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Analysis of Taxol and the Related Compound
in Exotic Yew (Taxus spp.)’

Myung Suk Choi” - Ki Hyon Paik™ - Sang Soo Kwak™

ABSTRACT

The content of taxol and related compounds in needle and stem tissues of exotic yews growing in
the Chollipo Arboretum which located in the West Sea of Korea were determined by HPLC. A
considerable variation in contents of taxol and the related compounds within species and among
cultivars were observed. The content of taxol was much higher in the needles than those in the young
stem tissues except 7. X media cv. Vermuleun, T. baccata cv. Washingtonii, and 7. X cuspidata cv.
Nana, and the content of 10-deacetyl baccatin III(10-DAB III) was also slightly higher in the needle.
The needle of T cuspidata cv. Nigra collected from April was contained the high amount of
taxol(1,027 ug per g dry weight) and also contained high quantity in 10-DAB III(267 pg per g dry
weight). Concentration of taxol in needle was significantly greater than those of meristemic and ovary
tissues. [Exotic yews growing at the Chollipo Arboretum containing 7. cuspidata cv. Nigra could be
suitable materials as a source for the tissue and cell cultures for production of taxol.
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.M &8

Taxol& 1971'd B HYF5(Taxus brevifolia) 9
o258 2el® diterpene” taxanel® WAt
5o g3 Aganst gl FGEHotHWani et
al, 1971). °] #3§E(Fig. )52 tubuline polyme-
rizationg ¢4 Ei FHZAZ|AR B2 depoly-
merizationd QAT A2 AF7AY AEEYE

At b Hold AgriRe s Ut

(Schiff et al., 1979). ey FFF£H02 day
AFq B ol fUY T U dAAEdA Be
o]z g} 9 AAMo|tHCragg et al, 1993). A
taxol® FFL F5H 2 RE AY FE e WY
of ol&Esta glovt AeiA da F EAFH U

dghd, A8 R AEdE T oA wel &
2 Axs s gtk Choi $(1995)2 @4t A4
FE9) taxol ¥ FHTE BAAA vt A4

RzAc  Baceatin I
R=H  16-Descetyl-

beaccatin I
(10-DAB III)

Fig. 1. Structures of taxol and related compounds.

A7Es doe 28 taxol ¥ HHIFE Y4t
& e gdFo] & FE AHE AEstod A
2 2 zaug gyer FA8E o] 3g¥eld
(Kingston, 1991). ©|¥2] WeyhauserAtst 339
SFAleknl g AgAdME FEY FHAA]7]
A2 E2REH taxold FE3E FAHE Awstd @A)
Akl n Qv|e gttt F59 taxol ¥ ##HE
FEo ke 7k T EoA of$ doksitn
defd Sled, oledt FRlol: Aol F3, F
Aol F& $HANAY HAUSFo o] +
A& AolrHWheeler et al., 1992).

JEFe &F L& LHS MAHE ZYSY HEY
FAYAL FPA7] HE et Aed, 1E E
% 2 =g wEe 874 A3y Tl o s
2o g% w=vHZobel and Tavert, 1988). 237t
Sl E BE Fo] EUdHAXT B £
& Astiy: 4FAeE Hed 3o ge 44
o aRIPIAE Ad F59 24& gEME &

A AR L d e FasY B3, FEL A
e FHEH o wold 15deA 3de] 49
He T 2ol ¢ IE9(Flores and Sgringnoli,
1991), AFo] wi$ =3, T|HE € FAAR9
ol &7tz wid FEHF FI sFH7 YA
A7) W] HABAe] o] FoR A Y= AHo )
wtA Ao FHo] HE $of AHzAL HH
o2 FEI AFHA Y 4EY 4 gl §lg Ao
t} o] AJHoA Sl AxE eFFe
taxol ¥ #AIJYE FAAEE HA £F NG
ol Fasth g, ) A FEe i3 taxol
2 FANEE 4L W 5(1994)7% Choi 5(1994)
of o8 st wl Joy JYFEE Yo
Y3 A= ofz Hag b gtk

FEL ZEAe HEFFSFE fyY, By, A
olrlotell zHAE= T, baccata, 31%elol Almol 2}
AEe T, wallichiana, 3=, 48 #Alolo] A&}
v T cuspidata, V= 2 Jhdtie] AAskE T,
brevifolia, =2t} sigte] 2Ask= T, florida, =)
Nzl s E T globosa, QEviAobe] FulE
glol zAE= T sumatra 5 MAAIXNCE 8F0]
th HYX FE42 "ot Aot Ystm Q)
o, 72006%9 ¥ 92 BRAE F FEL 109
Fo| Aol gl T v|Fe B A 5
Z Aus obgd taxol ¥ HVAFEE FFPo] gL

- 92 -



HFEY Taxol ¥ #AHIE B4

T3¢ Addsted e §o# Ao B dye
el Ly Edel AAE 109Fe] SHFFY taxol
3 HEE dFe EAS AF JYFE =9
S A 7xAESG AE 2 2ANYY AR2ZAY
g 2Ake7] e detgich

2. Mz 9 Uy
2.1 dEXE

FHEE AT HYxd AXF HeXFEL
AAH sle 1094F2] AFE taxol B HVHE
Ao &FE A A8 10 m gold EAAE
19929 11495} 19939 49 A3 Y3} AzF
718 Zeadnh B 2 RAE 50°CollM 244)
T AEAY F 01 mm HHAE FHEHEE L
FEE whEo] -T0°C(AA HAT)oA Bastd
4l AR

2

2.2 Taxol ¥ HHEHS| =5

Taxol ¥ FHEHY F& 2 EML Vidensek
(19909 WHe wysd dastyct. dzxRg
15g% 100ml AZdEA3 Y3 n-hexane 20ml
2 1247} #2359 n-hexane 7HM-HE& oitalyo
AAAL 7)o CHLlL-MeOH(1:1) £ 20ml
< W3 1243 FE3(0] S 23 ¥HE) 9
A FERE 4CIAH FeAHsAch F59&
CHCL9t H:09 E3-4-H4(Z 20m) o2 23] ¥HEsl
o ¥y & d4Esd CHLL 7H-7E88 7
3 B2 5548 2% MeOHel %91 F,
B#HL TLC plate(Silica gel 60 Fumy 1.0X20x
20cm, Merck)ell €gln AMfEgNom  CHLl-
MeOH(98:2)& A3t 3FES 2t

Regk 032 - 0499 017 - 029%%<] taxol ¥
10 DABIIe| EA3tn2 7} Z+e] #8& TLC plate
2Xe sl aelm o5& MeOHE taxane
55 523 F 239k w598 239 MeOH
o] o 045 um FH-type Millipore filter2 o 33k
% HPLCE A#¥4sdd

2.3 Taxol ¥ 2HEH| HarE4

HPLC(Spectra Physics SP8800) ¥4<& Curosil-G
column(250 x 46 mm, 6um)E ©o|&3d HF
taxane 3EI d|wate] HFEA Pt £&Y

(10mM ammonium acetate, pH 4.0: acetonitrile,

55:45)¢]

42 15 m/min& 3geH, UV 228

nmol M z+ 3}3ES FEeTh

2.4 Taxol ¥ #HERS MSEH

Taxole] HAH4L electrospray mass spec-
troscophy(VG Quatro Triple Quatropole mass
spectrometer, Fision Instruments, UK)ol 9 &
£9 spectrum¥ H|w EXMsgom, MeOH-H:0
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Retention time(min)

HPLC spectrums from exotic yew extracts
of Taxus.

: authentic taxane compounds (1:10- deacetyl

baccatin 1II, 2:7-epi-deacetyl baccatin III,
3:baccain I, 4:10-deacetyltaxol, S:cepha-
lomannine, 6:7-epi-10-deacetyltaxol, 7:taxol,
Taxus cupidata cv. Nigra extracts.
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Fig. 3. Electro-spray mass spectrums of authenic taxol(A) and Taxus cuspidata cv. Nigra needle sample(B).
Conditions; Methanol:Water(70:30), flow rate:10 ul/min, capillary voltage:3.0kV, source tem-

perature:70 C.

(68:32), 10l/min, 3kV capillary voltage, source
LEZ 70TY 2A0E BNy

M

3. &1 9 nE
3.1 Taxol ¥ BHSES &Y

dFEY dF E7]404Y taxol R A £
4L #2588 Fo7] 98 CHXLL-MeOH
(982)ER}EE A&t 3EE TLCHe 3t
10-DABIII fraction® taxol fractiond X.} HPLC
24 Pt o 2 AMgE THR BE B3R
(AT B 4g9 ANBEB) EF %1% Eds5e
Aglem Z+ EA9 retention timee 10-DABII
3.0, 7-epi-deacety! baccatin III 4.08, baccatin III
447, 10-deacetyl taxol 856, cephalomannine

11.90, 7-epi-10-deacetyl taxol 13.39, taxol 14.50%
o] AtHFig. 2). taxolBHEHAE £5% 23t Elec-
trospray MS ¥4 23 BE taxol? A ion
spectrume Ao] taxol EAYUE el iFig. 3).

3.2 o MEFE70IMS taxol W AUHBH| Bt

HAXFEY AAE 102y FEYH Ax2
Zlle FuUiRlg FE53 BugE BEYg F29
taxol ¥ HHE taxol € WHEA] FHH
o ALK Table 1, 2). HAEXFEY AAY 9

FE9 QoA taxol@He T. X media cv.
Vermuleun, 7. baccata cv. Washingtonii® 7. X
cuspidata cv. Nanag A&§ Uriz] 89 MzZF
7] 29 taxolFFET Tkl dolA taxol
kel A =Y FoBE T cuspidata cv.
NigraZ4 QoA g A& F 71F22 0.103%9
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Y FE2] Taxol R HUYFES B

Table 1. Contents of taxol and related compounds from needles of exotic yews collected at Chollipo

Arboretum'(ug/g dryweight)

10-DaBIHI BaccatinlII Cephalomannine Taxol
Species .
April Nov. April Nov. April Nov. April Nov.
I x media. 1125 1818 297.5 452 1417 3610 111 452.4
cv. Kelseyi
T. x media .-
93 3129 206.4 uD 103.1 80.1 20.7 458
cv.Vermeulen
I x media 1023 88.8 785 UD 824 2973 10.8 149.4
cv. Hunnewelliana
I. cuspidata 2043 4123 1433 uD 2.1 79.7 16.7 25
cv. Densiformis
I. baccata 13 1634 1235 UD 294 1831 5.4 37.4
cv. Washingtonii
T. cuspidata 513.7 8472 267.7 284 3179 9840 7788  1,027.5
cv. Nigra
T. x media
. 255.6 291.5 143.5 223.7 37.4 50.3 107.8 107.8
cv.Andersonii
T. canadensis 288.5 335.5 115.4 311.2 743 107 340.5 3449
I. cuspidata 199.2 015 200.5 222.1 204 20.5 306.3 319.4
cv, Nana
T. x media
o 312.4 3324 121.3 134.7 12.5 14.9 136.7 190.4
cv.Grandifolia
T x media 390.0 382.3 190.5 193.6 15.5 19.3 290.3 239.7
cv. Robusta
T. x media 290.5 2225 190.3 120.4 UD UD 291.5 170.6

* All samples collected November 1992, April 1993, and then analyzed.

** Not detected.

taxoldtgFo g olv] WEB(Choi &, 1994) HHYF
2 g9 #F0.02%), 28N FE 3 §F
(0.017%), A F5 F39 #30.021%)h vl#
Ag 3-4vf ¥ ¥FE HIY} Loz T X
media cv. Kelsey 99| taxol#%=%T 0.045% % %
=4 Jdehdt

HEFEHA AAE FE Y9 taxolFFS
Witherup(1992)e] B.2% T. X media cv. Densi-
formis(0.002%), T. X media cv. Hicksii(0.01%),
T. canadensis(0.009%)2¢h #ako] Foh  YolA
taxol@ o] 41227 ¥ FIRT 2 AL #34

AYFE, FFE9 AFE F =AY AAsE
FEA BRug ¥ 9oen(Choi ¥, 1994), U=
Pennsylvania® % Maryland5¢] A4 E£x= 2049
6% T59 taxol B#HFE M Ao BHE FE
T. X media cv. Hicksii9 SIolME &afo] 28
Bag v gltkKelsey et al., 1992). YolA taxol
ko] Fow I AME Muste AME 2 AE
Hao] 93] AF taxole FFE & Yo, AL
% 2 AYY ARER oj8dE & Sk

W, taxol ¥ FHEAY #F T4 = FY
oA wl$ & #o]& BYHTable 1). . X media
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Table 2. Contents of taxol and related compounds from young stem of exotic yews collected at Chollipo

Arboretum'(;zg/g dryweight)

10-DaBIII BaccatinlIl Cephalomannine Taxol
Species
April Nov. April Nov, April Nov. April Nov.
T. x media 133.0 1758 872 59.0 18.4 90.0 240 1110
cv. Kelseyi
T. x media
234.1 157.5 208.9 126.5 138.9 58.7 46.7 38.3
cv.Vermeulen
T. x media o
. 360.4 251.1 176.8 UD 99.1 64.0 6.7 492
cv.Hunnewelliana
T. cuspidata
. . 396.5 59.3 143.3 80.3 24.2 68.5 1.1 11.2
¢v. Densiformis
T. baccata
. . 198.9 295.2 123.5 305.0 12.1 56.1 17.9 165.0
cv.Washingtonii
T.cuspidata 4654 9659 2677 2917 3.0 3317 105 3094
cv. Nigra
T. x media
.. 351.7 211.0 143.5 181.4 133 22.7 100.4 13.6
cv.Andersonii
T. canadensis 548.0 215.7 115.4 169.0 56.3 92.0 123.9 123.9
I. cuspidata 1775 1338 909 1233 30.6 339 117 1295
cv. Nana
T. x media
oy 321.0 319.7 20.8 39.0 69.8 88.9 90.8 55.9
cv.Grandifolia
. x media 267 2876 1907 1903 189 794 1122 1096
cv. Robusta
T. x media 122.9 389.7 332.8 120.8 - - 45.9 69.9

*  All samples collected November 1992, April 1993, and then analyzed.

**  Not detected.

o] EF&9 KelsayiZ 9 taxol®ake 49 0.011%<)
H ¥l cv. Vermureong 0.002%, cv. Andersonii
o] 24 0011%, cv. Hunnenwelliana®] 7% 0.002%
2 2 gekatolrt wAHUL ®3 T cuspidatal
taxol $#E cv. Nigra(0.107%), cv. Densiformis
(0.002%)2 & gFxolE BA

22 2 FUolM el taxol ¥ #EET
Zatole FAAA 8 #FAEHYU 8 o o}
eld 7} st Wheeler et al, 1992). HIZEXTE
ol AAE 10:Fe] FHELY Ak Fakajol
Al oA AFE FHF 23 FHH 8214 9

3 AAE F Ut Ay, #38A 2 9
g FFaole A5 ARAY HAXFFHEY A
@ 7|20 12C2 FEHo] F2 Aste A% WF
ARt duat % Auprt A don, F
Fol vmimd FHe, vl A= AHH &
Aol 71Q#ckan £t Choi $(1994)2 34 24
FE YFEHAM AFE 2 §FEA A= F
£ taxol##o] WFALS] FE vl& taxold#
of A uehd Aol HYY 71FE THE EH
g g¥olgtn Hugh v vk FH o W]
T EY 7% FEEH, 2k T3 22 893, g
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JYFE9) Taxol ¥ BEFTEY £4

2 gcld 93 dold & UL Rejuh

2 89le ofsiME ghakdolrl 4
F v AlgdEd, #2484 AYFEL random
primer® ©]&§ RAPDEAF A3 Hz AMA
FAAWol 7} FFEYTHChoi, 1999). 3], #e &
At A FEANAZEE AA polymophismé)
ol FE A 48 FAzlo] Lk ojyz}
taxol? 22 EFANY Aok g & givn #
g9 &#H T cuspidata cv. Nigra®) oA
taxoldHF 0.1%% 10-DAB 119 & 0.08% ol
& Holz ZL o] A9 7|F7} taxol Aol
HgaAMAA, FAH ez Hojuk AR BA g
AL 1-2MAN =AM E 2EE 5= g

3.3 AlHol e taxol U HUHEFL Bzt
efFEe] o, Nx2EV|Y taxol ¥ FAEAY
e APAAE ukel 2olE HYtHTable 1, 2).
AR g AF7I 49 R3g AAZFEY taxol
9 BHEFS e 1190 AAT A9 vl
10 DAB N9 o] A0 taxoldr#He @etct,
49 AN T cuspidata cv. Nigra®l %9
taxaneFF  11¥ol ¥ taxol2 0.103%0) 4]
0.073%%, 10 DAB 119 &2 0.085%°1A4 0.051%
2, baccatin IIE 0.023%°014 0027%%=, cephalo-
mannine 0.088%¢°14 0.032% 2 dteko] 7431y
AU Hl=d AL HAY AzxZBU)Y Hex
10-deacetyl baccatin 1T 0.087%91A 0.046% %,
Baccatin Il 0.028%°1X 0.027%%, cephalo-
mannine< 0.033%°14 0.003% £, taxole 0.031%
A 0.031%=2 5% o) asle AL HY
t} o]y g A= taxold] HFAol 7L, W] F
T T B74HA 2917 vig UYHI B™o| Qe
Ao 2 HtKKelsey and Vance, 1992). ole}& 24
7}= Strobel 5(1992)¢) taxole] AL 7)20]

wE spdvlol Bt 948 o|fojdtx & A
g gold dAE HoFEd o olfe dA
2ME 983 498 + Aok

3.4 590l E taxol 3 TSR] By

Z2Aud 4 AEE2Y ALFEE Bder] 9
3 JAFE F taxol L AHEHNYE FHgo] M &
R T, cuspidata cv. Nigra® 7 599 taxold
FL ZALSETHTable 3). 1 A3 4& A A%
Hol vl taxole HIE3F BABFES ko] S
=k 9 FME 1d olddE Yt g AMFA
2 A9 taxol#} cephalomannine® &L A9
A et A9l 10 DAB ¢ baccatin III
o] #FL 18 oj4E YoM o] vl Edo)

ZAwde ARZ ujf FaF AFH =HdA
% taxol ¥ cephalomannined & A48 =9
o1}, 10 DAB 1% baccatin I8 &&Fe of$ @2
Qtoh Eg AR A S taxold ¥R 3 taxaned| ¥
Fe e 3 dl8 o 9ttt Idelad o
9] taxane §go] Agdel nld w2 AL Kelsayis
(1992)9] Biiel dX3hs Zloju}, o] & Aupz3
ozRy AAEaLA, AFH AR sy
#5418 dolu NxEV|2RE A¥TuY &
o AMBZ ofe I Aoz B,

ol AR Hol FulFEYe AAHo Qe
104959 JAFEANE BFY F3 F 34 A
FEo £79 Yo {5 U= taxol L HHF
FE o Agde ol FHEHA AeH,
01%2 w4 & FFL 7td FEE YA
Taxol 9 HAFFE] #dgo] & AAS A3l
of AHE 9 Zuiodel o8 HlYom Z4F F F
29 Aol A3t #F2A sl Auistd A
T 2 SZREH taxolS WFAUAEE £ S Ao
o 2 d79 Agde fevey 874 B Age

Table 3. Taxane content in various tissues of T. cuspidata cv. Nigta grown in Chollipo Arboretum(ug/g

dryweight)

Tissues Taxol Cephalomannine Baccatin III 10-DAB 11
Meristem 511.0 3271 25 9.6
Ovary 3059 2.5 25 503.5
Young needle 1,046.4 952.3 64.8 3393
Old needle 1,082.6 976.2 2379 709.8
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TFE ddae 71288 AT FH, FFo] ¥
& AAE st 44, 45 2AuY FE B4
sk 7ldE £ e ¢ AeE

4.5 2

AEFEL A4 Fo] SlE 109F9] o5
o ¥ 2719 taxol ¥ #HINFEY FI2
HPLCZ BAsigitt. SHiFEe R9d¥ taxoldF
2 FX L FJdA v v dFAlelE By
on, o %9 dgko] NxZE7| Fo g B9
t} EF Taxol ¥ #©ANFES g3 Y5

E7to] AF zolE& HYTh 494 HFEE T
cuspidata cv. Nigra®] taxol &%o] 0.1%HeH, T
x media cv. Kelsayix AE%5 F 0.04% =2 g ol
o9 Egtth YoM taxoldtEe] A =UdW T
cuspidata cv. Nigra®] 2B, 134 o, 13 oj3€
q F 2 taxolgFHL 194 YollA Frake] 713
=

LAtel pa

=82 freH AnriengAde 472
FHNB1I6OW)olth. # AFE & ANeAxsk
o A 1F5E s AY¥E FEHLY AR
oA EA =g, BF JYEE AFsd F
U3 FERAY FHLITFAINIH-NCD$} Virginia
Polytechnic Institute and State University9)
Kingston, D.GL ZFoA%E ZAMgc)
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