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# OE:. BfY HIEEAEREHBRILAIKEKR (TP@PCL-PEG-FA), I RHAIMIRE. Fi& FRHEBKILE
il % TP@PCL-PEG-FA 3, XPHiA2 A AL AT RAE, MERFIEARHE, KA IEENE QM4 E, FRN-ER491
PRAMNBER . MBI R IR IR, HREIMIRIEH. 53R TP@PCL-PEG-FA IRH T ¥kifE N (34.1£5.1) nm, Zeta
HAA (-101£2.2) mV, 2K, KWESMY—. A3 (85.715.8) %, #HAjEHN (1.8£05) %. TP@PCL-PEG-
FA IRHRIBIRES AN AR, BAERSR. 5@ PCL-PEG KRHAHLL, PCL-PEG-FA KHYE G 2 WEHIET
RAW 264.7 41 g H A4 IR R B B4R 5, TP@PCL-PEG-FA [RHH E ik AMA AR, 45 #1475 AREH R A ERHD
[l f¥] TP@PCL-PEG-FA R, HAHEIFIARIMERBIRIER, N ARH RIPKEL RGP T —Fh 3 SRS AR s .
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Preparation and in vitro anti-inflammatory effect of triptolide-loaded folic acid-
modified micelles

WANG Run-kong, XIAO Kun-bi, CHEN Ke-fei
Preparation Center, Sichuan Provincial Orthopedic Hospital, Chengdu 610041, China

Abstract: Objective To prepare triptolide-loaded folic acid-modified micelles (TP@PCL-PEG-FA), and study the in vitro anti-
inflammatory effect. Methods TP@PCL-PEG-FA micelles were prepared with thin-film hydration method. The size distribution,
Zeta potential, and morphology of TP@PCL-PEG-FA micelles were characterized. The encapsulation efficiency (EE) and drug loading
capacity (DL) of micelles were determined by ultrafiltration method, and the in vitro release of triptolide was also studied. The cellular
uptake efficiency and in vitro anti-inflammatory effect of micelles were evaluated. Results The average size of TP@PCL-PEG-FA
micelles was (34.1 +5.1) nm, the Zeta potential was (—10.1 £2.2) mV. The micelles were spherical shapes with uniform particle size
distribution. EE and DL of TP@PCL-PEG-FA micelles were (85.7 +5.8)% and (1.8 +0.5)%. TP@PCL-PEG-FA micelles showed
obvious sustained release effect. Compared with common non-targeted PCL-PEG micelles, the cellular uptake efficiency of PCL-PEG-
FA micelles in LPS- stimulated RAW 264.7 cells was significantly enhanced, and TP@PCL-PEG-FA has stronger in vitro anti-
inflammatory effect. Conclusion TP@PCL-PEG-FA micelles targeting folate receptors are prepared, and have better targeted anti-
inflammatory effect in vitro, which provides a new strategy and new idea for the nano-delivery system of triptolide.

Key words: triptolide-loaded folic acid-modified micelles; size distribution; triptolide; encapsulation efficiency; drug loading capacity;

in vitro release; cellular uptake efficiency; anti-inflammatory effect
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291 B Sl DA R-5K £ ¥ (PCL-PEG) 72
—FhSEVEIR LR B, BAESEAE. YA
PSRRI, W T R 2 AR IR A 1K 8T
TEJRESPI R, G2 P 7 A 35 B e I A
BT OCEER . REAMET, SRAETBAL B 4H A
Weigtl, oW MR SER F-o (TNF-0). F4H0E
-6 (IL-6) 55 589 K1« V& 4k 1) B g4 iR i
(I BRZ AR R, AR — P Mgk 2 R4
BIT RIESRAE THE AR, BTk, ARPRHIS T —
Pt BRAS TR KRR, B3R AR 2, W
ATERACRHIERT 72, it/ B EREZH L RAW 264.7
ARSI RIERTY, BRARSIMNE PR ER

1 UEERG

Waters e2965 7 /5 0GB AH (51 (Waters A 7);
FE BOAHL (Beckman A &]D; WOBKL A (/R
AT TR ZERAL (Buchi AW]); Mot I B
B (Zeiss A7),

EABF R ('S PRF20061122, Jii & 7%
99.58%, Jl#R FvERHE I KA R A F)D, PCL-PEG
(R-PL1103-5k, P42 Hiits AR A R A D, PCL-
PEG-FA (R-PL1114-5.4KD, 72548 £ ¥4 TR
AT, IEE CRHXT ¥ FiE 10 000, Millipore 2

"D, FEHTEE CHEX i 3500, b ZSEER}
KEBRATD, H5% 6 (g% 98%, Aldrich-
442631, Sigma A #)), i Z ¥ (Sigma-L7261, Sigma
ANFD, FR4EIE (585 12483020, Gibco A F]),
DMEM #5773 (185 11965118, Gibco AF]), /I
BRCHAZ BV (RAW 264.7, ATCC Hia).
2 FAEEHR
21 FREVHIE

K FH B K AR ) 2% FLAA I BRFE A M 1K) PCL-
PEG-FA fig#e1, FRHL 20 mg PCL-PEG-FA, #&iii
TR, N 20mL 2K, REM 2B AR5y, 15
K 40 CHAF NIRRT ET M, AEa R &
F RS NN 2mL 4K, 7E 40 ‘C/KIBF
BIRARRE, KA, 022 pm PALIESLuER, B
5. [FVEH145 25 1 PCL-PEG XK « FRELE ABEH %
EE, 755 PCL-PEG-FA. PCL-PEG #4/1 1 : 40
ILEVEMET O, A % TP@PCL-PEG-FA IR |
TP@PCL-PEG fiK# .
2.2 BIRHYSRAE
221 Riff. Zeta WAL MREX 1 mL FEG R R ETR
3 MTBONRLAR MR LA AR o, A A b B2 G &
PAEF Zeta AT, 25 W% 1.

x1 FBORIRZMEBAIE ( x+s, n=3)
Table 1 Particle size and Zeta potential of the micelles ( x s, n=3)

Jis R i /nm PDI Zeta HLA7Z/mV
TP@PCL-PEG 25.3+3.7 0.15440.068 -35+0.6
TP@PCL-PEG-FA 34.1+5.1 0.226+0.088 -10.14+22

2.2.2 ESTHEBIRAE WA 0.1 mL BORVE, H4E
IK AR JE T I AE 78 2 ke B4R I b, RS
2% F IR e £, 1 FH 75 S FL B WL 5 s R 11 K/ N
&, SRNE 1. BRI R RERE, Rt
oA

223 JRHRFEN TP@PCL-PEG RK. TP@
PCL-PEG-FA R B T 4 CUKFIAEI. TERLE (i
[ (1. 24 3. 4. 5. 6. 7d) JE KRR,
SERWAE 2. 75 7 d WIRAKIAE IO & A2, 1
IR T RORAE 1A e E

23 BLBEERAHPLC ENZE

231 (o Waters Symmetry Cig it F: (150
mmX4.6 mm, 5 um); JahtH: LN - 7K (26 © 74);
K. 218 nm; #ElG: 30 °C; AFRE: 1.0

PCL-PEG

PCL-PEG-FA

TP@PCL-PEG TP@PCL-PEG-FA

1 10 100 1 10 100
Alnm

1 BIREY TEM FKIZR 5%
Fig. 1 TEM and size distribution of the micelles
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®2 KREZHNBEM ( x+s, n=3)
Table 2 Stability of the micelles ( x %s, n=3)
TP@PCL-PEG KR TP@PCL-PEG-FA K
v R nm PDI RLfEnm PDI
1 235+3.0 0.160+0.053 359419 0.196+0.058
2 26.3+3.1 0.17240.055 36.7+35 0.199+0.050
3 27.1+09 0.16140.040 39.0+24 0.226+0.084
4 26.2+0.9 0.206+0.039 378429 0.215+0.063
5 265+1.1 0.22140.064 38.2+3.0 0.22340.045
6 27.9+0.8 0.21940.010 372421 0.23940.068
7 275+15 0.22440.025 39.6+2.7 0.24240.036

mL/min; FEFEE: 10 pL.

232 MBS KRN TP@PCL-PEG-FA
R AmL, NHEEEAZE 10mL, JRERS, A
TP@PCL-PEG-FA X HFEMIE . [FVEH 82 H
PCL-PEG-FA & HAF i I o

233 RGUEMNME SRS A R
TP@PCL-PEG-FA IR A FE i Al H PCL-PEG-FA JI%
WEES, 45 A 2. TP@QPCL-PEG-FA iR (it
H5EABTFRBWOEEHAMERFENEA
il R E 0, LA AR o i I T T

B C
e '
0 2 4 6 8 10 12 14 0 2 4 8 10 12 14 0 2 4 6 8 10 12 14
t/min
*EABTER
*-triptolide

B2 BJBABRBREREXREMA (A). TP@PCL-PEG-FA KRR (B) FMZ=H PCL-PEG-FA BRR (C) HY HPLC Ei%
Fig. 2 HPLC chromatograms of triptolide reference substance (A), TP@PCL-PEG-FA micelles (B), and blank PCL-PEG

micelles (C)

234 LRMERRFEL  EEIRIUE A8 25
i 7.37mg, FEEERE 25mL, 53] 294.80 pg/mL
il 2. FRIC I 2R BE 43 15.26. 50.53.
45.79. 61.06. 76.32. 114.48 pg/mL )55 23 i B 50}
HR ORI, BEREDNE o 40 DABTEEIREE L 0] U [
PO AR, X HATZRYERNA 24, 152
JH75FE Y=7318.8X—2988.4 (R?=0.9999), ki
JE N 15.26~114.48 pg/mL.

235 FEHFLAL ORGSO A e B O HE
T 10 uL, ESERE 6 W, MEEmA, tH5ES
FLIETHIAR ) RSD 184 0.83%.

23.6 HEMKE /7HH 1 mL TP@PCL-PEG-
FA JIRH 6 1y, il FE ST, HEREDE T A 2=
PIETIAR, 25 R BoR, B H FR AR 1) RSD A

N 1.31%.

237 FaEthidle TP@PCL-PEG-FA ERAE MV
W AIAE 00 4. 8. 12, 24 h HEREIEH ARER &
W THIAR, 2593 RSD N 2.17%.

238 [FEMERALE  HE WAL TP@PCL-PEG-FA IR
W (17825 pg/mL) 1 mL, 4>5IHL6 {73, BT
5 mL B, FEEMA 294.80 ug/mL A BEF X
XTI 0.6 mL, INHEEZEZIEE . WRHL 10 L £
A AR T A R F R T AR, TR R, 4
RN AT R 1T EY N 96.32%, RSD A
N 1.17%.

239 WEINE RASMREITEEARFE R, fF
DURE S HEREI 2 5 R B AR R m A, Bk
Ay G PN ENE ey S SRS ESIP ) AT D5iE =7 33
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AEHE AP RNE.
24 BHEMZFHENE

KR S8 VE N 2 ROR )ALt % (EE) FIEiZ&E
(DL FEHMIEZA R L mL, I EE 24 10
mL, JRFEFE 5, RFH HPLC 500 e i o Hp 75 2 i
FMEE (W ). MEEIREEZ R 2mL, i
JEE T, 6000 r/min B0 30 min, WRHUBEW, I
MR EA R SmL, e mERE, &
UM E (W s)o MR A H R AR 1 A 20
Wi, SRNER 3. BORIEE R 80%,
PRI T RUFIEZ TR .

EE= (Ws—W ) /W e

DL=W %/W

o W S NIRRT B, Wt B BR 2
W B S BOR G, W s IR SR P 2 A e i

®3 RRMEHRMPHBE ( xxs, n=3)
Table 3 Encapsulation efficiency and loading capacity of
micelles ( X =s, n=3)

Jis R EE/% DL/%
TP@PCL-PEG 93.3+4.1 2.440.4
TP@PCL-PEG-FA 85.7+5.8 1.84+05

2.5 RIMEREIME

Iy B AT R EW . TP@PCL-PEG 3R
TP@PCL-PEG-FA iIX & 2mL, N TS b BT ()35
rasvr, &AL EBENEEMm, BN 40mL &
A 0.2%% 1115LHE 80 (1) PBS IR A MBI A 57 1A
B O, KB EEIRG# L 37 'C. 100
r/min 244 7E%, 97T 05, 1. 2. 4. 8, 12, 24
h R EL 1 mL A 5T, [R) A #h 70 56 528 ERR T
IR o W 5E NI A] S/ 5 R e A TR R SR I T IR
B, iHE SRR, LA 3.

100
80
kS
#
= 60
&40 0 I AT VI
&

& TP@PCL-PEG

- TP@PCL-PEG-FA

0 5 10 15 20 25
th

3 ECRAYMAINRIFFEMEZ (n=3)
Fig. 3 Cumulative in vitro release of the micelles (n=3)

BT RBEBTELBT RN 24 h RHEE
N (89.0£3.6) %, i TP@PCL-PEG fi sl A
AT RN 24 h REBNEN (703£3.4) %,
TP@PCL-PEG-FA JR A H 5 A 2= 1) 24 h RFRE
A (65.8+14.7) %. 5 AMER RIFBAL,
TP@PCL-PEG X# F1 TP@PCL-PEG-FA JiH ¢
AN SRR TN, BAERERR .

2.6 RIMEERFIIIR

2.6.1 ARHMAEAIMIA R ST EURAW 264.7 4]
L, A SR P R, IR 1< 105 ANFL I P
BT 12 FLAR, BEALIIN L mL 4R EE IR, A4l
M 5E A WGEEfS TG 2 BB, A T IR
N 0.5 pg/mL, Hl# 24 h, FLLEL RAW 264.7 4
M, RIS S RERETY

26.2 MHRHMERUSE KAETER 6 (C6) 5 PCL-
PEG-FA. PCL-PEG LA T 2/, fHl#5% C6
ff) C6@PCL-PEG. C6@PCL-PEG-FA fik#, FH
K ## 7K C6@PCL-PEG /K. C6@PCL-PEG-FA
TR Ay AR A C6 BN 0.5 pg/mL. A3
RAW 264.7 4 )5, FHZ A FREVES, 154 7
AT H 2% 6. C6@PCL-PEG R . C6@PCL-PEG-
FA R 1mL, FH%E 3 MEIL, 541t
F#E 2h J5, F PBS ¥k, ZRHEEREE, B
F DAPI Beta, f L RE BEBIE S, 4553
L 4, 7] I, C6@PCL-PEG-FA I R E 1AL K] RAW
264.7 A i (R HOK R B R 5 T C6@PCL-PEG i
W, B R RS I R 0 3 IR AR R . 5
W IE JERL ) PCL-PEG IR A AH L, PCL-PEG-FA fiX 5
TENR 2 FER L RAW 264.7 40 A 45 B R 1

BT

C6@PCL-PEG

C6@PCL-PEG-FA

4 EERAEPE ZHERIBA RAW 264.7 4RARAYIR B ZR
Fig. 4 Cellular uptake of the micelles in LPS-stimulated
RAW 264.7 cells
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2.6.3 MRHMURIER ol EXT A, BRI,
HAMP RBWA . TP@PCL-PEG it W 4 .
TP@PCL-PEG-FA XA ZH, il 74 55 78 e fe &2
TN KM EE N 100 nmol/L. BRxtFRZHAL, 2
% 2.6.1 U N A FRAM, M2 ARFRERER)E,
IINZS F IR LB AL FIEE 8 h, IRl
A2, 4 C%A%FF 3000 r/min &0 10 min, H b
TEW, FOELISA 327 Soker i 248 i 28 5E K1 TNF-a
AIL-6 /KT, 45 R IR 4. 5 2 HEH G RAW 264.7
Y0 H ) 2 5E K 7 TNF-a AT 1L-6 AP B TR (P<
0.01). 5 TP@PCL-PEG M 4HAHLL, TP@PCL-
PEG-FA JIKH ZH TNF-o £ IL-6 /KF- B B F#K (P<
0.05), #7~x TP@PCL-PEG-FA i s A5 F 5 (KR 4 Mt
RYE
#F 4 TP@PCL-PEG-FA BE5R*T RAW 264.7 ZHAR TNF-o F0
IL-6 KFEEISME ( X %s, n=3)
Table 4 Effect of TP@PCL-PEG-FA micelles on levels of
TNF-0 and IL-6 in RAW 264.7 ( x %s, n=3)

20531 TNF-o/(pg'mL™Y) 1L-6/(pg mL™)
pagis 86.3+6.1 43.1+4.2
LAY 183.9+£10.7%" 121.8+£5.4%"
AT R 160.7+8.6™ 94.4+6.2"
TP@PCL-PEG iR 133.5+6.5" 78.7+5.2"
TP@PCL-PEG-FA JK# 110.6+6.3 62.5+2.3

R4 #P<<0.01; 5 TP@PCL-PEG-FA IR ZH EL#%: "P<<0.05
"P<0.01

#P < 0.01 vs control group; P < 0.05 P < 0.01 vs TP@PCL-PEG-FA

micelles group

3 g

GRS 2 EERE.
KEFEH LB A RRIEIG IR B Oz B TR 9T R
REPEI o B AR B AR N AR B E E N EE UK
32—, BIRPLRITRRY), (B AR G AR
BT 78 RS R MRS BRI LS A, e 2
A IR 2 77 22 AR G ek B 3G 80 AR DGV E FE
TR i) 02, AT 9 R T 9ORE s BR A 85 H v AL
(1) G 200 B RS2 A v s IR BRRAE vt 4
#% TP@PCL-PEG-FA JiH, AT SEELXT 78 5B A7 15 ik
211 () B ) B SR FVR T

I % 52 A A2 — 2R 7E Bl 20 e Hp Al LI 2
A, FERIRPESTT 48 IlEF4E4b S5 500 HH A7 6 T4
TEACHIEVRA MR T, AFAE T80 53 b R 4t
o, JUPAFETIER M, Kk, R TRk
IREANE T A A A, MR R R A

PCL-PEG-FA H 4 %IE IR 5 5 AT &= A4k
TRRARMI PRz, AT AR KA, BRI T R
AN AR o[RBT AR SE UG AHAIE SE TP@PCL-PEG-FA
I RERIFR Z5AR LG, A RMRAER, Mk R
(I BR /N 3 AR N BR SZAR IO AR, 7] DARR S P 3
s EvEH B R T B 2R 25 A, TS
T TP@PCL-PEG-FA BRI AEAAR S 98 A5 B o 115 Y
R FPLR R . AFFERE TEHEER 6 X/ME
TEPERRGR . SO GRR M ANME TR DI SRR m R 5k
TREF RIS IE 2P0 T A R 2, (B HEHIT )57
TESH MK 0SB dEAT e PR E A e,

gx b, AR A% T AT F R R
] ) TP@PCL-PEG-FA JIE o, EAG B U (1R A )
PLRAEH, ZEA TR R TT RIEBR I~ —
IR T B SR, WO AR R grKE
PR G T — Pl SEmS AR L
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