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Abstract: Gambogic acid (GA), the main active ingredient in gamboge, has been reported to have good
anti-tumor activity with excellent selectivity. However, its clinical application is limited by the poor water
solubility. GA nanosuspensions were designed in this study in order to solve this problem. GA nanosuspensions
were prepared by microprecipitation method based on pH adjustment. Suitable stabilizer was screened
according to the size and polydispersity index (PDI) of the resultant nanosuspensions. Dynamic light scattering
method was used to measure the particle size and transmission electron microscopy was used to observe the
morphology. The stability was studied in different medium. The drug release was evaluated using a dialysis
method. MTT assay was used to assess their cytotoxicity in vitro against cancer cell line.  Anti-tumor effect
in vivo was investigated on H22-bearing mice. In result, Poloxamer (P188) was found to be a good stabilizer.
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The resultant GA nanosuspensions (GA-NSps) were 135.9+5.1 nm in diameter, with PDI value being 0.26+0.01
and the zeta potential being —35.1+1.36) mV. GA-NSps were nearly spherical. They were quite stable in
various physiological media. GA-NSps exhibited a sustained drug release pattern, with the cumulative release
reaching 90.26% within 312 h. In MTT assay, GA-NSps had a stronger cytotoxicity against HepG2 cells than
the free drug (ICso, 0.8518 pg-mL " vs 2.104 pg-mL ™!, P<0.05). The pharmacodynamics study suggest that the
antitumor effect of GA-NSps was dose-dependent. The anti-tumor effect at the high dose is better than that of
paclitaxel (72.35% vs 66.80%, P<0.01). In summary, we prepared GA-NSps with high drug loading capacity,
small particle size and good stability, and provided a solid basis for the effective dosage form of gambogic acid.
K ey words: gambogic acid; nanosuspension; hepatocel lular carcinoma; antitumor
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Figurel The structure of gambogic acid (GA)
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I E Aor e AL B U THI AR (A) fEL, JFBL A J9BLALRR,
JRECRE (C, pg-mL™) AR A8 by 2 il A HE i 28
THEI R E.

BREBRMKEETSIZERMFIE B RRE
LI, HREAFRER BEE, AR, NRE
X E RN KIR B 575 (GA-NSps) il % HIFZ M . FREL

— SR MBS T 0.1 mol-L ™ NaOH (1.0 mL) H;

Sy SRR EL— % BB [ ke E AR T 0.1 mol Lt
HCl (LomL) w1, F 25°C.— & &1 T 218w n
F| Fi& NaOH . MK AIFRE 74 SDS. P188.
MPEG 000-PCL 000 A1 BSA; %4 GA : P188 Jii &t
AN 1:3.01:1.3:1.5:1. 7:1F19:1; #EH
Ih&5r HI¥E N 50, 100, 250 il 500 W, H A Ezf
TIN5 310 h 58 4= R R ) 60%. 70%. 80%. 90% A1l
100%.

R AAOR BT ARINEMN

Fife AL, 20 EiEEE % 1 Zetasizer Nano
ZS T AN E 9K IR BRI L o A AN 3
T HLA o

FEFEBIEEELE K GA-NSps ik I i 5%
FRIG R BN 100 pg-mL Y, HX 6.0 pL % #) 300 H
B E, §E 5min, JEART, EiRBCE 10 min, %
I 6.0 pL i R Al T8 9 EJu 8 5 min, 5 JE4RIR T,
FWBCE R, ES R T Ry 120 kV R
FYPRBEBFNIES . KRS AAEDL

WAREMHEE  HL GA-NSps 100 pL, fZHE
900 pL fE4K, HPLC & 25k fE, 1HE 2454 5k
&, WYPKRER 3 mL TR E, RUNYEKIEE
FE R B (me)o AT 5256 36y, IIRARTHHAE
(DL) : DL =mga/ My x 100%. H, mea WK E
I GA [ &

A E A 0 B R AR R E M B 5 RS B R
GA-NSps 1 mL, Z3Jli N2 4 1) 2<xPBS (TR
R, pH 7.4). 1.8% NaCl. 10% % &) B A 4,
A ANT B, NThd, 37 ClsE, R
7 B i) R 00 7 A A2 A8 A o

AR E S WM ERE N 1 mg-mL™

) GA-NSps1mL, & Ti&EHEH, 75 37°C, T 50mL
% 0.2% Tween 80 Fl 5% Z % 1) PBS B i /1 Jii HH 3k AT
FEHT. S AEANRIT ] 2% 1 mL BRI, TR
BRUBE . S GA WIFIR B (K GA WK B %
S ERTESK B ) K GA HREE TR, CARIFE
T3 157 AR AR

AN EEVE SRS PRAMNEE IR HepG2 4 il %2 %
O, H 10% 6 4F 35 1) DMEM 5 37 0K 24 il ic
JRAH A 1x10°mL (¥ B4 2, BEFRE] 96 FLIR
5% CO,.37 CHMius4 55 24 h J5, W L5950, ¥ GA-
NSps. GA ] DM SO ¥ [ £ 7€ 7] P188 437l F A
Jif 2 L3 85 R B M R AN R, (RIS ATE 254
NG Ra A s P IR R E T ax . W H 24 h )G,
W22 BE S, LN MTT 3% (5 mg-mL™*, PBS
Feil) 20 uL; 4R4E0EE 4h 5, WL E IR BiEW,
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Figure 2 The influence of different stabilizer systems on the
particle size and polydispersity index (PDI) of gambogic acid
nanosuspensions (GA-NSps). n=3, X+s. MPEG2000-PCL 2000:
Polyethylene glycol-polycaprolactone zo00; SDS: Dodecyl sulfate,
sodium salt; P188: Poloxamer 188; BSA: Bovine serum abumin;
PVP: Polyvinylpyrrolidone
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Figure 3 Effect of different drug loading ratio on particle size
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Figure 4 The impact of ultrasonic intensity on GA-NSps. n=
3, X=s
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Fg . MR 1A%, 1A &AL R H & 1) 80%~90%
i, il % ) GA-NSps K255/, H AL R . — M h

RRT 20 mV KIS IR X AR E, XA AR &
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Table 1 The influence to zeta of different proportion of
acid/alkali of GA-NSps
Acid/% Zetal% Size/nm PDI pH

60 -35.7+4.70 1007 £5.78 0.941+3.12 8.1

80 —44.5+2.23 185.9+ 4.16 0.286 + 2.12 7.0

85 -35.1+1.36 1390+510  0.260+0.01 7.2

90 —-10.7+3.23 154.2 + 3.46 0.246 + 2.45 6.5

100 —-3.88+ 4.50 166.6 + 4.18 0.142 + 3.19 5.6

6 ETRIPF

GA-NSps 1 mL %5 HHEMAZEFK 1 mL,
FEEIEEAEER P EERER. RHL 05%
PV P T OR4 71 B R i e 8 75 SV S RAR AR A A G
BN, WK 20 MWDk 0.5% PVP /£ GA-NSps
ORI

Table2 Variousfreeze-drying protective screening of GA-NSps

Lyoprotetant Content/%  Size of redissove/nm PDI

p188 15 343.7+4.8 0.20+ 0.03
10 302.1+6.3 0.20+ 0.03

PVP 1.0 354.2+5.2 0.23+0.03

05 2149+7.1 0.20+ 0.01

Mannitol 1.0 453.6 + 3.7 1.0+ 0.03
05 586.1+ 5.6 1.0+ 0.04

Trehalose 10 1318+3.2 0.59 + 0.22
05 4853+ 1.8 0.54 + 0.09

FR B8 DL b Ak 7 0 e B 2 ¥ GA-NSps 1 1] %
Wb REHAREC GA 7 mg PRI EM T 1.0 mL NaOH
(0.1 mol-L™%) v, ¥&%FREL P188 1 mg BRI T
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1.0 mL HCl (0.1 mol-L™Y) v, HAE%MF (25°C. 250
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Yrkife Ny 139.0+5.1 nm, PDI 2}y 0.26+ 0.01, zeta N
—35.1+1.36 mV, FiffsAi WL 5.
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Figure5 Particlesize and distribution of GA-NSps
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Figure6 Transmission electron microscope images of GA-NSps
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Figure 7 The stability of GA-NSps in different dispersed
medium. n=3, X+s. PBS: Phosphate buffered saline;, Glu:
5% Glucose
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Figure 8 Cumulative GA release from GA-NSps at 37 'C with
in350h. n=3, X+s
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Figure 9 Proliferation inhibition of GA-NSps against HepG2
cells after 24 h of incubation. n=3, x+s. 'P<0.05 "P<
0.01 vs GA solution; *P<0.01 vs P188 solution

- = — ‘_—_-==—'-; -;
T jpt—t—t +|
5k & 5 SR + 4
=0
= 20
=h —=— NaCl solution
2 15F —e— (GA-NSps Smg-kg' ip
= F = PTX Emgkg' v
104 ~ GA-NSps 7.5 mg-kg' ig
I +— GA-NSps 13 mg-kg' ig
3 +— GA-NSps 30 mg kg’ ig
0 L L L L L L
0 2 4 L] 5 10
Time / day

Figure 10 The change of relative body weight of H22 tumor-
bearing mice with time. n=10, X+s. 'P<0.05 vs NaCl
solution group; *P<0.05 vs PTX group. PTX: Paclitaxel
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Figure 11 The change of tumor volume of H22 tumor-bearing

mice with time. n=10, X+s. ~ P<0.001 vs NaCl solution
group; #P<0.01 vs PTX group

FRAE MBI 259 B B T KT . IR GA-
NSps fm~ H AR E AR % 70 7y 72.35%. 56.34%
M 46.48%, FLA R M EKMYE. M 5 mg-kg™
GA-NSps i Jf 356 I #1198 % 08 75.41%, 57 & (30
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25 25 0 A R FE AN Ty, AR I R 2R 2 T i ik
251 146, BN 17% 4 A .
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NSps I AR N ERFE L 73 A 5], Kifely 135.9+5.1 nm,
FasE Mk BT, #258Emik (83.73+1.03) %. 7 LAMERY
SEEE I, A AR BN R E A,
i, RN ERIT (8.51+0.95) %2, i A
WRRUTIE B T A NUE R B, Wik 7 S ie 8 3R
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LA — 5 (38 B P

H T 482 WV S0 v AR B A 2T, A s
56 R I EAZ B SR N BH T 2 25 3005 S iR 4 R R
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TEST, HAZ /N BRAR RS &, 3RO T RR R A
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