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A simple and efficient microwave-assisted extraction procedure was developed and optimized for the extraction of paclitaxel
from the plant cell cultures of Taxus chinensis. The biomass, immersed in a methanol-water mixture, was irradiated with
microwaves in a closed-vessel system. The microwave-assisted extraction was compared with the existing conventional solvent
extraction in terms of yield, extraction time, and solvent consumption. The use of microwave energy allows rapid recovery of
paclitaxel from biomass and dramatically reduces extraction time and solvent usage compared to conventional solvent
extraction. The paclitaxel was completely extracted from biomass by microwave-assisted extraction for 3 min at 50T, for 6 min

at 30T and 40T, respectively.
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Paclitaxel (3}8}4] : CyyHsINOys, £A1H : 854y FEUE (yew
tree)d] EHoA HAH diterpenoid A G TYEHo|t}
19923 WAel, 199413 50, 19973 FFEA] F% (kaposi's
sarcoma), 19993 B]AAM ¥4 < (non-small cell lung cancer,
NSCLC) *|&9] ti3] FDA (Food and Drug Administration)
M8 53 dA 1 gol AR =1 e dklelrh).
A AAFEE 329 0034 71, Sl ATES 55320
(20034 71¥) Axelw @A FA F AATE 19, FL
FAsFAEA A1 22% F=E FAeal Ack Frielay
#AY, dxsteln] A5 59 AHEFo] A% = low,
T3 oy o2 A5 WHEHY BT B ARl
A8 20| 9lo] BT paclitaxel T8E Al Sold Hwolck2).

Paclitaxel ] F8 A WHdE FHUFAA FJF 55
(extraction)3h= W, FEUT-9 oA AFAE Lof side
chaing 3}3tA o g A sl WA (semi-synthesis) W, F5
U2 A callusE FE38t3 FF8% (sced culture)S AHH
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Z=8)%F7) (main bioreactor) oA AEAHEE sl de
ol th3-5). AFAE W e 7|F & 59
Aol 93t P WA gm AEURET7] YeA
2 Aake] ybsshy] o] dAE E29 paclitaxel S ©EF
Mgt ok Ado] itk AEAE wige] ostd A
2+ paclitaxel & thE-E AEAEY HEZZ (debrisyol] EF
=ol slen6), A5E 7t FHAA AX o EFH o

g
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o
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U= paclitaxelS AEHOR FE3e Ao] v|§ Fasch
7IEY F& WYE F2 {I71EUE o] 83l biomassZH

B} paclitaxel & 3|-3te WHOE 71 Bol AMSEHI Ut
(7:9). 12 {718ulE ol &F 7|&9 FEWYL biomass
ZRH $2 paclitaxel 35 & FSAF {71897t
AHEEE o] ok ol 9HES Bt s HZ
ol microwaveS ©§3 F& o] digh I Bo| WY
23 Qt10-12). MicrowaveE ©]&38 & FH(microwave-
assisted extraction, MAE)2 &3 Ul¢] &4 AgEvhS Aeg
o2 stgste] 328 £ Slvke AolA wie Al
t}h. Microwaved AHEFIo.ZM He)zQl 71go] 7
A el Zo] A58 microwaver} Ex17e] AF n2E
F02M {7 F&0] 7t E TolET)h o]# & microwave
o] B4do] Hot FENe Bulel AdE sPEEA s, J1E
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E A7oae A9 719942 71 microwaveS o831
AEMES biomassZEH-E] paclitaxel S E&XHOE FE28 &
UE WHE s, 71—‘-«] ‘FT7]“Q‘UH
solvent extraction) W3 2488
A3 microwave? /\}%2 A3
AIZE ©E oy A 598 A&
AHH0ld £ 9e Ao wudEn

#Z (conventional

itk 01815& a7

ﬂll

e Y

A SME B Y

B AR ALEH AEAX wjUdd L Tawus chinensisd o
S2¥E Qe ATF (ol iy olEst] MBI
NFgoziy ABAL J5E skl O Adee)
(Westfalia, CA 150 Clarifying Decanter)—g— 01%3}93‘211], A
MEZZL (debris) & At 14 A4AET7] (o-Lavel,
BTRX 205 GD-35 CDEFP)E ARS8t} 348 28X 29}
AExztS ot biomasszh StHTh £ ATl AMRE
biomass= (PAFAIAZEE A TwEgich

Paclitaxel 241

HPLC (Waters)E AM-3} paclitaxel ] - BA8Q0
o RE £4 AEE Y FHele B4 & Hages §
< 2R 24 AHE3 columne Capeell Pak Cis UG
120 (250 mm*4.6 mm, Shiseido, Japan), column &% 40T,
ol ZAS acetomtnle/water (65/35~35/65, v/v gradient), <&
1.0 mL/min, A|& FUFL 20 yL ©]¥, UV (227 nm) detector
E AMEEHTHT). Paclitaxel RFEF L Sigma-Aldrich A%
(TE: 95%)S AH&3HRT

Conventional solvent extraction (CSE)

71&S] dell ofshd, 32} 7FA] A7180 (methanol, methylene
chloride, methylene chloride/methanol, methyl-t-butyl ether, ethanol,
isopropyl alcohol, chloroform, chloroform/methanol, diethylether,
acetone B)E o]83te] MEujgdozHE 343 biomass
Z5H paclitaxeld] 75 3¢S 2ARE A3} methanol®] ¢

713 Fe oo Z 71 EL paclitaxel 3588 Lo} biomass
ZHE paclitaxel 2] F20 71 aHHLE ¢ 5 UAATHT, 14).
ol HIgoE B dTddAe
a3 # 7]%“Hi methanol-&

== O

biomassZ5-E] paclitaxel F&-<
AAet9 21 biomasset methanol
S HIEE Y1 wE ST FELEY] JFE U] )
2% (PS-1000, EYELA, Japan)E AME3lG1oH F&evE
7z} 25, 30, 40, 50CE AL, FEA7S 3, 6, 10 min®.2,
350 pmoE wWHRIGH: F& ¥ AAE T A4S I,
biomasso] A}2-& methanol 2 718l FUs HhHog 43
WHESl 228 FYsth FF A9E Kol 7] (CCA-1100,
EYELA, Japan)dlA] FZ3t71, XFQE (UP-2000, EYELA,
Japan)oll Al 24A17F AAZAIZ] ¥ HPLCE HA48t9d

Microwave-assisted extraction (MAE)
Microwave powerE ©]&-3 /1WA 8 FE2 T
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AT FELTE 30, 40, S0CE Z7+e] A Azt 5
FAAA %Scli a 94 FE20E CSE ¥ 5dsH 9
3lgct w3k ¥k Bale 500 mLol™ 3¢ biomass/methanol
H&S Rl 1 28 50/50 (wjv), 50/40 (wiv), 50/30 (wjv)

HIEE 747} 2 AYS #A5 FEA17F 52 methanol
9] =g W3] Y8 microwave =& AX| o] WZtAAH
< A5 H tHFig. 1).
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PG
Regctct
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Figure 1. Schematic diagram of microwave-assisted extraction process.
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Figure 2. Effect of extraction temperature on paclitaxel yield in
conventional solvent extraction (M : first extraction, A : second
extraction, X : third extraction, % : fourth extraction).
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FQ3t7) fsl Fx8 AMEst zhzt 25, 30, 40, SOCE
LEE FAXA FALH, 42 2Rl FEATL
10 min® 3 WHETE 350 pmZ FE3AY F& F &M
£ B3] oqAE 343}, biomassoll 5L I\Hiv;— methanol
S Atetd BUd RUOE 43 WHEI &3 ARE
Fig. 291 YeElSIEh & &% 25, 30TColME F2A7 3
6, 10 min) ¥} we} 3& F&o A W} gl 229
FFE WA USS ¢ F AN ¥, F& 2% 40, 50T
e FZ A]ﬂ 6 min 0]Fo] & £go] ZAFE & &
5 25, 30ColXe & Azt (~10 min)
55011 %‘6&% Hhz) ol Wb FE& 2% 40, 50T A
F<tol paclitaxel £38]71 o]
wetgEn), o]#3t éﬂr—— paclitaxel®] 7-¢- wg
oA 30T ol3telA AT AeZ Eud AR

2TH2). 3 biomassEHE paclitaxel F5
F&2 HFHOZ 18 methanol FF A 63% il%“—ﬂ&’i"ﬂ%
54 22%, 33] 10%, 48] 5% A= 35Ho] F 439

EAE U paclitaxel > thE 35 7153
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Microwave s ©|&& 559 724 Had 4L 257) o
dx F& AP0l 7Hestfle™ %3 CSE APEHEZNH
F22% 40, 50CoHE F2A7E 6 min ©]4olH paclitaxel©]
BajHo] A3t MAE A9 ZHOE 30T 3, 6, 10 min,
40, 50ColA 3, 6 minC2 F24¢S S350k

120

="

+

Yield (%)
3

3 6 10
Extraction time (min)

Figure 3. Effect of extraction temperature on paclitaxel yield in
microwave-assisted extraction (¢ : 30°C, H : 40°C, A : 50°C).
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Figure 4. Comparison of conventional solvent extraction (CSE) and
microwave-assisted extraction (MAE) for recovery of paclitaxel from
biomass (Il : first extraction using CSE, [] : first extraction using MAE).
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Figure 5. Effect of biomass/methanol ratio on paclitaxel yield in
microwave-assisted extraction at constant extraction temperature, 30T

(A) and at constant extraction time, 6 min (B).
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225 30T biomass/methanol H-E&-S 24z} 50/50 (w/v),
50/40 (wjv), 50/30 (wv)C.2 ZAEL Zeldle A3 Az
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