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Abstract — In batch experiments, the adsorption of 7-epi-10-deacetylpaclitaxel was studied using Sylopute. Experimental
equilibrium data were applied to Langmuir, Freundlich, Temkin and Dubinin-Radushkevich isotherm models. Among
the four isotherm models tested, the Langmuir isotherm model gave the highest accuracy. The adsorption capacity was
found to decrease with increases in temperature and the adsorption of 7-epi-10-deacetylpaclitaxel onto Sylopute was a
favorable physical process. Adsorption kinetic data agreed very well with the pseudo-second-order kinetic model, while
boundary layer diffusion and intraparticle diffusion did not play a key role in the adsorption process. The process of 7-
epi-10-deacetylpaclitaxel adsorption onto Sylopute was exothermic and nonspontaneous. Also, the adsorption isosteric
heat was independent of surface loading indicating an energetically homogeneous adsorbent.
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Fig. 2. Adsorption isotherm for 7-epi-10-deacetylpaclitaxel onto Sylo-
pute at different temperatures.
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Table 1. Langmuir, Freundlich, Temkin, and Dubinin-Radushkevich isotherm constants for the adsorption of 7-epi-10-deacetylpaclitaxel

onto Sylopute

Isotherm Parameter Temperature (K)

298 303 308 313

Qe (ME/2) 243.90 232.56 217.39 196.08

K, (L/mg) 0.00046 0.00044 0.00040 0.00039

Langmuir R, 0.2823-0.6839 0.2913-0.6933 0.3144-0.7161 0.3203-0.7216

e 0.992 0.992 0.987 0.978
RMSD 4.68 4.14 3.96 4.06
K (mg/g) (L/mg)"" 0.93 0.80 0.71 0.68
Freundlich I/n 0.63 0.64 0.64 0.63
P 0.979 0.981 0.979 0.967
RMSD 6.96 5.78 491 4.67
B (J/mol) 54.88 52.64 49.83 45.85

) K, (L/mg) 0.0043 0.0039 0.0035 0.0033

Temkin .

r 0.976 0.976 0.969 0.956
RMSD 5.07 4.46 431 4.18

qp (mg/g) 127.66 120.01 111.31 102.68
Kpg * 107 (mol/kJ)>? 0.047 0.059 0.072 0.089
Dubinin-Radushkevich E (kJ/mol) 3.25 2.92 2.63 2.38
r 0.881 0.891 0.889 0.894
RMSD 12.49 10.51 9.03 7.15
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Fig. 3. Adsorption isotherms using linear form for 7-epi-10-deacetylpaclitaxel onto Sylopute at different temperatures: (A); Langmuir iso-
therm, (B); Freundlich isotherm, (C); Temkin isotherm, and (D); Dubinin-Radushkevich isotherm.
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Table 2. Comparison of adsorption characteristics of typical paclitaxel’s derivatives from Zaxus chinensis onto Sylopute at different temperatures

(298-313 K)
Paclitaxel derivatives Best-fit isotherm Maximum adsorption capacity (mg/g) Thermodynamic characteristics Ref.
7-Epi-10-deacetylpaclitaxel Langmuir 243.90-196.08 AH"<0, AS°<0, AG*>0 This study

13-Dehydroxybaccatin I11 Langmuir 111.11-104.17 AH%<0, AS’<0, AG*>0 [22]
10-Deacetylpaclitaxel Freundlich 270.61-281.99 AH>0, AS®>0, AG*>0 [23]
Cephalomannine Temkin 138.89-136.43 AH%<0, AS°<0, AG<0 [24]

EAl0] g = 243.90~196.08 mg/gl) HHA 13-Tl3lo] =S A In (g, —q) =Inq.—kit ©)

II 111.11~104.17 mg/g, 10-ClopEsE21E4 270.61~281.99 mg/g,
AlZZehd 138.89~136.43 mg/gs ZH2F YERYISILE B8t 13-1]35h
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Fig. 4. Pseudo-second-order plot (A) and intraparticle diffusion plot for the adsorption of 7-epi-10-deacetylpaclitaxel onto Sylopute at a 7-
epi-10-deacetylpaclitaxel concentration of 4,500 mg/L and a Sylopute concentration of 10 g/L.

Table 3. Parameters of pseudo-second-order kinetic model for the adsorption of 7-epi-10-deacetylpaclitaxel onto Sylopute at different temperatures

Pseudo-second-order kinetic model

Initial conc. Temperature Qe.exp
(mg/L) (K) (mg/g) Qoct (M) k, (g/mg-min) r Aq (%)
298 169.98 169.46 1.16 1.00 0.35
4500 303 166.69 166.69 0.90 1.00 0.12
308 164.43 163.89 0.74 1.00 0.15
313 160.84 161.24 0.64 1.00 0.03
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min'? =1 Wk 77 242 79 vl 2R Fh(<0.5 g/mgmin' )y
71zItH21-24]. dE g2 A9 A Ul Fato] F&F SR
G5 m|AE W T AR Al EeR, 10t e E T e,
13-Csle| =5 AT MR 25 7-09]-10-T] oA e o= et 2]
A9-sF vRIRA 2 F2 SR A Q) RS mX|X] ¢hghr21-24].
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In k,9F 1/TE %231Fig. 5(A))ati, 2419 7|87 2 5E] T8
E = -30.63 kJ/mol°]1tH(Table 4). E, <40 kJ/molo| =& A ZFE
of tigt 7-efl5]-10-todatEal e e] Sake Bl Aels &
AATH30].

EF gy H3l(AH), B AEZ Y] H3HASY), EF Gibbs
Aol A |BHAG)E 76171 $1510, 2] (13)2] van’t Hoff 21-&
o]g3t In K 8 1/TE =238 tHFig. 5(B)).

InK,=2=— (13)

HA AMe] 718-7] 9} AW O 2 HE] AHS} AS'E A4t &
AG'E 15133 tH(Table 4). AH:= -0.76 ki/molZ 2] kS YERfo]
S2 B o] S glakalth ASYE -0.02 kl/mol KE 5-2]
Folm 7 & M8yl me} F- A % (randomness or disorder)”} 7+
281 AGYE= k2] 7H(6.99~7.30 ki/mol) 2.8 E&to] H]xpkA
(non-spontaneous)®] S tH31]. T3t &% Z7}e ukel AG7} 7}
stEE, Fao] &5 St whEh o vjxpA S o 4= SIS
TS AGY> 20 ki/molo] B2 E2]d IS Ajglst 4= Sisith
[32]. O+ RS vl as) X (Table 2), 10-T]otA g ukEa] g
A= AH>0E 54, 13-tte] =5 A b7 Mgk Al 22 vhd =
AH'<0Z gFd 9l & 5= Il 22-24]. 10-t]otH e uE e ehd=
AS®>0= F&to] F el et FAMNEIF F7kshe v Al E
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Fig. 5. Plot of In k, versus 1/T (1*=0.989) (A), In K, versus 1/T (’=
0.766) (B), and In k,/T versus 1/T (1?=0.991) (C).
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Table 4. Thermodynamic parameters and activation parameters for the adsorption of 7-epi-10-deacetylpaclitaxel onto Sylopute at different temperatures
Temperature (K) K, E,(kl/mol) AH (kJ/mol)  AS (kJ/mol-K) AG (kJ/mol) AH" (kJ/mol)  AS™ (kJ/mol-K)  AG" (kJ/mol)

298 16.79 6.99 72.71

303 16.58 -30.63 -0.76 -0.02 707 -31.68 -0.35 7446

308 16.55 7.19 76.21

313 16.53 7.30 77.97
4kA] (spontaneous)Q! RHA 10-tlohA|E glE2] gH4l 3} 13-T]5o| = YERIITH AH A= g0l ZHAISe] A2l 47 3181=Hl(~1 ki/mol),
Z A 1M1= AG™>0E H] AH 2] (nonspontaneous) Y & & 5 Ol FatA 9] X7} 7L S oJn|gkrh24]. 3 AH, 3k
ANt ©] 80 kJ/mol ©]3}%, A ZFFEC] t)t 7-of5]-10-t] oM 3}-F2]

2 74 <] Ao] AdeellA B4 Sz (activated complex)] -3 5} gAle] Fato] 284 3HYE Zﬁﬂolé}oﬂq [21]. $F4, 22 EA,
gt e & 24187 fl3te], A (14)2] Eyring 215 ©]€-3}0] In AlZErkd, 10-t]o I g-EE] g 73-9-121,23,24]00F g0l LﬂrE
ky/ T} UTE E24183819 Fig. 5(C)ll YERAATH, AHy ko] AL] 27g gt vhd 13-t]slo] =5 AR 1M1= @io}gi

K K, AST AN ?Eﬂ, ol F2to] Xl wt F2A) 2] ﬁﬁq}ﬂl‘#ﬂﬂ_ﬁ"é&i
n(2) = LA A (49 FaAel A B3l Gelo] Zrhe ol FabAl2 F2 7ho)
%ix]—%o] x.ﬂ-(s]_%g ok %Mp}[zz wal jq-ig]B—Aﬂ Aﬂ:ﬂriu]_

WA Axe] 7]&7] 9} Ao 25 B3] gy Wi AH)9} , 10-t]opAda-Z2 g4, 13-l ESAHFHE 1T B AHy
3} EZT |SHASHE AlLkst & 3} Gibbs AHT-llH A %ol 80 kl/mol ©J8k2 =2]2] F29E & = AUSATH21-24].
H3HAGHS 53 tH(Table 4). AH'(-31.68 kI/mol) £} AS"(-0.35
kJ/mol- K= BF 9] 3k 714 o] 11 A gk vl LS (associative 4.4 =
mechanism)ye Z35H= 34U & = AAUTH33). AGE W&

ol Mo AFej= HEE7] QJste] 2ol UAE FEite HAToNM = A S22 ARFEE ol &5t AEAME
R B2 FoA ko] 3hS 7FA ok sh=] [33], AG'E BE & Taxus chinensis 2 7-o113]-10-t] oA E v} 2] EFAl o] F-2}e] ¢
¢(298~313 K)ol A &k8] 2k(72.71~77.97 kl/mol)S B.o] 2+ 13 o 25 A, Tosh 9 ?—;1 184 S|SBl S BAE A

5-S- 5He1Ek9it). o7 7‘*]-‘5’]-0313]— &2 H3 d|o|E] & Langmuir, Freundlich,

S ZHAAH)S 34 H23E 935X 59 shiold, o] = Temkin 2! Dubinin-Radushkevich 525220 283 A3} &
Arkslr] fleto] F2(q, )& 60~110 mg/g© & A3kl C 8 q.5 3o] Al on, & STl upet FAF &5 A
Clausius-Clapeyron 2]f| 22321t} 24 F&go] o3t v ¥tk T2 1? 74(>0.978)7 w2

ddn C) _ AHy RMSD #4(<4.68)= 5.1 Langmuir 5-2-5-214]0] 71 228}l

T o (15) T2 3L A olAF nkgg Aol whE-S & = glglom, A}
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Fig. 6. Plot of In C, versus 1/T (A) and AHy versus q, (B) for the adsorption of 7-epi-10-deacetylpaclitaxel onto Sylopute.
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