolated from several other specics of the Taxus
genus, including T, Cuspidata and T. baccata. We thank Dr, Robert HCOC6H5
1 ERENEFHENUBIMERLRT 1971 EFHEELFERE
Fig. 1 First report on Taxol structure as letters in Journal of the American Chemical Society in 1971
B2 EHEN M=% SN
Fig. 2 2D and 3D structures of Taxol
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sz 3 = > o (s P v
. oazn g JUPERAFAE T P EAZ R, EATRE AT WP 2R
NH : 5 3 B S /e b = AR H I Jiufy £
oo Al fon FHGE, ROARR > & 2 DX s . A4
p Jali] Ay 3 N2l Ay » S,
) AU AR _ MRVR, RS SRR R . (7R
T T T T T
8 ppm 7 6 5 4 3 2 1

3 ¥A2EERY '"H-NMR Eif
Fig. 3 "H-NMR spectrum of Taxol
3 EKEEERNGIMR
TP RN e ER AL 2 kg Ao A IR B, 4%
IBEACLL GAZI B PR, AR S I R 2 4 /b
12 kg M8 B2 A4 BEAF 2] 0.5 g 2o 47 (PR A2 IE, I,
FER R JUAE PR A RS PR e — PR S
wil. BHJG, Suffness 1 IMAZ] NCI, FRA#
5 3 P R £5 28 DA R A7 75 | 3 (1) g 6 0 S A2 i
TR T IS PETRE . 1974 4R IERAZBEXT A (1 5208
B16 HATMRAFIIEYE. 1977 44E Suffness fi (12t
WF, NCIEEAZREGINFEEZY . 1978 4F 11 H
RIEAZIE R b% AR5 W S0 A0 S B A A (0 3L 55 B
AZ/Ne 1979 4F, e [E 2 PRI B 27 Bt (1) 73 24 B
K Horwitz [ W] T2 A2 B MR /E T BL
fill: FAZREAT LTS B A A OO I B
RBRRZNE T, HrSREMEEARS. W
ERENC BRI, AT A T AR S I 4

T T 1) BUAA REDL S AR K S o 24 4 i, — 2%
HE P 4P W AKALBE Ccolchicin) v K ik
(vinblastine). 4 Fbl (vincristine) 25 il &1l i
FHIEPCE SR R S M 2 hUm e . S5hif
22 5y RPUMIR A S, AR RIS — e
s EORG M EAER M2, B S0
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Fig. 4 Antitumor mechanism illustration of Taxol
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B, AR ETREN, RN R
P 0 25 Tl S AR 4 M S st R AR T o XA TR
PR T S SR AR R B A —
AT TR, PR A0 T A oA N AUl A A BT 1
R ESE /AP TP A

FASTERE PR OB RE L A I ple ok AR A A
(R RO 2500 . 1980 “ETTURN R A2 BEREAT 55
PAE G T T 1982 AE5E R T B AHIEST, [A4E NCI
HEHE LI IE RO 25097 (investigational new drug
application, INDA). 1983 4F NCI [r] 3 [E £ 5 25 5
ERLR (FDA) HITFIRIKAL: . 1984 (EEZEEAER
B A TR S TR RIS . 1985 “F TR
BAT I TR S . 1987 4F NCI R&E T
KRG BT TIRIBCES R, LS
G M. 1989 4F 8 J, SEEE K AT
(NIHD 3 A THEbR B ) 2 SO R I
], SRS A v DU 17 kg BAZE R
W3R T AL 25 IS R TR 1989 458
BT EAZEE I I ARG, 1990 fETFAG#EAT
L I R R o 1992 4F, i 5t 5 2 wlHEIF R %
W BEEE A FDA A8 T 825 il (new drug
application, NDA), 6 ™HJ5 (1992 4 12 H) FDA
HEESRAZ N i, SEZE A T W N S 1 AT .
1993 4F il B 52 2> wKs FLHE R i 44 Taxol®, JH3RAS
TR 5 G R AE T 1K) 10 AR LRI
1994 FEEAZ R I 4 85 RIS 4 14357, 2000 444
B EIR B 16 14387, A% A WA B 2590 5 5 %0
1 10%, @1~ PR B, K2R

b = \ 7:§ AR B ¥
@B&O Hov RN Z ~ Proom

HO OPro

i)

JER D #F1
5| NERE

FRoA “EREVES (block buster)”, 3RS T iF 30 FE¥L
JRAE B — I . H AR R DOk S
BES-IIPUMIE 2, RN SO A A
J iR R 258 .
4 EMEMEEK

SN LS 2 R A 2 4k . BhRe I AR
YIVE RIS w]SER PR TE AR ) IR A L 5
T RHEEZATRIRDGE IFETT 2ERA 30 24T
R BB G B, HiagdE
WAL, Mk 20 2 AL et 2 A ) AR
Mo 81L 20 ZAERIGE S5 ), ZTHE 1994 S H 4G
H 5 R4 2 FELIK N 7 K22 (4622 2K Holton Fl15E [H]
W7 e i T 9T BT (The Scripps Research Institute,
TSRD 14k 2% 5K Nicolaou FAMIFFTALJLF- [A] i
SER T A A A ), AR (K40 S
P (JE A IK)5 AB 3 ABC &) AR Ok
I A T C 3, fRAEAE— B ABC P4 5)
Pk, AR T HVLE A F KNS . Holton HF5T/)
2H 2 B NG AZ R G U 9L /NLZ — . Holton
LU BEZ S B4 (camphor) A lf Uk, 2k
B R EE LI 5 o RIS AZ I3 1) & 1% 7725 B Ojima
SR RER, H X FR A Holton-Ojima v, HA% &
AR W, SR TIAH] 2.7%. Holton 242
T 2 5 s A LA SO R (0, FERE D 1) 32 R D]
Z 120 10 IR EZEE T IR S RINVAERER
NI FT BSOS 22 Bl b 27 17 15 16 ek AR Re
Nicolaou [1)7 Bt 26 AT AT W e s (&
6), {EHH BWCREZIZAR T4, X0 0.07%2 47

ProQ .
Z oPro A EBIA ProQ
— UL — OPro
‘ R . ProOI'--
o R
: R
ProO BPro

FIAMIEE

Pro = protecting group R = alkyl precursor to ring C

5 Holton IFHIEHEE L&KL E
Fig. 5 Total synthetic route of Taxol® by Professor Holton
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2 Ja 9% B EHE L K27 1f) Danishefsky /41
(1996 ) Wil k2% (1) Wender /N4 (1997 42)
DL H AR K] Kuwajima /N (1998 4) Fil Mukaiyama
/NAL (1999 4F) 53 IAH 4R IE 56 i T A2 BEIN 4
F (B 7 VO gl h 2006 4EH A K5 T
MK 1K) Takahashi #5800 1)/ N 58 R T %42
BE A P 7 A R AR5, (AR AT
PSR OB, KRR LG AL i B — A
BII7KT e WEE B, XRG4
HRONEBAERK . GHOPENZ, AU EAEH &
B, T H R N AR AR ], R RAS,

ProO

OPro OPro

et M0

JER D ¥

OPro

ANEG T (2, ENTUEIE 2o
HORBLT VFZFTIN . I SN, KRR AL
MEALTA S AT HURE LR (10 L FH R S 17 o 5 4T 11
s SEARFITIENT AL, LR (R s L e
W BIEHAE, SATHLE AL LURATHL SN B 21
RIS . SRR IR A HL
W R s B R IR, AHLE
FRNAERIAT A e B AR 7 AR,
A A UL b TG BT ANESS ) .
5 EEERFEER
REwREGRh TR 7RI VT

Pro

JERL B ST 1A

LTI IR,
FIAGE

Pro = protecting group R = aryl group

6 Nicolaou ZIRHIEHEEE ML S TE

Fig. 6 Analysis on total synthetic route of Taxol® by Professor Nicolaou
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Fig. 7 Comparing on different strategies of Taxol® total synthesis
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f 255 T EURA m CVE A o TR () R
SRR GIERE K218 HA S 5, — M E
1222 em, FWE9 m RS R 125 SERES, I
W AR, T K2 0.3~0.6 cm, IXFE )RR AT
DAFF B LT 2 kg A4 B2, 1T EEAZ BE 200 T B A A 341
IR S P . 30 t B BT LAAR 2K 4T 100 ¢
BRICWE, ARTKL 150 J1ET0. IARERBSA . itk
BIW 2y BRI R AZ 0, BEZRIT . 2% N
BRI BN 1T HIRA AL T8 ARZET
PRI . FERIZ IR A R A BRI A
e RAR I AR5 AT BRAE 2 T SRR PR LR
A G FHRERSIIEZEGREY, KRG
P I 27 N LA A A A B AR A R
Wigm, WK : WA S HEY o 343 3
(RS8R BRI AL A1) baccatin TIT (25 903 1k BLAR T
S, HILS R EAME LS, 1 H
TEALGAZER R s, TS 4 D402 RONAS 2]
R, PR 80% . IR AN EL I R I h

WEEHRI SRR I T BEoRRERE, (i3 Re4 %
WRERSA AT fE . SR B, 1993 4F Ml B 1t
H )9 [H 2L GAZ 1 R IIAFAE 8L 2 1) 10-deacetyl
baccatin 1II (10-DAB), fij 5% B 21 G AZ M- f&—Fpn]
PAFFAEI) %8 T baccatin ITT 1 10-DAB {EAH4)
oh R A A, DRI A AT T AR AR
FEXT X PR 5T AT F

£ Universite Joseph Fourier [¥] Denis f#1-7F
1988 4F- 1 ARG T H1 10-DAB 4 J5URL- 5 U AZRER)
WA (K 8), Bifif55&E Holton A1 Potier
APz HE T L baccatin I A J5URF-A BCEAZBEN
4, Holton FI Potier #SIAA 15 @ MR SEAZ B
IS ) R — 4 AR A A BRI P S i B A
TERAF5EE FDA S5, I Holton &A= 55
WBE, FFPOEAE 1994 AT 1E A Bz rh A AR =2
WL, BTSRRI R F R T N T E
FIMEIILLGAZ, AAE—FERINLL SAZ S R G2

FAT A UV LT AZ

+ PR PG

PG = Protecting Group
a: PG =EE

b: PG =TES
c:PG=TBS

d: PG =TIPS

(0]
Ph)l\ I;lH O
OH

8 EMEFEMIBLE

Fig. 8 Semi-synthesis route of Taxol®

TEMEFUEAZ B -G A I F2 v, Potier /NHA A
P R RGN T AR I -G R, ib
RIVT — A LA B A P T 4 TS S SR AZ I 2.7
RS, BVE R TT R i 254 1) 2 10542
e CRAZHFR, taxotere). (ERAZHEMIR - R AN
o5 ACERZ I G 7T oT R IUK (R8T P A A A
HKPOBW iy 25 [H ¥ Kingston Bd%, )i je3%
FEHARZZK Ojima i1, Kingston #IRIE W £ R
Gt ol v [ w7 40 G AZ R A2 )
6 &HiE

P WTO geil, Hurat 54T 4 000 Ji A&
AR, Horpop i, UM, FEdE. JE
/I I i s R Sk B S AR B 2, [ INE [ AR
SRAE AT B AZ BT ] 1% ¢ 1 B3 S HL At o A 7 T
(I AR5 o 5 [l Ji 3 F 5 FT 9T I Broder 18 1 %
Rl BEMEMMER. WHZE, NK5%

FFEREAR DTS, I7 Rl AN RN BN 254,
RIRR N R RE R B e TE B 2 7. H RTIE R AR
Yol FLRREE . ML\ A0 L B 5R A HOR T
Bk A3 52 i 1T 98 A A COHUAS T RO
J&, HHEAERMN IR AL . IR R AR 24
Yo s R 2 BT B od 1 L i v ARG 7 SR AZ I
KGR —MRAW T T 17 . B
(0] U1 B AR R I P B vk, A ATTRE R AR 2450
R AE H by K, KRR P Bt Ry . of
G TF R AR N DI 5 A G e 25 2 R s T g
FIBUE . 21 THE20I R AR W H O N R AR AT
St A, KAR WAL =¥ 2y 21 AL A
A B B I ST
SE3HK
[1] Lodish H, Baltimore D, Berk A, et al. Molecular Cell
Biology [M]. New York: Scientific American Books, 1995.



- 1884 -

L)

Chinese Traditional and Herbal Drugs

B FH10H 2011410 H

(2]

(3]

[12]

[13]

[14]

[15]

Kingston D G I, Molinero A A, Rimoldi J M. The taxane.
diterpenoids [J]. Prog Chem Org Nat Prod, 1993, 61: 1-206.
Wani M C, Taylor H L, Wall M E, et al. Plant antitumor
agents. VI. The isolation and structure of taxol, a novel
antileukemic and antitumor agent from Taxus brevifolia
[J1. J Am Chem Soc, 1971, 93: 2325-2327.

Wall M E. Camptothecin and taxol: discovery to clinic
[J]. Med Res Rev, 1998, 18(5): 299-314.

Ganem B, Franke R R. Paclitaxel from primary taxanes: a
perspective on creative invention in organozirconium
chemistry [J]. J Org Chem, 2007, 72: 3981-3987.

Schiff P B, Fan J, Horwitz S B. Promotion of microtubule
assembly in vitro by taxol [J]. Nature, 1979, 277: 665-667.
Parness J, Horwitz S B. Taxol binds to polymerized
tubulin in vitro [J]. J Cell Biol, 1981, 91: 479-487.
Manfredi J J, Parness J, Horwitz S B. Taxol binds to
cellular microtubules [J]. J Cell Biol, 1982, 94: 688-696.
Schiff P B, Horwitz S B. Taxol stabilizes microtubules in
mouse fibroblast cells [J]. Proc Natl Acad Sci USA, 1980,
77: 1561-1565.

Horwitz S B. Personal recollections on the early
development of taxol [J]. J Nat Prod, 2004, 67: 136-138.
Altmann K H, Gertsch J. Anticancer drugs from nature-natural
products as a unique source of new microtubule-stabilizing
agents [J]. Nat Prod Rep, 2007, 24: 327-357.

Ganesan A. The impact of natural products upon modern
drug discovery [J]. Curr Opin Chem Biol, 2008, 12: 306-317.
Holton R A, Kim H B, Somoza C, et al. First total
synthesis of taxo. 2. Completion of the C and D rings [J].
J Am Chem Soc, 1994, 116: 1599-1600.

Nicolaou K C, Yang Z, Liu J J, ef al. Total synthesis of
taxol [J]. Nature, 1994, 367: 630-634.

Nicolaou K C, Dai W M, Guy R K. Chemistry and biology
of taxol [J]. Angew Chem Int Ed Engl, 1994, 33: 15-44.
Danishefsky S J, Masters J J, Young W B, et al. Total
synthesis of baccatin III and taxol [J]. J Am Chem Soc,
1996, 118: 2843-2859.

Wender P A, Badhan N F, Conway S P, ef al. The pinene path
to taxanes. 5. stereocontrolled synthesis of a versatile taxane
precursor [J]. J Am Chem Soc, 1997, 119: 2755-2756.

(18]

[19]

(20]

(21]

(22]

[24]

[25]

(28]

[29]

Wender P A, Badhan N F, Conway S P, ef al. The pinene
path to taxanes. 6. A concise stereocontrolled synthesis of
taxol [J]. J Am Chem Soc, 1997, 119: 2757-2758.
Morihira K, Hara R, Kawahara S, et al. Enantioselective
total synthesis of taxol [J]. J Am Chem Soc, 1998, 120:
12980-12981.

Kusama H, Hara R, Kawahara S, et al. Enantioselective
total synthesis of (-)-taxol [J]. J A4m Chem Soc, 2000, 122:
3811-3820.

Mukaiyama T, Shiina I, Iwadare H, et al. Asymmetric
total synthesis of taxol [J]. Chem Eur J, 1999, 5: 121-161.
Walji A M, MacMillan D W C. Strategies to bypass the
taxol problem. Enantioselective cascade catalysis, a new
approach for the efficient construction of molecular
complexity [J]. Synlett, 2007, 10: 1477-1489.

Doi T, Fuse S, Miyamoto S, et al. A formal total synthesis
of taxol aided by an automated synthesizer [J]. Chem
Asian J, 2006, 1: 370-383.

Guenard D, Gueritte-Voegelein F, Potier P. Taxol and
taxotere: discovery, chemistry and structure-activity
relationships [J]. ACC Chem Res, 1993, 26: 160-167. .
Ojima I, Habus I, Zhao M, et al. New and efficient
approaches to the semisynthesis of taxol and its C-13 side
chain analogs by means of lactam synthon method [J].
Tetrahedron, 1992, 48: 6985-7012.

Kingston D G 1. Taxol, a molecule for all seasons [J].
Chem Commun, 2001, 10: 867-880.

Kingston D G I. The shape of things to come: Structural
and synthetic studies of taxol and related compounds [J].
Phytochemistry, 2007, 68: 1844-1854.

Miller M L, Ojima I. Chemistry and chemical biology of
taxane anticancer agents [J]. Chem Record, 2001, 1:
195-211.

Cragg G M, Grothaus P G, Newman D J. Impact of
natural products on developing new anti-cancer agents
[J]. Chem Rev, 2009, 109: 3012-3043.

SOEIC, AU, BRI, S RARAYIML TS
ZiJFR [J]. "hEEZY, 2010, 41(10): 1583-1589.

WESC, BN, BRI F. bR AW EZ TR T
BREE 5 [J]. B 5, 2010, 31(6): 6-8.



