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Preparation and in vitro release of tripterygium glycosides-loaded nanoparticles
modified with chitosan
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Abstract: Objective To prepare tripterygium glycosides-loaded nanoparticles modified with 50% N-acetylated low molecular weight
chitosan (LMWC) and to investigate their in vifro release behavior. Methods The nanoparticles were prepared by modified
self-emulsifying solvent diffusion method (M-SESD) based on the formulation of TG-NPs, which was optimized by orthogonal design,
and the modified condition of LMWC, based on the single factor anlysis. The optimized LMWC-TG-NPs systems were characterized
by particle size, entrapment efficiency, drug loading and in vitro release. Results The optimized formulation of TG-NPs consists of
1.0% Poloxamer 188, 80 mg PLA, 12 mL oil phase, in which the ratio between acetone and ethanol is determined as 2 : 3. The
LMWC-TG-NPs are prepared by incubating TG-NPs suspensions with 10% LMWC solution at the ratio of 1 1. The shape of the
prepared tripterygium glycosides-loaded nanoparticles was spherical. The mean particle size, polydispersity index, entrapment
efficiency and drug loading were (207.6 + 3.4) nm, 0.078 + 0.009, (61.83 + 2.43)% and (10.70 £ 0.37)% (n=3), respectively. The in
vitro release characteristics of LMWC-TG-NPs conform to Higuchi equation in PBS buffer composed of 20% ethanol at pH 7.4.
Conclusion The prepared nanoparticles showed a sustained-release characteristics with well-distributed particle size as well as high
entrapment efficiency and drug loading.

Key words: tripterygium glycosides; chitosan-modified; nanoparticles; orthogonal design; in vitro release; self-emulsifying solvent
diffusion method
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HiFAIH S T LMWC 2161 TG 49°KR.(LMWC-TG-
NPs); i (F AT A B IR R g0 e v ik oy T2
HHAT TR, FEXF BT % LMWC-TG-NPs &5
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(R0 85 5 Hehi o
1 XES5HH

HI—6B % 3kt Sy i FEpl LR G tn i 4
SR AS) )s RES2CS Jieft 75k #y (Lo
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AT R SOR I E A (e B JRSCA D
Optima HEGH EOHL (3E[E Beckman 2 7]);
Agilent1200 /=50 AH LR (SE[E Agilent 2] s
CP225D i1 RF (b FEZ R REA A
F]); JEM—I200EX &5 M1 B CHR Jeol 24
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RS WA AT BT (Liar SR R R R
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TG (iR EPRHCE R AR, & AN
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ARRAFD; 50% Mt £ Bk 5 AR AR X 43 7 o et 55 SR Wl
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HPRAT]); Poloxamer 188 (IS5 WPWAS44C, f&
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Burdick& Jackson A ] );  JABIR L) Ky 43 Hr 4l
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2.1 LMWC-TG-NPs By#%&

2.1.1 FHABEZIFKR. (TG-NPs) [Hl4% Bl
J5 TG RIPLAY 118 > LA ¥ T4 i - Z BV A5 %
Fd, MEA VLI 53 EAE T fPoloxamer 188
TIG KT, MoK e (500 r/min)
BEFE N HUAHZES M I /KA, ke, gkelni
F£10 min, 40 CHUEZEZAPER, H3HGI%RE
EFLIEIITG-NPs TR B -

2.1.2  LMWC-TG-NPs [Jfil#  H{-—& & LMWC,
T 0.5%BE IR KT, 119 10% LMWC .
I 5 TG-NPs JR &R SFAFUN 10% LMWC
FREERHE RN % TG-NPs VBB, 7800+,
37 CH¥H 1h, 3 LMWC-TG-NPs Ji&¥. H40k
LR B VRV VR 250 (30 000 r/min) 30 min, YT
TE R ZEMROK TS 3 Ik, K O T 5153 LMWC-
TG-NPs 1% T-¥5

22 TG HEAEERANE"

2201 ikt (iBHh Agilent Extend-Cig 11
(250 mm X 4.6 mm, 5 pm); FSIHIA LME-/K (85
15); MABURE 1.0 mL/min; #9625 C; KK
210 nm; HEAEE 20 pL.

222 ZMERRFE ORI T2 H E i
T AN G E, S mL &iEE, A
H R R AR R 2B, A9k 2l 0.32 mg/mL
FR) R 2 TR T FEOK R i B TR0 23 RS 5 B Ao 4 T
I, I shAIFRE A 0.32. 1,604 3.20. 6.40 12.80.
25.60 pg/mL [P RFIR I, 1% “2.2.17 TUR &
WA, DA ARBME (V) SR (X0
WATERERIA, 2RI 7RE Y=7.339 4 X+4.764 6,
r=0.999 8, KT AMENEHAE 0.32~25.60 pg/mL
LR RAFIZ M X R

223 AT TG 40847 30 mg,
FE#PRE, & 10 mL iR, M-S, JF
MRERZIRE, 25, K% 1 mL, % CAaer i
FIE 7Ky 3% AL R AE (100~200 H, 5.0 g,
WAE 1 em, WiEEAE, ALE=R & emse b,
FHTAE 10 mL BEfBd, WOERBENR, 251, SRt
WEwsff, #BAE 1 mL =T, NPEERZE, %
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SR HEAS IR BT A TG-NPg (4 )y #EA T4,
MG RRELLR LR, e e BB Em &
4, BEM#f 2 LMWC-TG-NPs (5t 4t 7 T2,
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AR (O WS SEEFARILE (D) hE 5
#, BAPREIER 3 ANKE (REARFELE D,
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By vis vas v3 20 3% 40%. 30%- 30%I01 R EF)
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R (C) >WHli 5 IR RIE (D) >PLA H
& (B), #HHEREKTN ABICiDy. HITED
Mresik (G 20 wign, M FH#E B, B#E AL C
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K2 D X HmA 2 . Wi ge &b, ARk
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mL, Wi ZEERARFALE A 2 1 3,
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F1 L3 EXREEHARMER =3)
Table 1 Projects and results of L9(34) orthogonal design (n=3)

W Al % B/mg C/mL D »y1/nm y2! % v3l % v
1 0.5 (1) 80 (1) 12 (1) 1:1(D) 184.7 74.07 12.16 52.86
2 0.5 (1) 100 (2) 15(2) 2:3(2) 164.1 78.53 9.14 52.93
3 0.5 (1) 120 (3) 18 (3) 3:2(3) 134.7 56.93 5.94 44.58
4 1.0 (2) 80 (1) 15(2) 3:2(3) 158.6 66.89 13.48 58.43
5 1.0 (2) 100 (2) 18 (3) 1:1(D) 128.0 59.54 7.12 49.41
6 1.0 (2) 120 (3) 12 (1) 2:3() 156.1 60.00 14.85 59.12
7 1.5(3) 80 (1) 18 (3) 2:3(2) 149.0 52.52 7.64 43.22
8 1.5(3) 100 (2) 12 (1) 3:2(3) 165.3 67.86 9.42 49.15
9 1.5(3) 120 (3) 15 (2) 1:1(D) 124.5 52.74 7.29 47.91
K 150.37 154.51 161.13 150.18
K, 166.96 151.49 159.27 155.27
K5 140.28 151.61 137.21 152.16
R 26.68 3.02 23.92 5.09
K2 HESK SERCPE NS TG-NPs 1B, 7e0idt, 37
Table 2 Analysis of variance CHFE 1 h, 3 LMWC-TG-NPs VR EW . 40Kk
WERWE BZEEM HBE O F{E BN TR RV B L (30 000 r/min) 30 min, YIIE
A 120.984 2 62.075 P<0.05 FH 7KL 3 IR, &K MIHETES LMWC-
C 118.030 2 60.559  P<<0.05 TG-NPs % T-¥; o
D 4.389 2 2.252 2.6 LMWC-TG-NPs SM DS fiERES
B (iX %) 1.949 2 W /DB LMWC-TG-NPs 58 A Vi 5 W0 42 4

Foos(2,2)=19.00 Fy01(2,2)=99.00

#3 EREEAXIHKRRENE (n=3)
Table 3 The influence of chitosan modified methods
on the nanopaticles (n=3)
Bt KA /m Zeta WAL / BEF / BHE /
mV % %
KBHiITE 1274117 -22.6+029  63.08 10.60
b
FREM 183.941.2  9.65+0.34  66.20 9.90
JEst 2045419  9.90+0.87  60.81 10.25

KBTI e S BHE 1 4 A, DL 10% 58 260 4 181
7, #iE LWMC-TG-NPs [(fcf4bJ7 T2, Bl #K
HY 10.0 mg TG A1 80 mg PLA ¥ T 12 mL JE-& 71
(B 2R Ry 2 0 3) o, MECE LM L
1.0% Poloxamer 188 JJj7KAH (30 mL); 7E— & ik
(500 r/min) $iFE T KA HIARZZ 25 N2 KAH, 3%
B, gkeHidE 10 min, 40 CylHs 28 A NI,
BRI R OFOEH TG-NPs JRER .. W5 Lik
TR R ZEART 10% LMWC-0.5%BE B /K, 7

W E, #E 10 min 5 HIEACR T, PN 2.0%
WS TR I T A 6% 3 min, HAR¥ET, HIE
WL BTSRRI A, LB 1. daES R
BRI A, LMWC-TG-NPs [ e 25E K, K
INJ AT, R Z TR WK R SR BRI

U LMWC-TG-NPs Vi & ] 18 5 28 18 7KW R
Jii » SR PO CRIAR I i G 5 P 3 RiAR S RE A2 23 AT
5ROy MR 4 FE 2.

1 LMWC-TG-NPs &5t iER A
Fig. 1 TEM photograph of LMWC-TG-NPs



2.7 RIS

$:42.5.37 5 F LMWC-TG-NPs fxfEAb 5 T2,
#1457 3 It LMWC- TG-NPs JR&E, 4 5 I
Wife. 20 HFE%EL (polydispersity index, PDI). fi
BRI, 450500 (207.6+3.4) nm. 0.078
+0.009. (61.83£2.43) %. (10.70%0.37) %, L
* 4,

F4 WIEREER
Table 4 Results of authenticate test

ek KifE /nm  PDI fudtE /% @R /%
1 208.3 0.077 61.32 10.75
2 203.9 0.069 64.47 11.04
3 210.6 0.088 59.69 10.31
20 50 100 200 500 1 000
Hif% /nm

2 LMWC-TG-NPs BIKi#2 5
Fig. 2 Particle size distribution of LMWC-TG-NPs

29 KINBHHR

S AKE BRI TG Ji 2k K. LMWC-TG-NPs
THHER, 2HT 2 mL 7 20%ZEE K] pH 7.4 PBS
o, B ANTISE AL B B AT A T, % 5 BT 50 mL
& 20%Z K pH 7.4 PBS 1, T (3740.5) CHHE
KBRS (75 t/min), EREFE 1 mL, Ff 7 BIgh
I [FERE BN 0, FESL T 0.22 pm AL 38
iof, EXEREWAL “2.2.17 TR AR, T
BRRARE (), LHRA gk, 2HENKE 3.

0= X piFvX 'Z‘ipn )/ w

n=1

po oAt I TR SRR RN P 2 ) R S (pg/mLD, v
AEFIFEAARL (mL), vy KRR B AR (mLD), w
RGBT R (ug), p, J&5BOFEI R] s (259 s ik
& (pg/mL)

H &l 3 vl %1, TG IR 2R BU bR TR P
1.5 h 2255 60.0%, £ 6 h N2 c A
Bolse 4, BRBZHRIE 96.1%; HR2y ek i
P B 15 N 1.14 he LMWC-TG-NPs 7E 6 h I}
SRR %N 57.8%, 24 h I BRURZE K 68.0%,

100 -

—— TG

RBBIRE %

—a— LMWC-TP-NPs

t/'h

3 LMWC-TG-NPs {fR5MEALE (n=3)
Fig. 3 In vitro release profiles of TG and LMWC-TG-NPs
(n=3)

tos H 4430, R HUTE BRI IE. 4 B K
B IR — R E) )y E R Higuchi B8
LMWC-TG-NPs /RSN 24T A AT TG, 451 E
) LMWC-TG-NPs {£ pH 7.4 PBS (& 20%Z.1%)
(R 2547 M 454 Higuchi 7FE: 0=0.195 1 (*—
0.0392, r=0.8247.
3 itig

ARSI T 2% (R A0 AKORE 5 R 3R 1 B LA 711
P 102 (M-SESD) il £ . ARl M-SESD ¥2: il % NPs
I RALE], AP 789 B RS AR KA B
FULBNFLIG, A BRIE R/ NY S R
(1) NPs. SER5 LRI, A5 IR 3 h A MU FRAN
Poloxamer 188 F & X 44 KL JE It FE 5 (2.5« AR
S [ E K AR, R IRBEE A HIAHARFIMN 5 mL 3
A 15 mL CRPA LA/ ZKARIARAF L 12 6 38
JNA 1 :2), NPs [FPRA2R PDI & #if/, fudx
WA T s AHREE A HUARAFRIE— 201K 20~
25 mL (AARRIELHE S 2 0 3~5 1 6), NPs Kifefl
PDI J ifij i [y 386K, - (7] i dsf 26 S 25 RIS . L L A
AT A b Bl A AT HUAH AR 8 O, A A3 2R b )
(PLA) [ EEI/N, A HUAH IR BE A, LA
) AR s, AN FLRIPER T, 20
S NFLIE, TR T AR AR A A R
FLI A AR ML 2980, TE R NPs RiA2 ik HAH
XRE o FHAEBEAE AHUAHARREE— 2238 I, 2 {f
AN Z 7800 s KA, FLM R AEREE, 16
Ji§ NPs [FPRL42F1 PDI 36K [ MU AR K,
A MU RE B 35 FRAR, R 2595 19 B BE
JI/AN, BEN T I ACHY B A, Ao
K.



ASZEH R FH I FLAL ) Poloxamer 188 3 H. ¥
PRAREE RE D) BE, 75— € FHEEHE P (0.25%~
1.0%), BB, (EkRMR K ))&
B, AR TAVARERA T 080 BAaEAPUH
KA GRS KRB, ] BEL EkE - 1)
ISR, Hatik R AR Mk, 4 NPs Bt/ (H
FALHERK, WA TR, e R
THEVEF A 58 4 B AT BRI SR 1 5K 0 e ME, NPs
SR T 3R4E, Bl NPs bif2i K.

A S5 SR FH L B W BRI 4% T ST SR B 1 11
TG-NPs, H%2 T FeT0E o0 B0 9oKkL Zeta
R, 25 R8I, BHAG 70 S0 o o 2 3G K
(0~10%), 49KHL Zeta HIL7 W] LI K, (HBEE T
TR R BB (10%~40%), Zeta HIATL
JUFARAAL, W] 58 FEMEAE MK 2 T KB M
IR, PRIA SE I £ 10% 58 505 A B 77 .
LIRS T SR RIS TG-NPs TR B AR IR
Eb, BB ARREL A 10 1 IR RIS T TR E 4
Kbz, KT 101 PRI IR, PRI AR S5 ik % —
HIARIEE 1 1,

il #% LMWC-TG-NPs [l B s i L2 7 K h 5
TG-NPs ik i /e &5 G 0 72, fe e se 28 n
AR AR (17 205 B 21 gl b s 54
B TG-NPs AHLL, SERBHEMR AR bR 1%
WK, WA (TG-NPs “F-¥Jkite & PDI
A (1339 +3.6) nm Fl 0.064 £ 0.006,
LMWC-TG-NPs “F-¥J¥i1% Jz PDI 43514 (207.6+
3.4) nm A1 0.078+0.009), Zeta HLA7 H 7B H: N 1F
B CHUA IR AR TRUE S T 58 SR IR A0 S A 4 KORE
D, ML E A LR . Se SRS Al
PRGN R AR 3 K 1D Jir PR 2 0 57 SREWH 3R T A& T 1
T AR R, AT LB 5 5 e A SR AR I 2%
7, SRS 5 K RLIG Zeta VAL IR 678 2 o
T TG-NPs Kl g, seRBrIEmmr, K&
VRIS e T PR B PE S 5 RO mT DL S W B 7
YRR T TS

SCRRIRIE TG 7E/K . EHEER /K ) PBS (pH 6.4,
7.4) FIEIREEYIBAG, (HESHA Ao iis
WE(K) pH 7.4 PBS it et M b s & 1k
W, ARSI S A R 5L 20% LRE pH
7.4 PBS KRN BdEAT T LMWC-TG-NPs [#]{44h
BT, 45 REW], TG JR25 6 h I CIEAR S
A, BTN TG JLEW s LMWC-TG-NPs H' TG

BRI B R RRAE . X AT RE S (T AR R
PLA [ MR et , (Rl ZE R IO FE P NPs P 3
SR I AR BB ML RN B N\ 32 L T 8025
FIRENS . LMWC-TG-NPs [IZERASE T e o 53
R YRR BB AT ™, St A Sz 6 i s 4% R 2 K
(1) B L 1) M AN BRI A TS BIR AT
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