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Optimization of liquid-liquid extraction conditions
for paclitaxel separation from plant cell cultures

Jin-Hyun Kim
Department of Chemical Engineering, Kongju National University, Kongju 314-701, Korea.

Abstract In this study, the process parameters of liquid-liquid extraction were optimized to obtain a high purity and yield of
paclitaxel in a pre-purification step. The optimal solvent ratio (methylene chloride/concentrated methanol extract
ratio), extraction times, mixing time, and standing time for liquid-liquid extraction were 0.28 (v/v), 3(times), 30 min,
and 40 min, respectively. The polar impurities from the biomass extraction were efficiently removed by liquid-liquid
extraction. The complete concentration of liquid-liquid extract by rotary evaporator was reliable enough to obtain
a high purity and yield of paclitaxel for subsequent purification steps.
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Paclitaxel (/8] : C4/HsNO14, A1 : 853.9, CAS
number : 33069-62-4)2 A 71 Bo) AHSHIL A
9] PE FE (yew tree)2] EFollA BAH diterpenoid
Age] FerEdeltk 1992 Ak 199419 HH9; 1997
FFEA] F%F (kaposi’s sarcoma), 19993 H|AA|EA #HQ
(non-small cell lung cancer) X|E°l th3}] wl=r FDA (U.S.
Food and Drug Administration) 317} 531t} AlA)
AR 3349 (20039 71D), S APRTEE 55399
(2003'd 71 A=olH FA) M F AT 19, T8
YASBIREA A1 22% AEE HAka Aok =3
Tt A, @2dtolr X& Foll H8Fo| A
g glon, oz & FEETe] Xl A
FAAIRe] Ad Fo 3l FaE A& sold APl
TK1). Paclitaxel®] & A4+ ol FEURA 2H
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FZ (extraction)3h= WH(2), FEUF] A ATA
(¢, baccatin I, 10-deacetylbaccatin III, 10-deacetylpaclitaxel)
£ 9o side chaing 3}8HA o g A= WA (semi-
synthesis) WH(3), FEUFANA callusE F=8tL T
Hjk (seed culture)S AA F8J%%7] (main bioreactor)dl]
A ABAEE Wt A= HHE, 5) o] Atk °lE
Z A A Zugel 2% A4t wHL A5 P T
ok ohe, 7%, 83 5 R o FFE A
&3 AESY) HellA eHEHog Aite] 7hsshr] W
o] 443 F49] paclitaxel S i AL F= th=
o] Aok :

AEHE wjgFel Jste] AHAHE paclitaxel > thF-E
biomass el E3HE o] 3loH(6), AEAH I YO ZTE]
ME-A paclitaxeld] A2 o @Al F=F € A
FTALZ o]FoA ck7-9). BAAZR FHANA $AH F=
FTANA L FEF paclitaxel S E2|/3|4=5= Ao| vjf
% Zastt BaE 2334, 10)9] o3E, & 3PS ¥
A HerE-S )83t biomass F& F FEH| EAF=
t}gFe] SAESE (polar impurity)S - F= (liquid-
liquid extraction)®] 2J&ll A A= Ho] WA e}, o7
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7¥A 7185 (methylene chloride, chloroform, diethylether,
hexane/methylene chloride 5)& ©]-83}o] - & 7
S ZARRE A methylene chloride®] 3% 7V &&
paclitaxel & % F&& Ho] A4 2] 713 &F
FE & Atk AR B-A 5 FHAMY F8 TH
Wl /718 J7h FE34, EFARE A 2l
28 5E AR Tl tig R vig- 253 o)
o &3 B 22 § FEAY F5 Pxd vig ZR
3 vEste] Ui F234 Al A7) ok wEbA
2 grdiMe A 55 B3l AEMTGoRRE
YAEA paclitaxel S E8F 07 B 4 e FHF 9
2785 AAstax e F5HeR 3 Wes I3
szt gtk ol#dt A7Ede AEAEHjde 2 RE
EA paclitaxel e O 2 F&dh=t] AF3) 428
AEE ATY & IS Aoz wudEd:

2

= o

AlSHI= s

B AFNXM= Taxus chinensis®] YO 2EE 4L AE
F (cell line)E ©]4-3+ M ZujUgyS o] &3} TH4). A&
AEjoko 2 RE] ABNZE 3)4:3517] 91519 7] 94
£2]7] (Westfalia, CA150 Clarifying Decanter)S A}-&-3}
Ror, MEXZ} (cell debris)e 14 AAEE]7] (a-Laval,
BTPX 205GD-35 CDEFP)Z Al&3lo] 34=alge}. 353
HEANE} MEZZFS 3351 biomass®} SFHTE £ AT
o] AFE-H biomassE (F)ASFANAZHE] AT uoic)

Paclitaxel 24

HPLC (Waters)E A28} paclitaxel®] 32 £33}
Row BHE B AEE A File B4 F gages
S AAIG T B4 AR column-® Capeell Pak
Ciz UG 120 (250 mm » 4.6 mm, Shiseido, Japan), column
25 40T, o822 acetonitrile/water (20~100% gradient),
TS 1.0 mL/min, A8 FYFE 10 pLolH, UV (227 nm)
detectorZ AF831TH(4). Paclitaxel BF2-2-2- Sigma-Aldrich
AF (% 1 95%) AHSsIdh

Biomass & ¥ - F=F (liquid-liquid extraction)

ANEAFujFR o ZRE 358 biomassE WERES
ol-g3le] ALA 202 43] FE3HCH4). HE-S
# biomass E3FH]= 1/1 (g biomass/mL methanol)E 3}
gom FEAI 13 1082 39th Biomass 53
T ogkE 899& rotary evaporator (760 mmHg, 40T)
X AHY 30%7HA] FESIATE A-A FEL F5H

HERS 8o methylene chlorideg F718ka, &35}
FAAA 4 B2 (% HEE 55 3, 3% methylene
chloride &% &)E =3t -4 FEM9 F2.
24 W42l methylene chloride #7}#, F&314, &3t
AL AANZEE 712 HA43) stk A 2 3 A4 Ee
ZRE] paclitaxelo] EFE0] U= 315 (methylene chloride
8o =& 3|4=3}1L rotary evaporator (760 mmHg, 30C)
ol F=3}aL AFAZE (30T, overnight)dled HPLC 4
& E3}9 paclitaxel =8} $8-8 ALFEITh

o of HgoHe| £ HEo| HE A el

Ao 22 F FEA9 FHUY (FFED)Y OE
FEEe QN3] st FtE FZA A (adsorbent
treatment)®} A (precipitation)2 F3sFATE A-f F
Z2HS oy 71K 2A (A1 A FZE29BS rotary
evaporator2 &3 5% $ol| IFHZXE T3k 9
Az 733 212 0 A8 FZ4S rotary evaporatorZ
A5 =3 A, 273 0 A9 FE0L- rotary evaporator
2 A9 /102 FE F53 A5, £04: 9 32
< rotary evaporator 4N 1/52 & 53¢ HH)
o2 &% & X3P I-A FENe] F=L rotary
evaporator (760 mmHg, 30C)E o83} om F7H4Ql
AZE vacuum dryer (30°C, overnight)ollX =333}t
o7 2702 5 T A%xE AR dAFY FH4
(active clay)E 7} (A- FZ2H9) HZZ/FHA=1/1,
wiw)ated 40CollA 30 minBQt ¥REAIZ] & oJFslgTh
Az" A5 749 FA H2lE A8l Y% methylene
chloride® H7I8ld =91 & F3A A2lE 33t
E3A) X2 & o7}98E hexaned] F7} (&)W hexane =
1710, viv)3ted ARE fxsia A § AAE 531
AHojzl HAES AZXS)T HPLC 42 53} paclitaxel
T} FEE FAsl d.d FEA] F= Aro) JF

< FA3

- -

AEAE v st AYHE paclitaxel > OiF-E
biomass®l WEHo] g1oH(6), 2B+ THjFo 2 HE 3t
£ paclitaxel®] S EiME 9A F7189E ol &
3t biomass FE0] o}F XA ot F7180 (WE)
£ o]83} biomass FE=ONE e SABTE(polar
impurity)e] ¥3=o] =9 methylene chlorideE ©]-&-
3 o) 2= FA| 3 o3 FAAETES T &
HRHoz AAL F I & F IAhFig. 1). H-4
FZ& FAA F8 T WA fV18 b =
B T A B AQF e AL AL AE
A Erfoko 2 HE paclitaxel & Q2 FF3h=d| w5
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a3tk Fa F W5E AFsl] A8 f7eH A
718 (methylene chloride/concentrated methanol extract =
0.20~0.32, v/v), &34 (1~53)), EFAIZE (10~50 min),
A7 (10~80 min)y& 22} B3l P2 TP
t} Table 194 Hi= npe} o] Ao} 2L 931 HA
3to] 37184 (methylene chioride) AM&& FEAIZL £&
paclitaxel & (>95%) =W)X methylene chloride/
concentrated methanol extract HI= 0.28 (v/v), &34+
33], £3A1ZF2 30 min, FAH AT 40 min©] 7 AT
& o & ATk olig A - FE5E A% F7)
|l H7WF 025 (viv), FE3% 33], AT 30 min
o2 B33 Pyo S(11), Jeond Kim(12)8] H19} vl
3 AAE BYS & 5 UM B A 5 3 S5
Hol % =T} £ T viAe I AT

Table 1. Effect of solvent ratio, extraction times, mixing time,
and standing time on the purity and yield of paclitaxel
in liquid-liquid extraction

Solvent  Extraction Mixing Standing Purity Yield
ratio® times time (min) time {min) {%) (%}
0.20 3 30 40 857 92.50
0.24 2 20 20 7.79 91.44
024 2 20 60 8.15 91.42
0.24 2 40 20 8.48 93.1¢
0.24 2 40 60 8.70 93.15
0.24 4 20 20 8.79 91.52
0.24 4 20 60 8.41 9434
0.24 4 40 20 8.93 93.24
0.24 4 40 60 8.81 9449
0.28 1 30 40 8.91 89.65
0.28 3 10 40 8.49 92.11
0.28 3 30 10 8.63 94.36
0.28 3 30 40 8.79 96.51
0.28 3 30 80 8.84 98.50
0.28 3 50 40 8.98 97.72
0.28 5 30 40 8.38 98.158
0.32 2 20 20 8.16 92.41
0.32 2 20 60 8.60 92.34
0.32 2 40 20 8.56 94.12
0.32 2 40 60 8.68 94.73
0.32 4 20 20 9.08 94.47
0.32 4 20 60 9.26 93.00
0.32 4 40 20 8.77 94.92
0.32 4 40 60 9.54 97.48
0.36 3 30 40 9.34 96.37

*Methylene chloride/concentrated methanol extract ratio for
liquid-liquid .extraction.

v 7 79 w5 24 (241 - 49 F29L rotary
evaporator® 48] F5 & Fo 30TCAM JAFHz2E
o] A AT Ae, 22 A FERS rotary
evaporator2 2338] F5 B¢, 203 1 4 FZAS
rotary evaporator® U] /102 ¥& 528 3% =
74 ¢ H-) FZAL rotary evaporator® Yeho] 1/5%
BE 5% 49 o2 35 T4 (hexane JA FA)

o X9] paclitaxel == ¥ &2 Fig. 2] HeERAJT U]
74A wpdel whel ok AR, 9 BE, B 55E AR
g o]gsle] FHA A7) % hexane JHE s Ao,
ZA1ME hexane FAEY % 33% (T&: 95%),
Z70)AE hexane JAEY T& 33% (& | 96%),
Z7Z3A e hexane HAEY £k 24% (5L 99%),
Z 74001 hexane FHEQ] £ 21% (T& 1 99%)9
paclitaxel-Z 2}t A& & Ak & 559 735 A
Az 2 94 5 270 vls] 3534 (FFA AE 2
hexane FA FA)olX 2] BE AA FH 2R ol
o] S ¢ AT WA AN FE ¥ w521
o7x= Z2FANAY & £59] paclitaxel B} of]
g} Ze] oAl = 22 (A-9 FE2HE rotary
evaporator2 9A3] =38 A7) /P viRdEge & §
ATk oj2fet Al - FEHE 3] FFI &
4ol AHE Pyo S(11)9] Eu9} His=gt AHE HJlth
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Fig. 1. Chromatogram of crude extract before (A) and after
(B) liquid-liquid extraction analyzed using RP-HPLC.
The methylene chloride/concentrated methanol extract
ratio, extraction times, mixing time, and standing time were
0.28 (viv), 3 (times), 30 min, and 40 min, respectively.
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Fig. 2. Effect of concentration method on the purity and yield of
paclitaxel in subsequent purification step (1: complete
concentration and drying by rotary evaporator and vacuum
dryer, 2: complete concentration by rotary evaporator,
3: partial concentration of liquid-liquid extract until
10% of original volume by rotary evaporator, 4: partial
concentration of liquid-liquid extract untif 20% of original
volume by rotary evaporator).
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A Zu e 2RE JLEA paclitaxel

€31 $E 0 $82 27 Fs® 4ol 33 TN
o %o 4 WEEE F48 A3, 0o 222 919

7181} (methylene chloride) H7}5, &3,
EHAZY, FAAZL 22} 0.28 (v/v), 3 (times), 30 min,
and 40 min¥E & & Ytk A == FAHL E3J)
HEES o8¢t blomass ZZ‘joﬂ M?{}E]OJ AE ThEke]
=y R oN AAS=E v)-$- aaAo|rt =3k oll_o¥
=S ojm—ﬂoi"wf FEITHAMY 2 —EEO
paclitaxel #%) o1L]2} Heie] goly Zwiold oot =
Z9S rotary evaporator® A3 =3 Ao| s

S & 4 AUk
# A
v d7e FAV19%e SRR IS NEAUA
o3 FYHARoH Apu] 2o 7‘*}‘:%3144
a1 20099 349 16, ARSI 1 20009 349 31
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