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Preparation and in vitro release of tripterygium glycosides-loaded nanoparticles
modified by chitosan
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Abstract: Objective To prepare tripterygium glycosides-loaded nanoparticles modified by 50% N-acetylated low molecular weight
chitosan (LMWC-TG-NPs) and to investigate their in vitro release behavior. Methods The LMWC-TG-NPs were prepared by
modified self-emulsifying solvent diffusion method; The formulation of TG-NPs was optimized by orthogonal design and the modified
condition of LMWC was determined based on the single factor analysis. The in vitro drug release of LMWC-TG-NPs was
characterized with PBS (pH 7.4) containing 20% ethanol. Results The optimized formulation of TG-NPs was as follows: Poloxamer
188 (1.0%), PLA (80 mg), organic phase (12 mL), and acetone-ethanol (2 : 3) were used to prepare TG-NPs suspension. The
LMWC-TG-NPs were prepared by incubating TG-NPs suspension with 10% LMWC solution at the ratio of 1 : 1. The shape of the
prepared LMWC-TG-NPs 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
LMWC-TG-NPs show a sustained-release characteristics with well-distributed particle size as well as high entrapment efficiency and
drug loading, which could lay the foundation for the research on kidney targeting and toxicity.

Key words: tripterygium glycosides; chitosan-modified; nanoparticles; orthogonal design; in vitro release; self-emulsifying solvent
diffusion method
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HAMELZ T (tripterygium glycosides, TG) #
i Bk} (Celastraceae ) T A& Tripterygium
Hook. f. #H¥8 A Tripterygium wilfordii Hook. f.
RSB, B m AR B, i
Fram e aUkt, BATPid . BUR. PR
PSR, IR B )T el . R R
TG B PR R I 7 e B A SR
I AERAEAE 2 20 Oh FVE TR S, TG R
G IRIATT PR 5 A RE AT 3 2B (AR R
TG IR 5IHE) 92 ZRG R B HEY, Wiz
gi. WEIMARG. FHEARGE Kk, LIRS
KRG, LR E BRI SRR, R
T T B R R T

YORRAE A Y ik BAR B A 2 0%, T
DRMBRE LG BRI 2O, SRR 3 e 7
YEFIEE . 70580 (chitosan) KR RS0 H HIF)—
PR R, AT WA I AR 2R . AT
il AR R KGR RIME A R, AT
I 50% LI JEE KA 731 B 5 2R B (LMW C)
AT 0 A R R P (HF R R
LRGSR 7 SRME I LI B SRR 31 LR IR BRAIS,  FF
R FEARRRARIG R, QR LR TR, 1A
AR 2GRN, DRk, 2 RS B A 1 R R
U 1) 25 W) RE A B A T 1, A2 LR FLIR
(polylactic acid, PLA) K&K, LMWC Mg
g% 7 LMWC &4 TG 49K K (LMWC-TG-
NPs); AL EACRE S PR 3R e Wt b7 T2
AT T AL, IEXS Tl % LMWC-TG-NPs AN
T RHIAT T 5L, IR TG B 4525 R4
AT 77 B9 5 Bl o
1 NESH

HI—6B 2 Skt ) IRl (VLR 3n i 4
FRSEBALAS) s RES2CS JEd: 28Kk a4 (g sk
A #:] ) Labconco ¥4 T1#1 (€[E Labconco
AH]D)s Sy R ORI E A (D B IR SCA ] D
Optima H K 2 0L (3 E Beckman 2 ] );
Agilent1200 /= S0 AH B (3£ E Agilent A ] D
CP225D LK (IR AW S R R~
H)); JEM—I200EX 35T i 1 2 (HA Jeol 24
"): HZ—92128 JKIRHIR IR G 2% (VLA KGR
R B AT IEHTEE CRREEE SRR A R
K], A TR 30000,

TG MR EREATIR A ], 55 2

4 0.56%, #t5 090320); 5 23 RS F 6
FE] 24 5 A= 0 S AR 2 BT, k%5 111597-200503); PLA
(5 09111917, M,=10 000, hZESEAMRL
HIRAT]D; 50% B £ 1 B2 AR AR X 737 ot 5t 56 SR b
(5 09071013, M, =19 000, FilLEm LY THE
HPRAT]); Poloxamer 188 (5 WPWAS44C, f&
[¥ BASF A #]); &Ji5 (HPLC 2%, F[H Honeywell
Burdick& Jackson A7) );  HABIRF L) Ay 43 Hr 4l

2 FiE54%R

2.1 LMWC-TG-NPs 9% &

211 FEABZ YR (TG-NPs) [FH] &% Bt
J5 TG RIPLAY 138 4 LA ¥ T4 i - BV A5 %
i, MECAE A 53 EAE T R Poloxamer 188
TigsAK, MK fE—EHE (500 r/min)
BibE T A WA R I KA, e, dkedi
F£10 min, 40 CH Itz EAPEER, 1920706 1% 51
B FEITG-NPsTR K -

2.1.2  LMWC-TG-NPs [{Jiil# H—& & LMWC,
T 0.5%BE R /KFR T, #1745 10% LMWC ¥ -
Y5 TG-NPs &K E AT 10% LMWC #H
FREPEFE T INE TG-NPs JR B, 70 fidk,
37 CH¥H 1h, 13 LMWC-TG-NPs JiEH. ¥4k
VR AR VYA VR 50 (30 000 r/min) 30 min, YT
TE R ZE BRI 3 IR, /K O T 5153 LMWC-
TG-NPs % T-¥3

2.2 LMWC-TG-NPs 51/ B ig B 403 2
221 (ST (iGN Agilent Extend-Cig #1
(250 mmX 4.6 mm, 5 um); JahAH K LJE-7K (85 :
15); AR E 1.0 mL/min; #3625 °C; KK
210 nm; HEAEE 20 pL.

222 ZMERRFE ORI T2 1H e i
HTE AR IS E, B S mL &1t A
R R AR R R 2, 1K 0 0.32 mg/mL
) 2 TR T PO BRI i A5V 20 RS 5 Ao 4 T
T, IR s AR A 0.32. 1.60. 3.20- 6.40- 12.80-
25.60 pg/mL [ RV S, 5 “2.2.17 TR
WA, DA TARRME (V) SR AL (X0
HATERME RN, £HRHT7RE Y=7.339 4 X+4.764 6,
r=0.999 8, FWITHAMENEHAE 0.32~25.60 pg/mL
B 2 R LR

223 PRSI R BRI A% L
LMWC-TG-NPs 2% 1 mL & 10 mL &+, in
H O, B, JOF R R 2R, 19 3L
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LMWC-TG-NPs, I inZ CUARBLLF 1115 7K 43 3%I1)
rp PR ALERAE (100~200 H, 5.0g, W4E 1 em,
PBERE) I, AW 10 mL YeME, WCEEVEmGR, 7%
T, FRIEH PR, %A 1 mL &,
FERZIRE, $24), RIAEMURSAR .
224 REERE UK. . R (1,60, 6.40. 25.60
pg/mL) J5T I B IR E 2 R I 0 BRI, 430
T 1 d NIE 5k, HESAE S d, 55N RSD 7
A 1.41%41.36%+1.34%; H [H] RSD 735114 1.29%-
1.65%- 1.62%.
225 [ACRREG  f% “2.17 TR O VEEAE, R
TG, &2 AGORRRER, WIUER, IMAHL
JHE TR PP i 25 VS ==, 0 T IBERR RS A G S s = (1,60
6.40+ 25.60 ug/mL) 3 A5t E R JE I il i R (&%
JE e LA AT I 3 ), 4% “2.2.37 T
FOFEARER, HEREN e, VHEA A RS T
A3 5 (99.25+1.70) %, (97.954+2.21) Y%,
(95.59+1.29) %,
22,6 HEMERE  HE-H#REN &) LMWC-
TG-NPs V&R 6 17, F5ZWI 1 mL & 10 mL &)
O R RE R ZIRE, 4% “2.2.37 TR ivkAbEE,
BERE e Ve T AR, v 545 7 4 IR P T B P )
RSD 4 1.90%.
2.2.7 eSS R AT S R
B, BT E 04 20 4. 8. 12 h BEFEIE,
735 23 TR I T U [T AR 1K) RSD oA 1.57%.
23 BHFEMFAHENE

Ko B LMWC-TG-NPs VA& 1 mL, JIA
HIEE.LEF, 4 °C 10 000 r/min &L 30 min, HY
EWE “2.2.37 TR RN, BEREIN E TR N B
BEF &, 0 mi: SIS R LMWC-TG-NPs
R 1 mL, BT 10 mL 8T, N B
R, IR RZIE, [F LR, W g KR R
(TR A TG FH I, 0AE mos 23 AT AL R4
i,

AR =my—m,) / m,

WhE=mg—m,) | my
mo AAUKRHR R T R, my AGRTR S R
TR, m N ERAKRL I T
2.4 LMWC-TG-NPsBY&A TZk

TR0 5% v R I 5 SR IR AB A 2 A 4 KORE 1)
AR, BB R A 28 LT, K
H T B RS B R e 45 3, A5l

AR AR S B TE R TG-NPs [f14b 7 d3E47 41
th, PRGN EE SRR, e 2R
i 464, BT A i LMWC-TG-NPs A ab 7 T 2.
2.4.1 IERRE I TG-NPs AbJ7 ARSIk
£ Poloxamer 188 & (A). PLA & (B). fifl
AR (OO WS SRR (D) h 5
#, BARERE 3 MK (FFREKPFRLE D,
1% Lo(3%) IEAZ VA RIEITRE:, LLKIAR (p)s fudf
e (yy) MR (3 RFbRiiik fe by 41
K EEA MAUVE 10 1IEAS IR 56 25 R AT 2545 5%
BTy vis vas v3 20 B4% 40%. 30%- 30%I1 R EFL)
LRV () =40X(1=y1/Y1max) 30 X y2/yomax +
30 Xp3/V3maxo IEASIREGBETH S5 R MR 1.

KA AT HTIE, B 1 AR 2 {E m] R LUK
(NI Ok e VilE e 27E =Sk 72 = e UNTHEA PN S LA AL
TR RK/MEIRCH A>C>D>B, Il Poloxamer 188
M &> A HAREI > W5 SRR AARLL >PLA
M, B REREAKT R ABC\Dy. B 253 HT 45
BOCGR 2D AL INE AL C RBRAR. BRI
iy iE # (P<<0.05), 1MXZE D X HEmAR
E S BURZS o T NP W ik e o VRS D )
A,B,CD,, Bl Poloxamer 188 FH &4 1.0%, PLA H
w4 80 mg, AHUVHAR N 12 mL, NEdL LB
PRRLE R 2 0 3.
242 BHRFREHETRERBM& IRE
Wit ZEPE ) TP-NPs AZ M, H 8RR E 1
T (RIRB R A8 1) XEARKRIRAE . Zeta HL
P A2 R B 2 R . L ARAS I 2 SRR Y
TP-NPs {25 4% “2.1.17 TR L30T R &1
RIFE “2.1.17 TR ik KA R AN Ge 5808 518
WA “2.1.27 TR k. 450 (R 3) K, K
B BB TP-NPs (1] Zeta AL 7ME, BH)5
Ve N I, HAFRPHE G R B K 7%
TERHB 0 A % Je 32y i JLC e . 5 R 2 [A] i)
B4 7 2 AT B 2 i g Kok BAT B s IR S e o),
AR H 5 & 1 77 Xl 4 LMWC-TP-NPs.
243 LMWC-TG-NPs fffab 77 T2 #IEAZ AL
AL FTA31) TG-NPs FefE A 7 41p, AR PR 25K
B BT (M5 SRS 4, B 10% 50 20 A 181
7, fifis€ LWMC-TG-NPs [(ifEab 7 T2, Bl K
HY 10.0 mg TG A1 80 mg PLA ¥ T 12 mL 1B 45471
(S ZBARRIE R 2 0 3) o, M HLAE: L
1.0% Poloxamer 188 47KAH (30 mL); {E—E 4 H
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£1 LG EXRBIRIHARMER n=3)
Table 1 Results of Lg(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(1) 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(1) 128.0 59.54 7.12 49.41
6 1.0 2) 120 (3) 12 (1) 2:3(2) 156.1 60.00 14.85 59.12
7 1.53) 80 (1) 18 (3) 2:3(2) 149.0 52.52 7.64 4322
8 1.5(3) 100 (2) 12(1) 3:2(03) 165.3 67.86 9.42 49.15
9 1.5 (3) 120 (3) 15(2) 1:1(1) 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
K; 140.28 151.61 137.21 152.16
R 26.68 3.02 23.92 5.09
F2 HESH 2.5 LMWC-TG-NPs /MRS fRRES
Table 2 Analysis of variance ng //I\i LMWC-TG-NPs %%/ﬁ%{ﬁ/ﬁ%ﬁﬂ
JIERIR EETIIM HME F BN 4 E, HE 10 min J5 HEARA W, FERIN 2.0%
A 120.984 2 62.075 P<0.05 WA T M B4 gy 3 min, HAR¥ET, HIE
c 18030 2 60550 P<005 BT REBOWSOHEHIEY, WE 1. duEsh
D 4.389 2 2252 Gi I T %1, LMWC-TG-NPs S BE SR, A
BUAK) 19 2 NSRS, BT 2 R AR B4

Foos(2,2)=19.00 Fy0(2,2)=99.00

F3 FEEBEEMAXNTHRAMEZE (n=3)
Table 3 Influence of chitosan-modified methods

on nanopaticles (n=3)

Zeta WAL/ QEPR [ R/

B\ kife /nm

mV % %
KM 1274+1.7 —22.6+0.29  63.08 10.60
Py
FEREMH 183.911.2 9.65+034  66.20 9.90
JEBME 2045+19 9.90+0.87  60.81 10.25

(500 r/min) FFE KA HUAHZE R I 2= KA, W
B, dkSEAEEE 10 min, 40 CIREZ LAY, 15
FI A BTG TG-NPs V&R . BUS FiRkiE
BREARTU 10% LMWC-0.5%B5 M2 K, st
BEFE R N4 TG-NPs JREWH, 720 8tHE, 37 C
B¥E 1 h, 4 LMWC-TG-NPs &% . gk ki
BORVA VR B0 (30 000 r/min) 30 min, YLVEH
AU 3 I, /K BOIHRT 43 LMWC-TG-
NPs T8

I LMWC-TG-NPs Vi & i FH i 2 758 10 K W ke
Jii » R IO G RLAR I 8 A 7 V- 3R A% S R4 o A
iR IR 4 R 2.
2.6 IERIG

$“2.437 T N LMWC-TG-NPs fefE b5 T2,
#1457 3 it LMWC-TG-NPs &, 4375030 5 Hoki
7. 20 HdRE (polydispersity index, PDI). £l
RN, GiRiE. PDI. A5 R M 2554 5

0.1 pm

3

1 LMWC-TG-NPs &5t iER A
Fig. 1 TEM photograph of LMWC-TG-NPs
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T4 WIEREER
Table 4 Results of verification test

R KifE /nm PDI QEER /% HE /%
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
26 - 5‘0‘ ; 100 260 ‘ ‘S(I)O‘ ‘ ‘1‘0‘00
Rife /nm

2 LMWC-TG-NPs 89125 f
Fig. 2 Particle size distribution of LMWC-TG-NPs

1 (207.6£3.4) nm. 0.078+0.009. (61.83+£2.43) %,
(10.70+0.37) % (n=3).
2.7 RINBRBMRR
S AEERE TG )52k K. LMWC-TG-NPs
TRHEE, HT 2 mL & 20%ZEE () pH 7.4 PBS
o, B NTISE AL BT BT A, % 5 BT 50 mL
T 20%L 0 pH 7.4 PBS H, T (3740.5) CHaE
WEAKEYRY (75 v/min), ERTEAE 1 mL, JFIZRI#k
Ingg & [FRERE B B, FEA A 0.22 pm AL IENE uE
of, EUERVERE “2.2.17 TR @R, TS
SREZE (), Sk, 45K WK 3.
O=(VoXp t VX S p) /w

n=1
pc At WA RTASRE B T 25 ik B (pg/mL), V
S BFURHUREARBL (mL), Vo SRS R AR (mL), w
RYUKRLHIEZ T (ug), p, S HORERS ) 5 ) 259 i i ik
& (pg/mL)

H P 3 I, TG JRGTER I T BRI,
1.5 h E2RBZ%RLF] 60.0%, % 6 h N2 oA
Bilse s, BRAUBRAEIL 96.1%; MR 2y ik Hi%
WS HAE o5 A 1.14 he LMWC-TG-NPs 7 6 h Iif
ERRZIE N 57.8%, 24 h I EFBZE N 68.0%,
tos M 443 h, BRI R ERRHE. 20 %
)R — i E) 12U RD Higuchi B2 6]
LMWC-TG-NPs RSN 24T AT TG, 451K
] LMWC-TG-NPs 7t pH 7.4 PBS (% 20%Z. %)
(IR 2H4T 54 Higuchi J5#%: 0=0.195 1 *—
0.0392, r=0.8247.,

100
80

60 -

0/%

40 b —— TG
—— LMWC-TG-NPs
20

0

0 5I 1I0 1I5 2IO 2I5
t/'h
3 LMWC-TG-NPs {R5MNEALE (n=3)
Fig. 3 In vitro release curves of LMWC-TG-NPs (n=3)

3 itie

ARSI i) 2% (R A Kok 22 R H SR 1) B FLAL )
P HEE (M-SESD) il 4% . #4l M-SESD ¥l ¢ NPs
T, APER R A 7285 B Ry i KAHA
FU SN LI, A ReTE R INEAT L [
(1) NPs. SEEG&s RRW, AbT7 = TP A HUAHAR R
Poloxamer 188 F 5% 40 K FE it i 5% ) ik 2% . AR
SIS KA, RILBEE A HIAHAFIA 5 mL B
n#E 15 mL CEPAT AU/ ZKAHOAHAARR LG 12 6 4
JNA 1 :2), NPs [FPRif2A PDI B #if/, kR
AN s HBEE AR — P Kk 20~
25 mL CHAARIELIE S 20 3~5:6), NPs Fifefil
PDI M 3G A, (A ALk R W P, LR A
nl e A BEAE A HUAR R B B 3 O, A0 15 AR R
(PLA) [PJIREEJR/N, A AHUAH )RR PG A A
) A N, AU AIAER T, ik
R BSIA N RIFLR, TR T AR RS E I LA R
FLI A AR L2982, TR R NPs RiAT /s HAH
XIREE o AHEBEE AR — 21, W2l
BEVAANZG 780 iR AKME, FU R RE, &
Ji& NPs FRL42F] PDI 38K (A IS HLAH AR RIS R,
A HURH R RE B2 2 & FRAIK, X259 2 79 B BEL
JIN, ST I KA O AR, A
R

A SIG H R F ) AL 57 Poloxamer 188 i HLFL
IR E AUE D fig, f£— ¢ HETE N (0.25%~
1.0%), RS S0, 4R R R 5K 77 12 W
FEAK, AR T HUEAE A 508, HAEATHLAR
FZKAH GG B T 4 Z SR R, AT BEL R[]
IS, Hnatk Rk tE, {F NPs kiftik/h; =
IR, WG RANKAE TR, R
THE PR R FEAS 58 4 B FRACER T 5Kk 7 REPE, NPs
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M m) 12846, Sl NPs Fifeiy K.

A S SR FH T W B o % T e SRS A 1)
TG-NPs, F%¢ T FIE0E & 70 O K KL Zeta
R, 25 R, BEAG 70 508 ot & 20 2 1S K
(0~10%), 49KHi Zeta HI{7 I EIE A, (HBEHE
B R Bt — DA K (10%~40%), Zeta HIAT
JUTA AL, 3R 72 BEBEAE KR 26 1 & 1
IRBHRN, PRSI IEPE 10% 78 R BE A&7 .
SIS IR T SR RS TG-NPs TR B AR
Eb, R FARRAEL A 10 1 AT I 1k B R 5 (R 20
Kb, K101 IR EVE R, DR AS S5 ik 4% —
HIARBLEE 1 1,

il #¢ LMWC-TG-NPs [Pt FE52 i 2 7e sk pE 5
TG-NPs ki AR &5 G ki, B 58 n
CAFRARF IR 0 7 U Y B gk it o 5k
B TG-NPs AHLL, S SRBHEMRI g Kbk 12 B
WK, KR AEALE [TG-NPs “F-¥Jkifs K PDI
431k (133.943.6) nm A1 0.064+0.006; LMWC-
TG-NPs V#4512 % PDI 2054 (207.6+3.4) nm
F110.078 £0.009]. Zeta HLA7 o1 S AE 0 IEMH CHIAT
(RS TR 52 T 58 50 1A B B AE oKL R D 1
AR R 2 LA . S SRS AT A5 44 KR
FEARHE R IR Ji PR 3 2 SE BRI B M G n 1 4K
RLEETE, ML 2 5 R B BRI ST 5%
WS 5 a1 KK () Zeta AL HEAR 2 T
TG-NPs R gy, Fe28pEa e, KEAE
FHST e T AR AR, Se SR T LSS B W B A4
PN R ST E

SCRRIRE TG 767K AEFEER/K ) PBS (pH 6.4+
7.4) IR RESBAL, (AESH 2 ai s
BEMY) pH 7.4 PBS s itk et ar . R 46 A5 1k
WA, ARSI SRR 20% SBE pH
7.4 PBS NBA JHHEAT T LMWC-TG-NPs [fj{A4+
BT, S5 REW], TG 524 6 h I CHREAR S
4, BN TG JLF Wt LMWC-TG-NPs 1
TG BRI R SRRAE . X nl e T3k
L PLA 1) s JE RN, [N AR R JBOL R NPs
PN IS 8 A % A A B T AR TEU T BB N 52 B3 5
YIRS . LMWC-TG-NPs [{1 2B R E T ik 2>
5 HAAR P B (0 A AT S, A S 6 T 45 1 4
KL B JE R ) ME RN B PRI AT £ T BRI
S 3k
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