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Ao JNAsktt &0 3+ 180 W, 23} AL 1.5 ARl 7P =&
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glon, o= o =& Hl3l 24.7% F7FIKH). wat Bl AlK)E 229 39 180 W, 223 A 1.5 A

el HulA (24.005 B3t sEe|ed sieolle 2 Afol7t jlolor, 27] 92

eHlo] $=12(6.81%)7F A &

22%7H4] F7F3kSth. & S (back extraction)®] A Fe] A7HS iRt the] 27 40.7-56.2%(F53F 9] 80 W),
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Zastoleh. 259k 919)(80-250 W)sh 59k =

A} A1ZH0.5-2.5 AlRhe] S7FEEE Ak 28 ARt 7Rkt

Abstract — In this study, an ultrasound-assisted micellar extraction process was developed to efficiently purify the
anticancer substance paclitaxel from the plant cell 7axus chinensis. The problem of many extraction steps and long phase
separation time in the traditional micellar process could be dramatically improved. The highest paclitaxel yield (~96%,
extracted twice) was obtained at 180 W of ultrasonic power and 1.5 h of ultrasonic irradiation time, which was 24.7%
higher than that of the traditional method. In addition, the partition coefficient (K) showed a maximum value (24.0) at
180 W of ultrasonic power and 1.5 h of irradiation time. There was no significant difference in the purity of paclitaxel,
and the purity of initial paclitaxel (6.81%) increased to 22.0% after purification. Compared to the traditional method, the
phase separation time of the back extraction decreased by 40.7-56.2% (ultrasonic power 80 W), 46.3-67.6% (ultrasonic
power 180 W), and 51.9-67.6% (ultrasonic power 250 W), respectively. The phase separation time decreased as the
ultrasonic power (80-250 W) and irradiation time (0.5-2.5 h) increased.

Key words: Paclitaxel, Ultrasound-assisted micellar extraction, Purification
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Taxus chinensis 12 I-22EH4 A&

Kim [11} 322 g42] 2 2] (pre-purification)s ]3], 7]

W23 Al (surfactant)E ©]-4-3F vlo] Al 325 (micellar extraction) &
o] HFx= R skt X194 15 (hydrophilic group)} A4
13 (hydrophobic group) 2.2 T 5] Sl AU IA1E o83t
ulo] Al &2d 3} 2 F-2] (phase separation) % EE-S Al A A
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2-1. AEM|E HY

B A G of] AL A& AME WM Tuxus chinensisS] AOZ
HE A2 ARETF(cell line)s o] &-sko] k3l TH20]. v kel o
2RE AEAHE 355 Yool WA dizie 9AEE71(>4,500 g)
(Westfalia, CA 150 Clarifying Decanter)s ©]-&-3}o] 12} 8|45}
om, Y7t 22 2B AE 27k (debris) 315E f18t0] 114 4]
52]7](>10,000 g) (a-Lavel, BTRX 205GD-35 CDEFP)Z ©] &3}
of 274 SI5SHLt, B A B AT AT 27He Gajo] o]
Quixe} ATt 2 Aqtel] ARE-E Hlo] QA= (FH)AMkEte] @
o ZRE A gt

222. A& &H|

A EH AL wjeFl o RE 3|43t nfo] Qulj A9} WgkE L] v g&S
1:I(W/V)E 3}] 72 (room temperature)ll 4] 30+ &<t FE35}0]
oJZs}ar, vlo] e ml| Aol A2 HERS-S H7tsle] st o
43] HHEsto] FE8kql) v EhE 55 95 55 7](CCA-1100
EYELA, Japan)ellX] 71} atell 55 (2 92) 30%)sta Mgzl =
Zo|EE H7HEFN ] 25%)5te] A-2ollA 30 st wHE - 4
AANA 2 225 st SAAETEC] X8E A5 veE
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2-3. O IE
7 FZ(forward extraction): 352 €Ml (—v— 1 6.81%)= 7] &

91 MtBE (methyl-t-butyl-ether)ol] %<1 & ™ &4d =21 CPC
(N-cetylpyridinium chloride) €23} SxkS- Y31 wilslAth &7

AIZE it F A A A vo] Al A3} A} 2] (phase separation)E-
FrEaklTh A a7t dojup mo]do] P Hof gl atF
(bottom phase)?] CPC €9 Z< 3551910 Fst 27107 2
3| HH 58 43I ¢ 2% (back extraction): 23] HHE 5=
Sato] 3|78k CPC &9l thA] MIBEE Wol A #ejata
Ql CPC g0 2 RE nfo] S 3| A|A ‘g (top phase)S]
BE 0% s}Zeed S 3l5aglon] s o % 23] vt
—ir/é”o— TR 253 9l9) ol mE JEs AR fl8to] =
<3+ ZAF AlIZH0.5, 1.5, 2.5 A1ZHE 28] 3F9] 40 kHz ultrasonic
bath(UC-10, Jeiotech, Korea)ol| 4 -3} 3+ (80 W, 180 W, 250 W)
Hsle] wE aEEl 75, 5 9 A e AR ARSI
253 99l= gEg gAY Feliek 2y &85 aEske] 300 W

ujuko & AASISITH15]. & S2Eo|A el etdo] T3 AL
(MtBE ¥)& 3|=38lo] 5F3t1 2 ¥ 2 E(UP-2000, EYELA,
Japan)oll 4| 24413t AZAIZ] & HPLCE 241813t} wlol Al =&
749 7IEFEE Fig. 19 JERAIT
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2-4. IIS2EA A

alZg] e slek B49-8- Q)s)] HPLC A 2~E) (SCL-10AVP, Shimadzu,
Japan)# Capcell Pak C18 Z (250 mm x 4.6 mm; Shiseido, Japan)
S AHESIGIT. o) 5 oA EYo| EF Y} SRS £33 2965/
35~35/65, v/v, gradient mode)= 45 1.0 mL/min ©. 2 3 F=3)Th
A& F9%E 20 pLo]™ 227 nmellA UV AE7]°l &3l &3}
oﬂq_ 20]. HPLC _1?_41 ° ﬁ__zrx% B]:SI/H_O_ O]%’g}?}ﬁtﬁ’ ﬁ{;}\]y_#

Grkoplo) 3 AFEHERIEH w12 98.7%) S ARSI

e

Aol A] AR A ] 3782 AHEAAE ]88l vio]
2 el gsto] Ewas AAShHE AR EY A A
o] th(Fig. 1). nlo] AL 2144 1 (hydrophilic group)¥}
I3 (hydrophobic group)©. % -4 %|0] §lo] mo] Al Y 2=
A gk SE S AT OF0] A " 5=
Fol Hlof 8ol g3ld = A Hrt. wheha] 2EA
fol Qui A~z E f7] 80 FEAE Hxsto] A el A
Gullof] 2=0] 3= ulo] Al A o] A3tet AWEAS A7}
S BA A7 Eoll 54 9= g2 gdo] wlo] A
—/F J el o] =8l o w o] Fstal dEe el
gk ofe] 7H4] E-EE(53] pigments, liquid BE5)
of ZiE EAEH Ho] sE el Beas 284
st Ak 2 Aol 25t ol 34 (53]
vX= EEEYUGA T8, 5, 4 AThE A
l‘ﬁ: A= 71 A7 ARS8, 11,1319 H A 2] ZdellA] 3
AR AE CPC, CPC %% 5%, 7] £vlli= MBE/
e T g, T W& Vi(ww), 7] FEE el s
16.4 mg/mLE Z}Z} AJ3s3itt.
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Fig. 1. Schematic diagram of forward extraction (A) and back extraction in the micellar extraction process.

3-1. =31t £80 0lxl= I&

ZoE B o2 84 el FEdid )t 2 9E
T9]3 njo] Al % 8-S Fig. 20] FERIQITE tlz2e] A S 13]
FZ3 23] FEA 9 FF E28A 582 47 69%2 77%
o]gloH, o= 7|E TN Y F&(65-75%)F FAMHS & &
UAMTHS]. 25T =¥ F52 A5 4 2 e 813
FE03] FE)E 259 2405, 1.5, 2.5 Aol 233} 9k
80 W2 7% ZHZ}F 77%/82%, 81%/91%, 79%/88% (Fig. 2(A)), &
=3k 3] 180 W2l -9 27} 83%/90%, 85%/96%, 84%/95%
(Fig. 2(B)), 223} 319 250 W2 739 212 77%/86%, 83%/93%,
77%/89% (Fig. 2(C))°1 AT ZS-3} 3¢ 180 W, &3} XA} Al
7 1.5 ARelA 71 28 THE e el E(96%, 13]/23] 4 ye
ol & 23] FE= o] s e 3|7t skl A
S-S A7) F18l 71 mold A ollA= 43] o]/ FE0]
Q== Aol vlE) 2 3E 4] Y T AATH13]. o=

TE AT=w
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Fgof| vial| 24.7% 7k the
ZAFAIZE 1.5 AT 71 =2 &
ABe SF 3538 Aol g B4 de
At Ao AETH17). =, AuHlEHolA
(collapse) 2 L3t F5 N ol|x ] 114 wlo] A& Al (high-
speed microjets), 7@ 3t =4~ 714 (intense localized heating), 7%+
%7 3}(high-pressure shock waves)’} =4 A& Z£Z1317] wliE
ojth, BEgh 253k AL AITE 2.5 ARl A= 1.5 ARl v]E) &
o] vl 238]8 2w hAdhs S Bt ol =2 %
<9 g ol FAIZE wFEol wE o}-E 2] gl 9] 13| (degradation)

WO FAHHTH17]. 5, 72 259 3= A Hlo] AR =
M| WHH(agitationy= FFUSFAL Ao E#] ¢k= 71A1E itk mechanical
shear)s wjo] A & A|AHle|] sk A A& S3F 25T
T3S AAAT olgh AR AdE 253528

(ultrasound/aqueous two-phase system)E ©]-8-3t Sakvia miltiorrhiza
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Fig. 2. Effect of ultrasound on the yield of paclitaxel at different
ultrasonic irradiation times (0.5 h, 1.5 h, and 2.5 h): (A);
Ultrasonic power 80 W, (B); Ultrasonic power 180 W, and
(C); Ultrasonic power 250 W.

BungeZ*-F lithospermic acid B FZ°llA X = ATH21].

nto] A 378l o 5 Hgellx] WA 4521 MBE 53 5k
CPC &9 To = A eju=d, o228l #1718 MBE 5
O g2 7E 3FEn) sl 9] sl el FEel gk dellA
=2 e F % H]E Bl Al (partition coefficient, K)Z 7 2] =
o, kg9 o] HaE 5 or.

Paclitaxel concentration in top phase

M

Paclitaxel concentration in bottom phase

Table 1614 K= e} o] tzte] Z-9- ul] Al57} 3.491 §E
W 2337 E9E FE2 B FF 0.5, 1.5, 2.5 AlgkelA] 2Hz
4.6,10.1, 7.3(80 W), 9.0, 24.0, 19.0(180 W), 6.1, 133, 8.1(250 W)©] &
FZ 0.5, 1.5, 2.5 AZtollA thz thH] 1.4, 3.0, 2.19H(80 W),
2.6, 7.1, 5.6H1(180 W), 1.8, 3.9, 2.4¥](250 W) S7}13+3it}. A=
W AlgE 259 3R] 180 W, IAF AIRE 1.5 AREIA HOjAE
BTk

2. ZFIPL =0 0kl G

ﬂ%Z?J A5 13 27 23] FE0A 9 SEHA 5=
Z¥z} 24%3} 11%0] 0}, =3+ 233} @} A17F 0.5, 1.5, 2.5 N7F
oA FEZee == (13] F503 )= 257 319 80 WY
739 Z¥Z} 24%/7%, 26%/8%, 22%/6%(Fig. 3(A)), Z-31+ 7+ 180 W]
739 ZHZF 24%/9%, 25%/10%, 22%/8%(Fig. 3(B)), <3} 1}9] 250
Wl 739 2+ 24%/7%, 25%/8%, 21%/7%(Fig. 3(C))°] 3ltt. 3
;3:]\5‘,‘ ].7~7].tﬂ—hli J].EE]E]—AI/] /\1:_‘:_ 7L)\o]_0:1}:_1;ﬂ ] _Zr
5157} 7V R &1 CPC £910 245 E<=Eo] ¢ o]
FZEE 0] 45 MBE SO& o3| Wito|t}. o] s A=
= 37 STl et slE el £ AAg o] M 2 Ay Tt
X3} TH8). T3t 13] W 23] F %A H £52 Fig 3(D)°ll
UERISICE B 58 tlET2] S 22%, 2239 24105, 1.5, 2.5
A Zkell A 212} 21, 21, 18%(80 W), 21, 22, 19%(180 W), 19, 20,
17%(250 W)°I ATk, 2REA 0 2 i =5 20% AF 72 2 2}o]7}
AAA T 5 229} 9191250 W)oll A FAIZH2.5 AlZE) ZAFEE

39 oY e Tt 2 AhAshke AEs Bl ol A
ﬂ—L— T59) A9} R IR R 28 250} geof] AAZE mFEo
= ul=2 g o] 28l (degradation) WO 2 T TH 18],

N' MN‘ N{)l'

3.3, XS0} At —.—EI AlZIol| OjXl= 3%
njo] 4l LA o] o 41401] A g Rl A8

5 A
big Aol ISIE c 22l 39 18 3351 28] FEoI2l 2

2] AR ZF7E 1089} 169«019;1@ & A7 0.5/1.5/2.5 A
rellAl 13] 9 23] F20) A 2] Al 253 719 80 Wel 4
- Z}7} 645 /845, S45-/78%, S05-/74%-(Fig. 4(A)), 23} 9+
180 WE] Bs 27 58#/76%, 353/634-, 35%-/58%-(Fig. 4(B)),
S0t 9] 250 W2 4% 242t 528/66%, 3751623, 35%-/55%
(Flg 4Cyelict. BE 27 13] FEHTH= 23] FE00A &
O 214 el Algre]l @ ik e 253 A AIZE 0.5-2.5
AIZE QoA A FE] AI7RE iz o] ZH2E 80 Wl 39
40.7-53.7%(13]), 50.3-56.2%(23]), 180 W] 7% 46.3-67.6%(13)),
55.0-65.7%(23]), 250 W2] 73-%- 51.9-67.6%(13)]), 60.9-67.5%(23]) 7+

Table 1. Partition coefficient (K) of paclitaxel at different ultrasonic powers and irradiation times

Extraction type Ultrasonic power (W) Partition coefficient at 0.5 h* Partition coefficient at 1.5 h? Partition coefficient at 2.5 h*
Control - 3.440.2 34402 34402
. 80 4.6+0.3 10.1£0.6 7.3£0.4
Ultrasonic 180 9.0+0.5 24.0+0.7 19.0+0.6
extraction
250 6.1£0.3 13.3£0.6 8.1£0.4

Data are shown as partition coefficient + SD.
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Fig. 3. Effect of ultrasound on the purity of paclitaxel at different ultrasonic irradiation times (0.5 h, 1.5 h, and 2.5 h): (A); Ultrasonic power
80 W, (B); Ultrasonic power 180 W, (C); Ultrasonic power 250 W, and (D); Average purity.
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180 mmmoS5h )
S 15h
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E
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. 15h
160 F —=125h
140
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E
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E
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so L
40 |
2° b
0
o 1 2 3

Extraction number

Fig. 4. Effect of ultrasound on the back extraction time at differ-
ent ultrasonic irradiation times (0.5 h, 1.5 h, and 2.5 h): (A);
Ultrasonic power 80 W, (B); Ultrasonic power 180 W, and
(C); Ultrasonic power 250 W.
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Taxus chinensis 12l IF22E4 JAE 9]t

24.7% 7V O 8 2230 9ol T 233 24 AI7E L.
AlZElA 718 & &S A4S 7 AT ok ) Al 2
I 3] 180 W, ZAF AIRE 1.5 AlZEellA] HTiX](24.005 BT &
3k %7] 9] 425 (6.81%)7F 4 A 3 22.0%7HA] ZF7FE
o} ANkA © 2 Bt =% 20% AF2 2 Zo|7F QAT e 2
S5} 3¢ (250 WyellA] AAI7H2.5 2170y 2AFE 3 sE2 84
STt 2 aehe AEE Bt BE 27olA 13]) FEErh=
28] FEoA & A 21 8 Alzte] @ E ek gt g ] Al
7R iz oin] ZH2E 80 W2 789 40.7-53.7%(13)), 50.3-56.2%(23)),
180 W] -9 46.3-67.6%(13)]), 55.0-65.7%(23]), 250 W] %
51.9-67.6%(12]), 60.9-67.5%(23]) 7rA=3tSITH ARHA] O 2 Ak &
ol 2QEE A7t B71H o w2 Akt o Yot 285
}-€](80-250 W)} & A1710.5-2.5 AlgHo] FrlekE AF 2
Azt Zhastelr.

W

q d

AC)

#? A

o] =2 20189 A (I HH)Y] Ao R AT AT
A4S wol 3 7 2AFAIY Y AFEYThIAHE:
2018R1D1A3A03000683).
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