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Preparation and Characterization of PTX-MWNTs-COOH and Its in Vitro Release

CHEN Dan-ping® ,DAI Hai-ying® ,LIU Jin-ling", LIN Xiao-chao®, ZHANG Han"* ,SUO Xu-bin"* (a. School of Phar-
nacy, b. School of Traditional Chinese Medicine, Guangdong Pharmaceutical University, Guangzhou 510006, China)

ABSTRACT :OBJECTIVE To prepare and characterize PTX-MWCNTs-COOH complex and study its in vitro release properties.
METHODS The PTX-MWCNTs-COOH complex was prepared by solvent blending method with paclitaxel as drug, phospholipid as
surfactant. It was characterized by laser particle size analyzer, transmission electron microscope (TEM) and DSC analysis. The drug
loading was determined by filtration membrane together HPLC method and the entrapment efficiency was determined by microcolumn
separation together HPLC method. The in vitro release of the PTX-MWCNTs-COOH complex was studied in PBS buffer at pH 7. 4 ( con-
taining 1% Tween-80) with revers dialysis method. RESULTS The Zeta potential of PTX-MWCNTs-COOH complex was ( —24.5 +
1.01) mV,the drug loading was(50.09 +0.02) % ,and the entrapment efficiency was (76.80 +0.02)%. The cumulative release in
vitro was perfect. CONCLUSION PTX-MWCNTs-COOH showed good physicochemical properties such as high drug loading and en-
trapment efficiency. The method of reverse dialysis can be used to study the release behavior of PTX-MWCNTs-COOH in wvitro.
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2,6,12,20,40,80,200 pg - mL_lﬂ’\JXﬂ‘ﬁﬁ‘iﬁiﬁ,T{E/ﬂ,
ORI 2. 2,17 BT €05 A5 R HEREAG I, T S 06 T
L DA TR (Y) S A AR, B MR B (p) S A A
PEATERAE U, 45 [ J5 2 Y = 10 288p + 27 619
(r=0.999 3) , ZEPEFEEI R 0.5 ~200 pg - mL™",
2.3.3 LR REE HEEEE S0xEA
Xt BRI TR o R 0 T SRR A VB B RE 43 HT L 40 e
- 633 -

Chin Pharm J, 2019 April, Vol. 54 No. 8



sk HPLC B (B 1) 25 1R e Ak 5~ &
JEVERAF BRI R 6,20 140 pg - mL7' Y
PTX XJ BRI, T 1 d S HERE 5 K, ELLHE S
d, 255 H 06 T B RSD 435114 0. 87% . 1.37% Fil
0.79% , H ] ¥ %5 J£ W i A2 RSD 435 2 1. 84% |
1.51% Fi 1.54% , 3 WA 4 G %% B R 4f. B 20
pe « mL U IR A, 20 TR 0,2,4,8,16,24
h BF PR A 0 5, 245 SR % B 3 V0 1T ALY RSD Sy
1.91% ,FRUI0 B T 24 h R OE PE R AT, e
JE N T 2

2.4 PTX-MWCNTs-COOH #; 25 & % & H X iyl &

2.4.1 JERY BB R OREE R mL
PTX-MWCNTs-COOH 4387, A 1 mg 254, &8
ARSI S pm RLFLIEAR ; 5 B PTX-MWCNTs-
COOH 43 i | mL B A5 HF it 5 wm FFLYE
FEE W B 2 S R RIS T, IS T I S AR AR R IS 42
HPLC i@ Hoh 25 & . ke IS 259 5 InAE A 24
Yy 2 ol 99. 23% .98, 28 F1 100. 19% ; F-¥51H
$9(99.24 £0.96) % (n=3) o 45 AU B 1S 04 % 25
HYFEARYL S om JERAREY  TE B 8RR L BE AT A0
BRI M E MWCNTs-COOH i 254 58 &) .
2.4.2  JEBGEIERRE" RSB EH  E
PTX-MWCNTs-COOH 73tk LA Jeid 5 pum f AL UG
Je TS, I AR IS S AR R P I, 00 B i et
0.22 pm FALUERE , B UM | 425 1 o I vk
HEATINAE , SR T AR, A BT D7 R 55 4020 =

0 255 50 755 100 125
1/ min

Bl ZaxtBEER(A),MEBSERB)MENEREERE
W (C) By HPLC 3% [
1 - FR
Fig.1 HPLC Chromatography of blank control solution (A),
reference substance solution (B) and poclitaxel sample solution
(€)
1 - paclitaxel

- 634 -

Chin Pharm J, 2019 April, Vol. 54 No. 8

ZE R 7R, PTX-MWCNTs-COOH & 5491225 & ( drug
loading, DL) 247 (50.09 +0.02)% (n=3),

DL% :g‘l’xm% (1)

A (1) W oW b o B2 i, W,
5 MWCNTs-COOH [ i i i .
2.4.3  FHRMBEEERE G - 50 fAEXT2S H XA MWC-
NTs-COOH fyMEI/ER] ISR ME G - 50 FIZ8KiR
WA AT S mL FH S (a2 5
cm),2 000 1 - min "' JED 2 min [REZ KRS
iAo HUas F X% I MWCNTs-COOH 0. 5 mlL jii fin £
FEHL,1 000 ¢+ min ' ELC T min i H AR,
A2 mL 27K 2 000 r - min~', 2.0 3 min UL
OV, FEANIN 2 mL 847K 2 000 v+ min ™', B0 3
min, B OIEA I, FIZKE 45 % 10 mL, F 251 nm
AN R A RIS 25 O B MWCNTs-COOH . (1) 1 S
SR G — 50 X725 (1% i MWCNTs-COOH
I BRHR 0 , 4525 3 kil B Ak 5 B AERTZS E%)
I MWCNTs-COOH 112 5t B LU AEL 4331 24 99. 09%
98. 66% F1 99.38% ; V-5 {H 7 (99.04 = 0.01)%
(n=3) R RBIEHN G - 50 FUA: XS 25 1 X R
MWCNTs-COOH 3£ A TN [t
2.4.4  HRWEEE G - 50 S X 542 B i) W B4R
RN RS RIS AL I 2 WA A5 RS R A
X MWCNTs-COOH H (24 ¥y 2% Jit £ ¥k & 4 10
mg + mL™") JHX 0.5 mL 3% fin #) #E o, 1000 1o
min =" B0 1 min ffHHE AR P, N2 mL 84K
2000 r - min~', B0 3 min YA B0, FEAMIN 2
mL #84li7K 2 000 r + min ™" , B0 3 min, INEEE LR
HIF A E R E 10 mL, 33 0.22 pum 54 FLIE
I, IS VRO AG I 3 Yk, EAREIS S 25 S b
FERT 9 25 9 i & 2 b 43 51 ok 0.47% (0. 42% FiI
0.53% ; SR (0.47 £0.01) % (n =3) . F2H%
FMHEEIE G — 50 FLA [ BEHF Ui 25 245 W) I B AR A
2.4.5 ARSI E R OK % B I PTX-
MWCNTs-COOH 43 H{ & 0.5 mL {i% Jm 2] A= Hry,
1000 r » min~" SELD 1 min fFHUE AR, 02 mL
Halizk 2 000 r - min~' B0 3 min YA BO W,
MM 2 mL #4lizk 2 000 r - min ™', B0 3 min, Y 4E
BOWRAIE AR E A 2 10 mL, 3 0. 22 pm fif
FLUBNE , IR FE T R B B 20 ) & s M i
BuA b A i PTX-MWCNTs-COOH 4387 0.5 mL,
A E 2 2 10 mL, 3 0. 22 pum FFLYER , HREE
iRl SR RN =R e/ TR 7/ B i g i = R TS

TP E 252778 2019 4F 4 JT155 54 4555 8 0]




451 %, PTX-MWCNTs-COOH &2 & ¥ £, & K
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PTX W (R R JCK - BRI = 10 1) BRSMRE
Eh J12EE T g, LA 250 mL & 1% BILALEE 1Y
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B4 AHazrafEEfoimE
a - 458 ;b - MWCNTs-COOH ;¢ — 25 1 l§ MWCNTs-COOH ; d - ¥ 3£k %
BERRAORAS-SE B B
Fig. 4 Analysis of differential scanning calorimetry
a—-PTX; b - MWCNTs-COOH; ¢ — blank phospholipids MWCNTs-COOH; d —
PTX-MWCNTs-COOH

Bl S R 5 5 (% 100 000)

A - MWCNTs-COOH; B — PTX-MWCNTs-COOH

Fig. 5 Scanning electron micrographs( x 100 000)
A - MWCNTs-COOH; B - PTX-MWCNTs-COOH
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BB AT 1 mL BRI BT R/ INEARFA R B9 10 4> 5Z
AT TR 24 b SRJS 1) BT
AFEFEZEMA 3 mL PTX-MWCNTs-COOH 5§ PTX
AW, B 100 v - min T R HERE, 40T 1,2,4,6,
8,12,24,36,48,60 h 5E M HUH 1 N @EMT4AS, 6]
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ger-Peppas TR REAT LG, 2R LR 1, PTX-MWC-
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3 i i
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TOi R R R 259 5 U S 25 W AT O, 5 — T
T P LR T 3 s 8 A T Dl X i )
PR RERE o AR FX A5 7k 45 & HPLC sz il
€ PTX-MWCNTs-COOH {3 3R 1753k , %77 1M
JEFN IR 75 45 25K . MWCNTs (19352 41 636 £

%1 PTX-MWCNTs-COOH & 4p B A F . n=3

W SCHT 7E 190 ~ 250 nm ; F5z KW IR i 7 F 190 ~ 207
nm 7' ¥ MWCNTs-COOH 7K %5 i 7% 200 ~ 400 nm
BARIEFVEAT 2 AN, AH L MWCNTSs [ RFAE I
I MWCNTs-COOH 7£ 251 nm &b H B 5 AW U, i
FEIRAE IR GIRE Lol A T AL FRILER
TRLRIFE AT, o 75 15 g 0 1) e 0 K A% 31, R A I RS
G AR SEIG e 251 nm A ARG T K I A A
9% B8 MWCNTs-COOH iy [al 0% .

3.2 XFTHRAEPERAZSY) RN TERRE bl S
254 K 20 DU ReIR S AR, 38 2o Jn 25 900 05 25
ISR 7 AT o B BOCR 5%, I PTX & &t
IG5 A IR < 2% ), 3 B R I R 7 ik
B R R AR, TR S pum GLAL DR R
B9 AN F 4 48 MWCNTs-COOH £ B 0.5 ~ 2
pm, 15 um RLFLUERE . 25 SRR, B A A
B3 B AR W BT AE B A b B0 i 2 25 ), AR AN 5 )
PTX-MWCNTs-COOH & & #%k 25 i (1 22 .

3.3 YRR B A SRR 251 56 3 R R 1B A
BT ARSI B SR FIEAHE BT, {H AR A I 2]
IR EER /I, AT REJ& B T PTX-MWCNTs-COOH &
5SRO R BT M, 7 BT 48 N Ah 1Y 25 ) vk
FERE BN, S BUB S . SO 3% BT 125 U2

100 === PTX
90+ ===PTX-MWCNTs-PEG
80
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404
30
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104

Cumulative release/%
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t/h
B 6 PTX-MWCNTs-COOH iy s B i . n=3 x5
Fig. 6 Release curve of PTX-MWCNTs-COOH in vitro. n=3,

xts

Tab.1 The fitting equation of PTX-MWCNTs-COOH release in vitro. n =3

Sample Model Equation r
PTX solution Zero-order Q =0.012 7¢ +0. 050 4 0.938 9
First-order Ln(1-Q) = -0.000 1z +4. 604 7 0.939 0
Higuchi Q=0.116 1112 -0. 144 5 0.9713
Ritger-Peppas LnQ =1.157 9Lnt -4. 640 9 0.976 4
PTX-MWCNTs-COOH Zero-order Q =0.018:+0.089 8 0.954 8
First-order Ln(1-Q) = -0.000 2t +4. 604 3 0.9550
Higuchi 0 =0.163 72 -0.183 2 0.982 6
Ritger-Peppas LnQ =0.597Lnt +2. 678 8 0.961 5
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PTX-MWCNTs-COOH ¥ & B #2 Jin A K 2 B il Joit
w25 RO 52 ) S I s 1, 15032 B Rk ok
B SR SN KR =2 18] B LS R A BT LA
AEd iy e 8 M % £% PTX-MWCNTs-COOH ) {4 4
BEZGAT h o AR SLEE h PTX-MWCNTs-COOH ¢ 24 il
RIAF A Higuchi J7 R, 945 B LB 2547 0 vl BB
S TR OK A 2 181 T U B i) PTX SRV i SR 5 4
BB RN KA S 2 il B JBC A I, 33 Aok R A i 750 P
TR RE A T P S W E AT, U6 B PTX-MWCNTs-
COOH A L BAE M o 1 PTX 5 I ARAT AL R Tl 8,
HARSMRE R 42T Ritger-Peppas J5 F2, W] AEJ2 I 4y
Ve R AE BE IR 5 T /K S RE PTX 422 i A Bl
G AFTEE R Ao B, PTX 29 St i i LAy
B 2 ARE SIS B M A4S oh, AT 2 30 2459
R 2% , TR Bs) PTX () BE 24547 0 32 9 BIGH 11
il

3.4 TRYDRAE PR AL B 1 L R A, BRI 2F
BN IERE J1 55 Rr s, ATV v A5CR 1 25 1 A
LA PARR A e R 25 4 2 T DA K ik g K - 2
VA5 W A DI AT B ), £ 8 25 W A AR R B
ELAE Ry 25 W 28 A (1 B 9 DK A0 M e A A 2
I, T B TR A R G BF58 AR H AR i
i
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