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Abstract — This study presents the negative pressure cavitation acetone-pentane fractional precipitation to dramatically
improve the precipitation efficiency of paclitaxel from Taxus chinensis. When paclitaxel was precipitated under a
negative pressure of -200 mmHg, most paclitaxel (>99.9%) could be recovered in a short precipitation time (5 min). The
precipitation rate constant increased by 1.512~5.073 times (at -50 mmHg to -200 mmHg) compared to the control. The
activation energy decreased by -3,737~-6,536 J/mol due to negative pressure, which increased the precipitation rate.
With the introduction of negative pressure, the precipitate size decreased by 5.3 times, and the diffusion coefficient of
paclitaxel increased by 7.0 times.
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Fig. 1. Schematic diagram of (A) conventional fractional precipita-
tion and (B) negative pressure cavitation acetone-pentane
fractional precipitation for purification of paclitaxel.
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Fig. 2. Effect of precipitation time on the yield of paclitaxel obtained
by conventional acetone-pentane fractional precipitation at
5 C and atmospheric pressure.
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Fig. 3. Effect of negative pressures (-50, -100, -150, and -200 mmHg)
on the yield of paclitaxel obtained by negative pressure cav-
itation acetone-pentane fractional precipitation at 5 C.
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Table 1. Comparison of this study and previous studies for acetone-pentane fractional precipitation of paclitaxel

Fractional precipitation method Acetone-pentane ratio (v/v) Storage temperature (C) Fractional precipitation time (hr) Ref.
Conventional method 1:3~1:9 Low temp. (0~4) ~24 [23]
With glass beads 1:7 Low temp. (0~4) ~24 [21]
With ion exchange resin 1:7 Low temp. (0~4) ~24 [22]
With ultrasound 1:7 Low temp. (5) 0.08~0.50 [23]

With negative pressure 1:7 Low temp. (5) 0.08~0.17 This study

=
4
o g
el
)
1o
; j%

oy

32 oy ro
o Fﬁ: F
o
9,
L
ol
N
N?L'

dlo
o
o
=
>
off
S
N
_>i

~ =200 mmHgell A A &

5

e 8ot 2t
dle
o T
A
S

i3
o

o
d

e lo
_O|L
)
51'0

L 2 o X2 oo ik

QA AL FARIGITH23). e %

2t
=

o
lo o
L nlo
i}
e
m{u

ol
-

u&

A A Fe| e S5 34-41%)

oo it
S

o
=
21 g
i)
2
(T
o
My 4
it
2, H

T
N
o

=

=,

i

s
=,
o

e

R

st

r>~1

A H TR o u
AEAENQL 28 el

£ ox
o
N,

&<t -50, -100, -150, -200 mmHgel 4] 3
gEe|gAl 52 77t 73.2, 92.1, 94.0, 99.9%
Pt ghEelerd o) o] Srketglom B
A FA AIREeA djzzre) vlE) 52 &S

Eoﬂ

Q5= AR 5~10

oz oiu] 96~192ul) o) 7Raaol). &,
Aol AQEE A A7H 0 R 9E5E 5
HAEY] FHF A I 44-53% H =
L2XCH(data not shown). ©]+= 7]552] oA &
2k %ﬂH(ﬂﬂ e
oF w3 Axel viwshd, 3 AN 82 fAY
o] wpFe|ehl 25 7.3~155.9% A SIThl
0]. o4&t éﬂr—“*
7] eFAJo] r/]-g].;q | yEoz
9] ¢ veke 2
EEol o ando® AARL of
& AT Ao AyE vl

OOLI:o
= H -

919t} Satof
L:_ Aol

o‘li—u—

O

#gﬁﬂﬂ

5tod Table 10] JERIQITE 7 f-dof] HAZ7HEH (e.g. glass

44
— 0
o

bead, ion exchange resin etc.) 37
ol 24417 A o] 1A
= G A9 QITH21-23]. A Ao

2

& o
i Mo FN

]

) Ao FRARE AR AL 2

Pl

i

=1 2T MM

E3
1A 0.08~0.50 A1 7HO] ATH23). & <1 Follx
EQ%@WN AN 008~017 AVLM

o] gAgle] FA A7k
Z7HEA A7kl olat 8 A

—E—%@@ﬂ] g2t )0 QA B
E@ﬂﬁoi V%) 28 2= 010—11;[-]]’ ]_,z——

AT

o o

o
ME b "
N
I o
NEE2N)

et

o

i

o
;
)

E

™o

et
N

go do o AL r

> 32
T

%

r
)
>
©

SR 4F AATEe)E 1 At 8 3 S 2 8sted

& e % A oA S SHEa(13], &

£3t Zju]Elo) A

= ) 2Jgt & F(hotspot, shock waves, and microjets)= &=
7 ddo] £X1g7] w07 ddet}13,27,31].

32, SEIA BiA]
A Ho]E|(Fig. 1, Fig. 2)& IMAK Aol A-&ato] 7 A7t
whE shEeele] WAl P BOA O SMssIth IMAK
A8 BARA) A8 310 4 @)F T (n(-L)) o
log t5 %213} 331 th(data not shown). 2]412] 71279} dHo =2

BE] AAE Aviami A5 0)9F S5 SRS A AL 3
7l Table 2] YFERASATE. n 3k 0.163 (FZ=), 0.042~0.130 (-50

~-200 mmHg)°| I th n 22 =< 50l

£ 998 Aol

AATH HE AEmin!)E 0.619 (control), 0.936~3.140 (-50 ~
-200 mmHg)°] At} thF thH] 3%(-50 ~ -200 mmHg)S ©]-&

3 B A0 A9 S5 AFEE 1.512~5.0734] Z7FeF3ic).
S5 e ET:‘-HL FulEjo)d B8 A (1.534~2.419 min!, 2
I} 9}9] 80~250 W)ellA] Bt 53k Al elo] A B F oA o &

S ¥ tH23]. Arrhenius 2[28]%

o] &
mmHg)ell w2 &3l dx] MIFHAE,=AE

3lo] 2 2H(-50~-200

a,negative pressure ~

AE, o= AIAFSE AZL AE, 32 712} 23,737 J/mol (-50 mmHg),
-6,138 J/mol (-100 mmHg), -6,133 J/mol (-150 mmHg), -6,536 J/mol
(200 mmHg) ]Stk FEA e 598 w918 739 24 §}°ﬂd

]
=]
=
[e)
=]

A gt Aslon, o= 259HE =
A3 A 3K-4,876~-5,930 J/mol, -3+ I+ 80~250 W) [23],
¢ AulEjo) A mghe& FE3 A ATH-1,767~-4,161 J/mol, &

=815k oAl 3

S} -50~-200 mmHg) [30]¢} FHAFSE 8-S Wik A B A
o %5 EUFORA dAsLIAE A o 9loH, ol

£T2 Z7MAZ Qo). B9 F4 A7), IMAK
© 221(>0.8992)S 714 sHEe]ehal BulA 2ol

A4 248 W*_i 2A187] 91510}, thzst £ A

=
ol Aol B2 QA=) 2

Agee] A, s2ue

d

A o) FAHAGE 5730 Table 30 g El3H3itt. tx=w 7 59

el a3 g A== ZH2F 1.29) 0.9 glem's= 57

H Ak 2ol A HE AT ]E= 49.925 umz2 S =ik vE
=]

S5 AnlEHe) A
713 9.473 pmo %}
=]

B A 5~10 minol|A B GA=
HARAEL] FHAA}F A7) tizTolA] Bk
=% AMulEo) A FE A 538 o 7

8191w, ol el st 9

FOOREL) QA7) et A Al $9) 45, OFE B4 T,

=21

Agjﬂ ]_Q_E _O__E_ 63:}\]—}\]7]_‘:_ 7(]—%49_ 7].;( 1;]_ 32] R=R=C | H)—lﬂlﬂﬂ
At IS 28] §1519d, Stokes-Einstein 48 0]-8-380 32
ggral o] EAAIS D, (diffusion coefficient)S AlAFSHATH Table

3). 2] B9 D, 2 6.798 x 1075 m%s o1 Tk, vk 3¢

Table 2. The values of kinetic parameter for the acetone-pentane fractional precipitation of paclitaxel at different negative pressures

Negative pressure (mmHg) n(-) k (minT) (- AE, (J/mol) (E, pepuiive pressureEa control)
Control 0.353 0.186 0.9246 -
-50 0.130 0.936 0.8992 -3737
-100 0.045 2.644 0.9999 -6138
-150 0.116 2.638 0.9999 -6133
-200 0.042 3.140 0.9999 -6536
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Table 3. Effect of negative pressure cavitation bubbles on mean particle size, viscosity, and diffusivity

Fractional precipitation type

Mean particle size (um)

Viscosity (g/cm-s) Diffusion coefficient, D ;5 (x 10" m?/s)

49.925
9473

Control*

With negative pressure cavitation bubbles (-200 mmHg)

12 6.798
0.9 47.795

*Without negative pressure (atmospheric pressure, 760 mmHg)
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