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Preparation, in vitro characterization and pharmacokinetics of
paclitaxel thermosensitive gel
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(1. School of Pharmacy, Bengbu Medical College, Bengbu 233030, China; 2. Institute of Pharmacology and
Toxicology, Academy of Military Medical Sciences, Academy of Military Sciences, Beijing 100850, China)

Abstract: Local drug delivery is a new strategy to prevent postoperative recurrence of cancer, thermosensitive
gel is a typical topical drug delivery system. In this study, a novel paclitaxel thermosensitive gel (PTG) was
prepared to prevent recurrence after chemotherapy for cancer, the effects of drug particle size on release and
absorption rate in vivo were investigated. Paclitaxel suspensions with different particle sizes were prepared by
medium grinding, high pressure homogenization, air crushing and screening. Using poloxamer as the gel matrix
and carbomer as the biological adhesive, Box-Behnen was used to optimize the formulation of PTG. The
morphology, viscosity, rheological properties and biological adhesion of thermosensitive gel were characterized.
The relationship between dissolution and release of thermosensitive gel was investigated by weight loss method,
pharmacokinetics was studied in rats. The paclitaxel suspensions with the particle sizes of 350 nm, 800 nm, 3 um
and 9 um were prepared, 19% poloxamer 407, 4% poloxamer 188 and 0.1% carbomer were used to prepare PTG.
The phase transition temperature of thermosensitive gel was 30 to 35 °C, there was a good linear relationship
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between in vitro release and gel dissolution. In the pharmacokinetic study, area under the curve (AUC,,) increased
with the decrease of particle size. In general, the PTG prepared in this study can rapidly change into gel under
human body temperature, provided with good adhesion. The release rate in vitro is closely related to the particle
size, the release rate increased with the decrease of particle size. This study provides data support for preventing
postoperative recurrence of cancer. The animal welfare and experimental process in this paper follow the
regulations of the Animal Ethics Committee of the Academy of Military Medical Sciences.
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Table 1 Contact angle and surface tension of different stabilizers.
HPMC: Hydroxypropyl methyl cellulose; HPC SL: Hydroxypropyl
cellulose; PVP k 30: Polyvinyl pyrrolidone k 30; CMC-Na: Car-

boxymethylcellulose sodium; TW-80: Tween-80; TW-20: Tween-
20; SDS: Sodium dodecyl sulfate; DOSS: Docusate sodium

Stabilizer Contact/® Surface tension/mN-m™
HPMC 116.8 40.05 £ 1.45
HPC SL 68.35 53.27 £ 6.57
PVP k 30 123.05 40.67 +1.25
CMC-Na 109.65 77.76 £ 5.06
TW-80 70 4530 £1.35
TW-20 51.65 41.89 +1.47
SDS 72 33.38 £ 1.27
DOSS 107.85 43.25 £ 0.40

2 TREFBIGHIE

¥ 5 2% 1) AR 8 28 B0 1%, LA A E )& BN
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Figure 1  Transmission electron microscope (TEM) images of

paclitaxel nanocrystals. The results of paclitaxel of 350 nm (A),
800 nm (B), 3 um (C), and 9 um (D) were shown. Scale bar: 500
nm (A), 1 um (B), 2 um (C, D)

AN]SR A2 % IR B (350 nm.800 nm<3 um.9 pm)
AT BIRLAE KN \PDIFT ALAE 412 2 BT o
4 Box-Behnen Design iR AL 75

il i Box-Behnen Design #tit = K & = /K ik 4
K3 X, (% Vb 4 407) 43 00 A 17%19%. 21%,; Rl 5%
X, (A& VD Ul 188) 43 Jill N 1% 3% 5%; (Kl 3 X, (R
) 435314 0.1%+0.2%-0.3%.

Table 2 Data on particle size, polydisperse index (PDI) and potential of paclitaxel suspension with different particle sizes

Group D Do) Doy Size-Ave/nm PDI Surface charge/mV
350 nm 213.67 388.33 694.00 351.06 + 0.45 0.16 £0.01 —29.23+0.75
800 nm 498.00 841.33 1476.67 798.83 £ 17.52 0.15+0.06 -27.5+0.60
3um 0.63 3.05 2331 3.1+0.03 7.43 (span)
9 um 2.36 9.31 33.49 9.3+0.12 3.34 (span)
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X Fi] Design-Expert 8.06 % {4 X [ 4% & 5 2% Wi v
IR RAT Z e e B ARG, 13 2 o4 MR ATy
F£Y =85.97 - 2.94 X, + 1.03 X, - 0.75 X,, £ ju £k [al
IAPLA BB AT 77 2 0 b W3R 3.4, HEAYHE, P < 0.05
FaREAGFEE R X, R B, BRI
(lack of fit) P > 0.05 RIGAUTHA R 25 . F &S B4
24 [P I 18] J B 2 =500 N IR A7 25 A, TR e e Bt UL
JE £ 33~35 °C, Ji kI 8] 7E 60~90 s, 15 H i AL AL J7
T X, (J0 & 70 1 407): 19%, X, (F1#% 10 1 188): 4%,
X, (RUEA): 0.1%.

Table 3 Design and results of Box-Behnen Design

Poloxamer Poloxamer Gelation Lo
Carbomer Gelation time
407 (factor 188 (factor temperature
(factor X,)/% (response 2)/s
X )% X,)% (response 1)/°C
17 5 0.2 44.4 96
17 3 0.3 39.2 113
17 3 0.1 38.1 104
17 1 0.2 37.4 40
19 1 0.3 30.9 67
19 3 0.2 338 66
19 3 0.2 315 62
19 3 0.2 31.2 61
19 3 0.2 321 63
19 5 0.3 32.8 117
19 3 0.2 314 62
19 5 0.1 36 67
19 1 0.1 31 42
21 3 0.3 30 43
21 3 0.1 27.8 35
21 5 0.2 28.1 42
21 1 0.2 26.1 39

Table 4 Analysis of variance and response surface regression
model. P < 0.01, ™"P < 0.001 (statistically significant values at a
95% confidence level)

Sum of Degree of Mean

Source F-value P-value
square  freedom  square
Model 309.79 3 103.26  32.99 <0.0001™"
Factor X, 276.12 1 276.12 8821 <0.0001™
Factor X, 33.62 1 33.62 10.74 0.006™
Factor X, 0.045 1 0.045 0.014 0.906 4
Residual 40.69 13 3.13
Lack of fit 36.19 9 4.02 3.57 0.116 1
Pure error 4.5 4 1.12
Cor total 350.48 6
5 KHERSBUERIHIRE
51 FIHEBEMNERIRI KI5 KN SEM ML %2

B H (1 2), B N A KB =4k 2 fL IR E5H,
285 RO 2 ) AE AR N R I A N Ik 3R I T 45 R
B Al

52 BE-FETH NUAKARK KL IR EHUE
JE¥I4E 30~35 °C i [ P & AR K 2032, Wi e A A

1000um

Figure 2 TEM of paclitaxel thermosensitive gel (PTG). The
results of PTG of 350 nm (A), 800 nm (B), 3 um (C), and 9 um
(D) were shown. Scale bar: 100 um (A, C), 10 um (B, D)
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Figure 3 Rheological properties of PTG with different particle
sizes. The results of PTG of 350 nm (A), 800 nm (B), 3 um (C),
and 9 um (D) were shown
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800 Nnm+3 um- 9 um 58 A2 B 5 0 I 1) 2 B 7740 0 R
(456.34 + 3.38). (476.5 + 7.08). (647.04 + 2.09).(763.2
+ 0.46) gf-sec, &t X 5 £ 4 7l v (124.23 + 10.15),
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B2 38K
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350 nm 2H.#£ 30 min 7] 1%k 1] 88.86%, 800 nm £ 7E 60 min
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— 350 nm PS
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Figure 4 Cumulative release of paclitaxel suspension (PS) with
different particle sizes (n =3, X £ 5)
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Table 5 Pharmacokinetic parameters of PTG injected into the back of rats. n = 6, X +s. "P < 0.05,

.
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=100 2
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Figure 5 Cumulative release rate (A) and dissolution rate (B) of
PTG with different particle sizes. n=3,X+s

Hb G P T AR 2 L AL AR, P 1 BLZR [ VA 7 R R
FruE 2k y = 0.000 2x - 0.002 (R* = 0.998 2). 45 H %
WA I 3% 7F 10~1 500 ng-mL™" 7 R EF R 1 55 R, ML R
#R* KT 0.99,
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Figure 6 Concentration-time curve of PTG injected into the back
of rats (n = 6, X + s). PTX: Paclitaxel

wig
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ok

P <0.001vs 9 um PTG

Parameter 350 nm PTG 800 nm PTG 3um PTG 9um PTG
T./h 34.00 £4.90™ 96.00 132.00 + 20.08" 164.00 + 23.60
Cp/ig-mL* 317.25+38.64™" 209.21 + 22,50 127.10 + 28.28™" 78.72+£4.14
AUC, /ug-h-mL™* 27 369.01 +2 032.39™" 23388.52 + 243444 15 591.31 + 2 920.50 13212.58 + 1 257.20
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