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Evaluation of Mesoporous Alumina Adsorbent for the Purification of Paclitaxel. Oh, Hyeon-Jeong, Kyeong Youl
Jung*, and Jin-Hyun Kim*. Department of Chemical Engineering, Kongju National University, Cheonan 330-717, Korea

Several types of mesoporous alumina adsorbents with different physical properties were prepared by spray pyrolysis and were
used for the separation/purification of the anticancer agent paclitaxel. The pore diameter of the adsorbents had a greater effect
than did the surface area and the pore volume on the removal of plant-derived impurities. An appropriate pore diameter
(~10.8 nm) was required for effective impurity removal. At a constant pore diameter, the surface area of the adsorbent affected
not only the purity but also the yield of paclitaxel. Also, increasing the surface area of the adsorbent resulted in an increase in
the adsorption of paclitaxel and impurities (biomass-derived tar and wax components). Removal of these impurities was con-
firmed by HPLC analysis of the absorbent after the treatment and TGA of the organic substances that were bound to the adsor-

bent.
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Paclitaxel-> &2 (yew tree)?] F 3| oA B7A% diterpenoid
AL FAEEAE G2y, 3, 7HEA FFKaposi's
sarcoma) ¥ H]|AAZA] # % (non-small cell lung cancer,
NSCLC) A &&8°& u=Z FDA (U.S. Food and Drug
Administration) 37+ FE3tY @A 713 Wol AHEE 1L
Ae FAoItH16]. B FutE| A4 HEE, =5t
A7 59 A&5ol A% gH1 gleH, oy & A&
RSk EakA el Wit Aol A Fofl o FF
% paclitaxel 9= A& ol Ago|t}[g].

Paclitaxel®] =2 A4t Whfoll= A 7FA7F k. AA,
B (yew tree)oll A AH FE5t= WH[24] 22 Y59
A&AQ Fgol oYL FEAANE B2 ojgFo] I
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o AHETF FHEUR B HgetA] F2 4o
. B4, FEUF A4 AFA(baccatin III, 10-
deacetylbaccatin III, 10-deacetylpaclitaxel 5)& 9o
side chaing 8t2 0 2 Agst= vharyg W olth1]. o]
B GA ALAE FEUFA A dojof ez Y
F29 Ao kA EAEES 7HA L ok AR,
U A callusE FE8taL S-S AA FHjg7]d)
A AEAMEZE vjgste] D= #HoltH10, 15]. A=A 24
FHE 7%, B4 5Y YR AR 3 FFS A ¢
I AETST] WollA tFH R AYito] 7H55t7] wj ol
A% F4 9 paclitaxel & g B4 5 k= Ao
Utk I 9 o R A WH[12]n vgE Ya 9
ok A W [22]0] oY paclitaxel®] $=&0] Wol 443}
o= ob4 ofzZol grt.

JHB2 @A AEN TGO ERE oy dA Y =&
2 A TS AA 52 £59 paclitaxel& F2 A3t
Ak gRkdo s fe 9 AR B d=Ql Holen)
A (paclitaxel S -G3F A B A Z)ZHE paclitaxel S HA
#7182 &35k, A A g (pre-purification) 3 A
A HE AAE T3t AEFE Bt FH LR o]FoA
A=, o] BN &3] A A FHL AT FA v
o B FFe nFT12, 13, 22]. 71E9 AFEI[2, 4, 2500



At 3AE 9% A A2 3402 7k aznhe e
£ o&st AAY A Y glo] FE& AF crude
paclitaxel 2 HPLC (high performance liquid chromatography)
o oA BtZ 2F FAISHA Hrh HA = vlo]emjA2 R
B {71 &mE o] &3t paclitaxel& FE3tH == 0.5%
osto|m, 7hekat A AT 2 FTo® 10% FE9 52
9% vtk 0|2 AR E 2 HPLCO ojste] 2% 47
o A AAA SHAA B2 A7 en E3L scale-up
2 At B ojEgo] etk webd d A 34
= 5ol A &Y ¢=E 7HedHE ¥4 (F4 50% o) 5
ojof & AA|, £35] HPLCE ©]43 AA M9 v &S =
q % gt

A Ae FHOR A4 A L WHol] o3 nawe
crude paclitaxel& ¥ 4= 9= HhHo] ®ux o] glch[23].
AR g2 4 g2 A482S F2A AYE AAT Fo
Aol 95t lx'z‘——f_’: &% (>50%)2] crude paclitaxelS

I HYSHA A A & 5 A=

OIE}. H4ER Ee 2 %}i 48 paclitaxelo] £2)/4
3] HPLC A 34 °ﬂ/‘1 z
A7 Bk ot A2l
A A 7]_,_ oo ok,] £7] /\]._9_2_ Lugto g A x-]a
S0l A REEA] A AE ofof gtTh[16]. ¥R W U= 47
Seigd g4, 449 AERA SFHLE A2 3
FAA2 Ye) ALET ATHIS, 20]. shA mulur
S2AAE 0] &3 A ELH B2 U JA HBE AAE £
FAE4 paclitaxel FA o T3 AAH A= W% vlF
# Agolth wehd B ATAE B8 epray
pyrolysis) S ol Qs Al xH E2|& 540 E}E EP—’“
w2 7]% ¢F 0] (mesoporous alumina) &2HA| Q] A%
2N B9 9RE 7|2l S 50 B4
A2 7H BRE FAAE Azstel BUA vshe] mE
e B EEE =N E R A R
o 95 G424 pactitaxel BAE Si3tel, T} 3
Ao £ 54 Ha7E F2A A2 anel n A= FF
& AA3) 2R S,

' 3

Ei

ASEL} HHUEA

w2 Aol ANE AEMZFHS Taxus chinensis®]
S 2RE A AEZF(cell line)E o] &t wjFstFith
Taxus chinensis25 8 7] 9% W M| ZE 24°C 424
oA 150 rpm O 2 W HF3}Fe] w9kl 3t & E(suspension)
M EZ+= A% Gamborg's B5 8| A|[5], 30 g/L sucrose,
10 uM NAA (naphthalene acetic acid), 0.2 uM BA (6-
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benzylamino purine), 1 g/L casein hydrolysate, 1 g/L 2-
[N-morpholino]ethansulfonic acid (MES)oj| 4] Bl %3} Tt
A e 27nteh A2 w2 Zolglon] AT )
Fe QA7) S8 193 219 A = ol 1:2%9]
maltoseE H7F8| I elicitor2 A4 B Z7]9 4 uM 2]
AGNOsZ H7He) F9IrH3). HEAZHFI N3] Fa):
32 M3, wjoF Hul: 25 M®) & ujofHo2HE 4500 g
decanter (Westfalia, CA150 Claritying Decanter)®?} 10,000 g
& A A2 7] (a-Laval, BTPX205GD-35CDEEP)E o| &
3t Al EA| ::’:9]- M| 32 ZZF(cell debris)S A& XYoo Z 3
3ttt 34t AE A Zef A2 R ZH(cell debris)S &5t
of vpo]lemjAgt 5tGith & Ao AHEE HpolemjAE
EAGA A2 R E AlFEgkT.

Izl

Paclitaxel 241

Paclitaxel 3+ 242 98] HPLC system (Waters,
USA)Z} Capell Pak C;g (250 X 4.6 mm, Shiseido, Japan)
292 AL O EAL SHEYET £54 B8
L0 (35/65-65/35, viv, gradient mode)& flow rate 1.0 ml/
min® 2 Z#FcH A|B FYAFLE 20 plo]w 227 nmoj A
UVl l#) 42Tt HPLC 48 EZ2ESTHE o8
3P o FEA|REE Sigma-Aldrich A& (&X: 95%)S A
&5k TH14].

SAH X2IE fIgt Al=ZEH|

AEA 2 GH 2R E 3|43 vio] e A9} wjghE 9]
HEE 11 (wiv)E 3to] A4 308 Fet &3t ot
5111, Hfo] e mj Ao A 2e WEr2L Hvlete] Ut uhg
O 43| yHESte] £&& $Y5ATH10]. & AHE
ot %"‘71 (CCA-1100, EYELA, Japan)ol| 4] 40°C, mygq}
N 5 @YY 30%)3tT FEAof WP F2ao|=s
%47}(%%:—0&4 25%)3F 3 Aol A 308 ok .9 22 &
3%] HHE 35}}it. ©
£ 3 SHeEeE
paclitaxel2 3}Z2l o
<, A lA =/
2ol ARE-SFRATHLT].
10.6%0] th.

of.of 22 T A} B2 (phase separation)
A HEgE FoE A AL,
a s\2elc] 2l
x

shick. A28 A=E FAA A
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ojLt S M

—?%—E‘Gﬂ S0 s 34 Hz7E ¢FuUE A
sttt gFulw Zﬂ?—iﬂi aluminum nitrate [AI(NOs)s:
9H20, Aldrlch E AHEStYa, 71F FAE AT FEAR
+ poly (ethylene glycol)-block-Poly(propylene glycol)-block-
Poly (ethylene glycol) (P123, Aldrich), cetyltrimethyl-

5 o]
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ammonium chloride (CTAC, Aldrich), cetyltrimethyl-
ammonium bromide (CTAB, Aldrich, 98%)& AF-&3}Si T}
Bogoo of 2o AL ol Lolo] CTAC, P123/
CTAB P123/CTAC ¥ P123& #7}sle] A z3 %t &3
o ATA Y AA FEE 0.2 M2 1A B 7]F
37] 3nm, 4-5nm, >10 nme ¥¢Fujy dRE= 474
CTAC, P123/CTAB E+= P123/CTAC, P1232 A5l A
zstgth. 71532717 & Y F7 Y €F v (alumina T,
alumina II, alumina III, alumina IV)9] 4 X]= Table 1
o gttt 1€ 7133704 EFute] 2HA S
HER9 S HMIAA 2EsH dRuE 7€ 77
HZ3) CTACY & H|+= 0.05-0.35, P123/CTACY] & H|=
0.03/0.3-0.5, P1232] & H|&= 0.032 TAAA FUTh A=
3t HE oo zoul ofz HRAIALX](aerosol generator, X1
7 671, 1.7 MHz, T2 AA Y B)E o] &3t A&
3t The LH|AE Bl S I|UR o|EA AT 24l
AZE 3718 AH8st¥ e, 432 10 /min® 2 1143}
At AzxEe} t&%r‘;,} H37]= 4ol 1200 mm, &7
7+ AH2319 T AZEE two-zonel
Z = T1 =150-300°C, T2 = 200-350°C,
HhSH o] @ & T3 = 500-700°CE TAA T FZ whs
3}

nE 23t JAES BEE Qe S olgsted T
Azxd B st F71EES o7 Y8 1712 Y
oA 2AAIA AASH. H7]129 =& 550°CHL 5=
Table 1. Physical properties of spherical mesoporous
aluminas.

Alumina Surface area Pore volume Pore diameter

(m?/g) (cm®/g) (nm)

Alumina | 329 0.33 3.2
Alumina Il 277 0.56 5.1
Alumina 1l 256 1.01 10.8
Alumina IV 107 0.50 13.4

Table 2. Physical properties of 3.0-3.3 nm and 4.6-5.2 nm
spherical mesoporous aluminas.

. Surface area Pore volume Pore diameter
Alumina

(m?g) (cm’/g) (nm)
3A-1 172 0.19 3.3
3A-2 243 0.23 3.0
3A-3 329 0.33 3.2
3A-4 470 0.43 3.0
5A-1 153 0.34 5.2
5A-2 277 0.56 5.1
5A-3 316 0.71 4.6
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24N HT 24
S 200°C1 A4 2 A
& & Micrometrics AF2] ASAP 20002 ©]-23F0 —196°Co]
A 2R3ttt Atiere 0.06-0.3 HYolA &2 dolE et
BET (Brunauer-Emmett-Teller)H-& o|-&3}o] FHZ S A
AbsETH6]. 71851 = AYE 0.995004 S Huj2H
= 74]41'3}3?\—9“1 713371 17-3000 A HoolA &2 5&
Ao 2 HE BJH (Barrett-Joyner-Halenda)¥ & ©]|-8-3}¢]
Airst gt A 715270 A ket FHA S 7=
o34 Wz27]F EFuu FZA = Table 29 YER STt

: 1°C/min) F7]2%)7] stollA 4A17F F9t
_]

LB
de Bue Ak FALY FLAe

E}_% crude extractE W23 FE o] =9 20% (v/w)
H]-& 2 o)1 Z2HA| (adsorbent)?l mesoporous spherical
alumina® AZ% crude extract HH] 50% (w/w) H|&Z2 3
Jhstel 40°Coll A} 308 5k Tekatnl WA - ol
o olzhele 30°C, PRl A Az tol S WA of
g9,

ot

SlIAF =IXq

FAA A ¥ Axd ARE HdA FRefo| 2o 5o
Sate] dojEef FAS fr=ote] NS4 EeES A
5‘514(111]% SR B/ = 1710, viv). A FAH & o

£ S0t fojA JAES 35°CollA 24A17F A3 % 8}
“E} Azd HAd=9 —rEQ} F&= SHHPLC £4)3}
of A A= ans FAstA

J

TGA 2M

Thermogravimetric analysis (TGA) (SDTQ600, Shimadzu,
Japan)E ARt F2HA| AF & FAHA o ol%l= %—’F
2 @729 %S 245t LR Wak o
o) Wk 2ote] §71% & HF Asksom air
£ FU5t1 2EE 800°C7HA WA At

Aa g na
L20/Lte| 22X EdHslo| ME e

EREE T A3 22 EA&EHA, 7157y, 7|
A2l o Y F79 0FA HZ2FT Loy
(alumina I, alumina II, alumina III, alumina IV)& A%
ool 5270 A2 AE YA o SR LR0E
Abgate] A Ao S AL Laste] AAES of
/5] 4=5taL, 35°Col| Al 24417 Ft 1% A%3te] HPLCE
BX319ct. Fig. 194 BE v1e} Z4o] alumina I, alumina

II, alumina III &2 2 7] FAE0] Z7F8E paclitaxel &
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Fig. 1. Effect of adsorbent on the purity and yield of paclitaxel
in hexane precipitation.
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Fig. 2. HPLC chromatograms of washing solution after
adsorbent treatment of alumina.
The arrow indicates the position of paclitaxel.

E —— Aluminal|
1004 eeee- Alumina Il
-------- Alumina Il

954 D Alumina IV
90

85

Weight (%)

80

75

70 e

65

—————
150 200 250 300 350 400 450 500 550 600 650 700 750 800
Temperature (°C)

Fig. 3. Thermogravimetric analysis (TGA) curves of four
types of alumina after adsorbent treatment.
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o} go| F7 }:5]"3]' alumina IVO| A ThA| —’P—EQ} 290]
HASHE AEFS 2t Alumina [IIE AMHESHES o 7]—
A =2 £E(~52.5%)2 T&(~56.8%)2] paclitaxelS =
5 ]911:}. ﬁ’il'xﬂ"ﬂ %% E¢EY AT ZAst] st
=

/\1]75]0}0:] HPLC A4S -’F—EEOP‘”‘:} 21]. Fig. 204 HE& H}
9} Z+o] alumina II1¢] alumina I, alumina II, alumina
Vel Blste] g %¢%§°] FHAARS ¢+ “21‘3}
A 22 f71E9] F= A7) A3l TGA ‘:"5'1
Y53t Fig. 304 H upe} Zo] FRA o] 22 Tr7]E
9] 9Fo| alumina III (30 wt%), alumina II (23.7 wt%),
alumina IV (20.9 wt%), alumina I (18.8 wt%) €2 2 U}
B}t alumina 19 7H W2 f7|2EE2 9 92 42 X
ol FAAADE FFH2 FAT % YAt ol A
An i G2old FAA0 2o S THHT
J)BR5 HEfE 7122701 BAR0] S2A A2 ol
wo g3k n L & £ ot B FAT 7| FAE
(~10.8 nm)°f| A A= E}E U GA JES ZATN B
= AAS=T 7P A dS & 5 Ui FEE 7]
37| A EeEE0] ARH R 7] W2 gHibe o]
P AARE AR J&EF%E} 11]. o] 3t A7 AT o
& Il B2 A8 AL AAT | A
g 7152719 %o aFHT= 7)E EA9] B
A Aoz, BeBEayol A a1y
BE7) AL A BD S 20T 4TS o
o]

e

Lo o rjvr-l' L

Hﬂ E‘oi' e 051

[e]

N o K orlr oox mor o

2 53
7] g2 ol
slof| = ".ﬁ'%*

St 71837(|0IM L20|Lte] EHE H =
A lerd =2 2 &

gFo; FFA Y £ &
< 233 BEES ANHOE A HfA 4
E?‘»; 32717 ERFTS & 5 Atk o8 EYE 4
Bl 7]%371 N Tt FHHE 7HA] = th3A w27)F

Fo|UE A xste] HA Wzl 2 F2A| A 5y}
£ AT 2 Ao s 43T 71327015 A5
3.0-3.3 nm)9| A EHZ o] ThE d| 7 &Zu|if(Table

2, 3A-1~3A-0% AZ3lo] FHA A APL +FsA
T4 A2 & T A WAL 23 AL Fig. 449

Ve gt 420y 3A-1 (172 m%/g), 3A-2 (243 m%g),
3A-3 (329 m%g), 3A-4 (470 m¥Yg) £ 2.2, = EHZ o] Z

7V&4E paclitaxel €55 24 27188 4 4 Idgdh
W a2 BHE b0 wEh Ao HET} glthrt 3A-4
(470 m¥g)ol|l A @3]8 HATS & 5 Ut ol At
L 3240 FHF 0| 2718 2 ELE0 auFHoR A
A=e] T4 FAQ A A A A paclitaxel =+ 57t

T 1 o
ot= WrH 54 ®HA ol A= F2E & paclitaxelo] T
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Fig. 4. Effect of adsorbent on the purity and yield of paclitaxel
in hexane precipitation: (A) 3.0-3.3 nm, (B) 4.6-5.2 nm.

o} A paclitaxel $£&& ZAste Ao
A A7 & S&A A & 7
stof, FAHA A2 F ojnsto] FAAE 3
582 A H35te] HPLC 248 S35t tH21). Flg 5A0ﬂ
A Hi= upe} Zho] WA W3lo] el HPLC A 2rtETH
oA =3 e o] & BYS AT 5 Ut &5
U 83A-1 (172 m%g), 3A-2 (243 m?%/g), 3A-3 (329 m?%g)o|
H]3] 3A-4 (470 m¥g)ollA APgFHeZ =2 ELE 1
paclitaxel I & Q18 4= Q. = q
oA Hlo| QmjA SF) B E W A g

o] ¢] o] &= paclitaxelo] @o] & 2t5 o]
HA A paclitaxel ==& 80 G v
AUTH1L, 21]. F&HA A & FZA A 22 /7189 &=
A7) S15te], TGA #4& +AFHATH21]. Fig. 6AA
Hz vie} Zo] FAHAO] 88 #7159 & 3A-1 (15.8 wt%),
3A-2 (18.7 wt%), 3A-3 (18.8 wt%), 3A-4 (25.5 wt%) =<
2 UEith g13o] S7tEeE vrojems 3 f71E
o] o Wo| ZZ/AAEE AFF oz Ut £ et &
HhE o2 A (o, 4%, B4 E4)9 FHHo| 2 +F

ofd H K
o o g
po o o F

Z
Kol
=
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o e Jlm
D @ o o
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o
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Fig. 5. HPLC chromatograms of washing solution after
adsorbent treatment with a pore size of (A) 3.0-3.3 nm and (B)
4.6-5.2 nm.

The arrow indicates the position of paclitaxel.

ol e mj A R B2 A& AAC Al 7|9 His
(7,9, 1912 EAFHe & o= AU
AT 7152711 A 5+ 4.6-5.2 nm)o| A EHZ o] T}
Al F579 dFr|(Table 2, 5A-1~5A-3)5 A28t J
A A2 adtE 2ASHETH S2A A E g £ A A
A& 33 43E Fig. 4Bof| Yetigich gFojute] 29
o] Z7184E paclitaxel &E=7} ‘3‘7]"3]":}7]' 5A-2 (277
m%g) ¥ A9 #3rt ggich v &2 FHE 71
utet A9 M3k} ¢lokrt 5A-3 (316 m2/g)°ﬂ*1 Haskglot.
FHA A T FHA Y B2 AEEY AFS IAsH] 9
gto}, S2HA A2 & of st FAAE st o] & b
@22 Al A5t HPLC #4]& 433 31th10]. Fig. 5Bl
A B upe} ZHo] 5A-1 (153 m?/g), 5A-2 (277 m?/g)o] H]
3 5A-3 (316 m¥g)oll A AHA O E =2 paclitaxel IS
gle = AT oYt o] f= FHH O] FHoRE

ol

D
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Fig. 6. TGA curves of adsorbents with a pore size of (A) 3.0-
3.3 nm and (B) 4.6-5.2 nm after adsorbent treatment.

5A-3 (316 m%/g)°] 1 E 3| paclitaxelo] © Wo] &Z2tg o
paclitaxel =&0] Z4stE Ao 2 AT A A2

T FFRA 0 B 7]5—4 Fe AEet7] Aste, TGA &
A& F3stGTH21]. Fig. 6BolA X viel Zro] F2A o
Eo 97120 kS 5A1 (20.9 wt%), 5A-2 (22.7 wt%),
5A-3 (25.3 wt%)& 22 JEltorm 5A-3 (316 m%/g)ol|A] 7}

WS G71BEE D Y42 4R Zol FHAABES 3

FHOoFE ZRlg 5 st
2 9
Hlo]| @ uj A Sa] EZ paclitaxel ZAE ¢5}to], B

S0 S Hl21E AR5 FAAE Azl 521
A A £7E 2AS AL g2ude) Bed 54 5 %
@A 73R Hote 712271012 A B0l A A
Ato] B FFL nAT 53] AW 7132 (1 BAE:
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10.8 nm)oll A A5 B2 9 gA JES 23S E¢
& AAsk=H 7P B o gleh. 44T 71327 oA

FA| 2] AL paclitaxel =80 o2t $=8of e

ko Ao A9 FHA 0] £7184Z paclitaxelt £
ZEbol oA 43 B2 9 gA JB 23 T3 A=
Z718ktt ol Fdt E4E AlA adtE S&A AT &
A S Wet2 2 A H 3l HPLCE 243 dxel 3%
#71E9] TGA A% 24 242 AT =+ 3
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