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WE: & KA (osteoarthritis, OA) [ Jay 4K HE TR TT S T I % AR 28K 5 B Mk my I XU PR R . AW FUR 2 T 3%
TN 2 B HE AR TED (triptolide liposome microneedles, TP-Lip-MNs) i#3% R 48, K FH v ik 40 B —#d 75 V2 1) 4% TP
JIg 44 (TP-Lip), Ji i S 48R B A0 — 2 O SH 78 TR BRI AL Sl 1) 4% 122, B 28 1143 (1 TP-Lip-MNs 3 24j i ik
£ 63.49 pg, FLEFHLIEE BN 0.9 N, 254 7E Bk 120 pm 34 B A0 R0 IA B . 78 2548 8h 7712 (pharmacokinetics,
PK) #F 50 H, ARFERE T RAE R AR 456 LC-MS/MS AR A7 T K BRI e B Ml b TP s 4 k. 451
iR, TP-Lip-MNs 41 ) il £& N 2 (AUC,,,) N 156.80 + 37.04 ng-h-mL", J& TP-Lip £ (68.31 = 5.92 ng-h-mL") {#J
2.3 4% W& R EIKIE (C,,) 966.35 + 18.59 ng-mL", /& TP-Lip 41 (22.49 + 2.36 ng-mL") (¥ 3.0 {#%, &35 42 & TP 7E %
ST (0 25 BUE 2R WO 28 . 7R B L FREA T K R OA B AL 252 °F (pharmacodynamic, PD) ¥4/, i
T KRR 565 i i % L CT #2144 B 48 1 TP-Lip-MNs X 48 0 51 A2 1) 8 5 3 4 B AT k) &50R, 387 40 TL-18.TL-6.
TNF-a & A HEN T RES, 3—DIIE T TP P& 8 H . G £ Fs (ALTVAST.BUN.CRE) iF i L B A
RAFII AR A o AHIF 50 IR I B8 -3 1% -PK-PD” IR B 1T, 9 OA I RFIAIT #2407 e B ALH 1 5 54018 )
HIRRIRTT %o BhWSEE6 28 R HE v 55 25 R S S0 W S IR A6 3 2% 51 2 it (No. TCM-LAEC2024125g1009).
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Abstract: Local precision therapy for osteoarthritis (OA) still faces dual challenges of low delivery efficiency
and high toxicity. This study constructed a triptolide liposome microneedles (TP-Lip-MNs) delivery system. TP
liposomes (TP-Lip) were prepared by the thin-film dispersion-ultrasonication method, and the microneedle preparation
process was optimized via microneedle mold casting-centrifugal filling-drying technology. The final TP-Lip-MNs
exhibited a drug loading content of 63.49 pg per needle, a single-needle mechanical strength of 0.9 N, and a peak
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drug release at a skin depth of 120 um. In the pharmacokinetic (PK) study, a quantitative analysis method for TP in
rat knee joint microdialysate was established using microdialysis sampling combined with LC-MS/MS. The results
showed that the area under the curve (AUC,,,) of the TP-Lip-MNs group was 156.80 & 37.04 ng-h-mL", 2.3-fold
higher than that of the TP-Lip group (68.31 + 5.92 ng-h-mL"), and the peak concentration (Cw.x) Was (66.35 +
18.59 ng-mL™), 3.0-fold higher than that of the TP-Lip group (22.49 + 2.36 ng-mL""), significantly enhancing the
drug diffusion and absorption rates of TP in the knee joint. In the pharmacodynamic (PD) evaluation using a
sodium monoiodoacetate-induced rat OA model, TP-Lip-MNs inhibited inflammation-induced bone hyperplasia as
demonstrated by knee swelling rate and CT imaging. The treatment group showed a significant decrease in IL-15,
IL-6, and TNF-a levels after administration, further verifying the anti-inflammatory effect of TP. Serum biochemical
indices (ALT, AST, BUN, CRE) confirmed its good biosafety. This study provides an innovative and translationally
potential solution for local OA therapy through a "model-delivery-PK-PD" closed-loop design. The animal experiments
were approved by the Ethics Committee for Animal Experiments of Tianjin University of Traditional Chinese
Medicine under the ethical review number TCM-LAEC2024125g1009.
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AR, B A AR 12 WAL ERR e, & 5%
% (osteoarthritis, OA) /£ A —F LA 5C 1 8 B AT PE
AR NAZ O R R AR IR MR, IE H 2 O AN
AR D) RE R AG 5 BUR M E ZE R H AT IKIG ST
T B AE JE 22 55 R 3k e 5 o3 A 3 TS O TS A AE =)
PR, i 75 R 22 4 v AR DR ALV 97 S . B AR &R
(triptolide, TP) E N M A% Gt 245 FH M) 85 A Tk Hp £ HXL 1)
IR 5 N BRI B, R 3 1) S B I G
PUAEVEAE AL OA VR YT Hh R 3 th AR ™. 4RI,
A G VA E A TS B Z e KPR 22 Je 4 B d ik
3 25 5 ] A SRR, 7 2 T I R R A

JIE B A4 AR g 0 ML 1) 9 oK 386 38 i A, 38 ek 8 T X4
TR AELAY), 7T 8% 8 TP B/KEEFIFR E
PE, & m AW R B, BRAR A B R 1. TR B, IR
FAAALEE, TP A2 ML )2 S G K 3 £, A3 R0
DR PIITIR . TET (microneedles, MNs) $37 AR AL A 4
KGR B 33 e R A 5 )RR, 6 SR B 24 W0 1) I o
2 Ik, A 2050 R B R R B B ok 2 SR 2 P ik
FER ¥ IR A4 5 U 45 B TR I TG R AR e, 3R
JIg 52 A 1 245 47 0, 80 A5 RN AU B ) B e 3B DR AR 1, A
B TR 9 5 e e o A A L R B ) R T R
Bian, ARG IR T, BE BUARTIET B2 1 i T 25 AE
Y ZIBIE, B S A R R,

T I, AW FUEE X TP I PR 3 40 10 iR 290 1] 252, 4L
& TP ig i A& 1 %1 (triptolide liposome microneedles,
TP-Lip-MNs) 3 1% R 4t . i 3k Jg i 44 40 TP (1) 24 771
PRI, A T S B OGRS RE 1) 45 24, UL
P RETIAT A PR A B BRI S N B SR 45
SRA 20 5 2B ) A, #R R TP-Lip-MNs
FE OA IR YT H BN 8 77, D R SRS 1M B4 1 JR 3 45

25T A SR SE IR AR

MR5RE

{8 % AY (DHC-6TD, 3 H LOGAN A #); 5
KW AR 1% 1 (Er2489). X-Brige C18 & 1% F: (¥ 4%
250 mm x 4.6 mm, 5 um) ¥ H 3£ [E Waters A 7 ; 7387 %
*F (New Classic MF, 3% [&] Mettler Toledo 24 &]); ] i =\
AT (KTQ-IL, _FI B 3 B & A R A A, e
%% (ECLIPSE Ci-E, H A Nikon 2 #]); #5220k [ 4k
AW 3D FTENHL (BPS601P, 75 JH 7k I SR 44 g 1 £ A1 PR A
#]); Micro-CT (NMC-200, “F- 4 B J7 Bl B 1L AR A
#]); Micro-CT §1% £ 4t (PE GX2, PerkinElmer A &)

KZ5 EFOIBEAE (N01001, Eig U AR EE 25 B
B A BR 2 w]); JHE EE (CC3561A-25g, Jb 5Tl K 18 R}
HIRA T, B A REH R JFE R (BP1411, 0% 5 KA
VIR A IR | &4 (3981, KEETT K% Ak 22 5
Iy, A B R K (2402222107, 1 K FEWUZEH R A ), &
O3 R R bR R LA 4R EK R BT 4% (B20709-100 mg.
SP131273-0.5m, i Js AR A IR A 7)), i H
e a3k 215 (221043 . F22MB1201, 2 [# Fisher 2 7);
5448 (U820333-500 g, 22 5 M il A BR 28 =); LI
(Cr) ¥l 52 R 7 £ (20241106, B 5@ A TR
), AT & (BE-BC-K236-M, Mindray /2 7] ); ELISA
WRF & (SP10205, BTG AEM R A R A ).

¥ SD KR (M, 75 250~300 g), H 7 I
(bR R EARA IR A A A4, S250 348 FH VF T
iE 5 SCXK (5%) 2024-0001; FT A s s2 i ¥ 3k45 1
TR 25 K 2 BN S B AR R 1 s ik #E (No. TCM-
LAEC2024125g1009).
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il ] Waters HSS T3 i 4% (2.1 mm x
50 mm, 1.8 um), LA EE-7K (73:27, viv) A sh B 745
FE Ve, AR IR N 35 °C, IE 0.4 mL-min”, BEFEE S pL.
X RS R E AR RS, BT
10 mL &R, A5 A AR T 8 25 R 20, il & ik
FE2 T mg-mL 0] Bt il 2% Y R 25 B BT & 4 T
BT 100 mL &, O E A A L0, 13510 pg'mL?
[R5 R AR, T 4 °CHA IR AT -

JRE A R WS IR, DL RN I
A HAT B FHEE, RS HD T TERESIEE
300 °C, FH S & 11 L'min”, B NES, EWHE
7315 psi, BYIE HLIE 2.8 kV, FEZE K 200 V, Al H
JE 135V, fiff#RE & 39 eVe

a3 kG B IR R A O &, FH AR R
N 16.22.32.45.64.91.129.81.259.63.519.25.1 038.5.
2 077.0 ng-mL™" (1) R FIIE VR, U g U T AR o DL UG [T AR
(A) AYAAFE, FREIREE (C) b A by 22 il br Ak ih 2%

FABEZEEREHE RIUE QBT RER
24\ JIE ] P e B ORI, $e DUR LRI R B A
FIKE 1.l mgmL'  Zjflgtk (FABH X5 EITOIBE
JIE & b)) 24.0 fH IS b (RE [ B 5 S 0 R R R &
b)) 4.0, B = W ff T S0 R R, SR T 28 IRAXAE
TR 2540 T B 2 &4, B 20 MR ST 48 21 25 iR
. BEJG DN 2 AR H K, FEN /NS B B Bk A
i AR, T IR TR he KIS RS
1A 2 0 e 2 R 7 O 2 M R AR S, T R E ) 2R R B
() 50T AT R 75 b B, f 2445 75 A T R R T A
(triptolide liposome, TP-Lip)”'.

BLABRRERAMENGIEIE RHERS
ik ) % TP-Lip, I 3% T PDMS e #E H (%t K5 51
FJE10 x 10, £ 1800 pm, £1 (A1 1220 pm), JE it 52
- B O IE TS T8 L 2 % TP-Lip-MNs.  E AR5 3R
e, FRE300 mg 37 B 5 R 4A (sodium hyaluronate,
SA), ¥R T TP R &=k £ 4 1 mg-mL™" TP-Lip 1B 2
W, SR B R R BRI SRR . HEE
BA W E T 10 000 r-min” 254 F &0 10 min, P2 &
R Z NI . HL0.4 mL iS5 19 SA-TP-Lip 1B A ¥ )
BRI A TAL A AT AR R, T3 000 romin B2 R B
0 5 min, [FIRA R SIH AR A e fLE . HAT
B, WA B A 37 °CHUAR T 18 30 min, 4k M ##% &
W IR 4 28 o [ 4K 24 h, #4145 TP-Lip-MNis.

BERER

WIRE M AW A FE 2 5 Sl
RS MR B & . B SA YN &= X SA-

TP-Lip J& & §E 5 A2 R P i R P2 1Y, A BT RS0 %
S [A) SAMRPE SR IR G R IR L i sk R ik g
PEAZ AR, LA 32 TR A5 3 FH S Bt 1) % (1 o £ 7 VA

B RO 0 A 0 B 2 fR PR SA-TP-Lip

RE BRI S HAME AR T2 S8, 7
[i] 5 B oI 18] 9 5 min ) 56T, RS L TH 70
41 0002 0003 000.4 0005 0007 000 r-min™ i [f]
T Rl AL 5T B, DA tH At 2R % ) S L i e 2 A

TP RS2 BT AR ) I Bl [ A e BE K
AR E S T 2R R A B . A0 gt
T 53 1 2R 3043744550 °C B of i 9 2R 11
AR

TP-Lip-MNs B3R 1

BRI LB 5 0 s f) % T2 6%
TP-Lip-MNs, >R H % % 2 5 8% (optical microscope)~ $1
I#i B 8% (scanning electron microscope, SEM) X fill &1 1
BEAR TR SR AR AT I 825 v B vFAiki B 5 44 245 40 76 7k
B o A1 L, LA 6 RN (fluorescein sodium, FS)
PENRERFE A TP BN R, EEEOEIL RE R

AT R T
MRTERE  HUSD KRB IR B, 8 L T 45 4

U5 B 42, 2 A T 2R KR v e 5, R /K 460
TR Ko K AOHR IS 1 52 0k [ e T IR IR AR, DAIE
77 FE ¥4 TP-Lip-MNs 3 EL ] Rk, 730 T 5,104 15,
20.25.30 min I [A] g B S, B TR RS TOW
BRIk 2E R L

J1EERE IR R B HLD ¥ % #5777 %F TP-
Lip-MNs [1) /7 % 14 Ge 2k 47 R AE". ¥4 TP-Lip-MNs
E T &, 9w b, 5 5E Ik 7 AR B 0.1 mm-min™
M 2R ) N R 8l [F D0 F Ak A IR B 1 56 %
HHh

ERITERE B A BRI M RE 5 K R & R I
Lb BR )5, {# ] TP-Lip-MNs PAHE 5E [E /)% J5 15 3 5 ik
5 min, 73 5 T 3% J5 J5 10,2030 f2 60 min %4 5 %
LR, W52 o7 AL A Y A L 2 il R R 2 R L
SD K BB % 15 Bz ik 41 4, 48 TP-Lip-MNs #% JE 5 min
S, B BURCER RN D3R R AR, ST T 4% 2 R H
T V5 [ 5 48 ho B 5 3R AT A L AR B K 2H 2R
PeA R ) 2200 pm JEE, SR 75 K # - 41 (hema-
toxylin & eosin, H&E) 4 432 xf V) Jr i AT Ye o, o 1
62 R T WS I VP A S 28 TR B % R R 2H AR
B

Y NBIEREIFEEE RIR TR AR LI ILET
BT A A A () 2 1B) 3 AT R P, BLFS AR TP %6 e i



- 2706 -+ 252 %4} Acta Pharmaceutica Sinica 2026, 61(7): 2703-2714

B AR, Z BT L I GO ) L2 A5 5 e R A
JIE DA T o ) % 1 BT T LA N SD K R %
R R AR, JE e ) L[ e ML h i, 56 B BT
T )N DX 33k 1 5 Bk 4 2, o i B S 56 50 4 44 B
V0 S 2 SR AU AL U R B o SRR AR 1 Bz ok 4L 4 S B
B T80 CHlEAR IR 1 58 i ¥4 R 8] 5, R A VR V) 4%
ARLLLS pm 2 E & EEHAY . BUAHEAET
oL RERUBREY &, WE TR R K
4460 nm, ¥ X-Y [ 1) Z 4l 2 B 7 18] 3 AT 08 2 3 4
A5 o I A AR L R 2 T S 5 AT S
KA 0T, FEE0 35 5 A BB RS B RE
SR IEAE T N IR, LR A VP4l 2 Ok AN ST
R Bz R b (138 05 TR T 5 5 1) oy A A

FasEMEH L IAE TP-Lip £ M e % T2 &b
SV ER AR E MR T 2, SR DL 7 AT B 5%
¥ ) % i) TP-Lip-MNs & = &% TAEH K, &
0.22 pm P8 3 98 25 BRI E T 2R i AR i, 6 52V S 1Y) TP-
Lip R A REAT RLAR 2 A KI5 SO T 25 3R AE, X6F L 4
AT ) 2% 5 i AR TR AR ) P B R E AR A

WG E L BUE B TP-Lip-MNs 4, K35 5K 8
J&i B B AR T 1 mL Z&THK R, TSI 4 0.22 pm il
FLUBME I8 2 BRA VAR T 2R i . JEVRIL #2220 mL
SR, N B R 0 2, 7R 43 R 35 5 TG A o LR
LY, ¥ W 2 AT & B E, T E A R
i,

Z R BIEEY K Franz ¥ 8t R & X TP-Lip
J TP-Lip-MNs #EAT AR SNE B B35 S0 . SRIG AT, 18
IO A RS E WA (1.77 em?) 1857 SD K 81 8 5
Jok, Bl OR B R 56 42 T a7 B B R LT B AV I S
T, S AL VA RE TR . o TRA B 0 B i E T
Bt e B, AR b, RIS i St . X
T TP-Lip-MNs £, F At [ 51 2 B )N BR B 3R THI - RF
B4R S min, [ERER 5 Bk BB A S B e TS
Tty TP-Lip 41 B 8255 H5 o A VR B 3 20 3 A T B R
M. Y 9 vE N 10 mL 28 3 257K (37 °CHi#Y) 1F N
RS R, e TER K I IR E R 37 °C, Bl 7 1 Bk R
N 200 r-min” CAYERFTRARS) 1 R g o 4 BRI B )
£1(0.0.25.0.5.0.75.1.2.4.6.8.12.24 h) M2 it BL
FE 2 mL, [F] B 37 BV RR 75 25 A AR T 2 A 2 R K DLAR R 2
WA RARARE E o BUREWRZ 0.22 um Bl FLIE R € 5,
E 82 08 V4 £ 1% 2% A DN 52 2 D B, AR A 5K (1) o
H24h WA EITEL & (0):

0,=(P,x V+ >""ViPi)/A (1)

Horh, PN n UCHURE I B2 50 P 25 IR B

VRBOBARTR, VR EUCRER R, PSR i CHIURE I 420
W 2R IR FE, A NS R B AR

ERBRIHZFHRR B12 L SPFZSD KR (1
Jii & 200 + 20 g), I IEBENLE TR IEL 5 RN2H (n=
6), Bl TP-Lip-MNs 205 TP-Lip Bt 4. K 20% =47
W (1 g'kg', ip) XK RIEAT RRIE AL 2R, [#] & T F R
GG, ELHEAE TR BB R AR ST s, DA
FE AR K (T 2 pL-min™) FFEEHEVE P 1 he 28 25184F
U : TP-Lip-MNs 21 - K BRI 5G4 17 bk 3 T s v s 5
1 BB 25 T (5 255 63.63 pg), TP-Lip ¥ I 41 U 7E A
5] #8235 50 134K 0.5 mL TP-Lip B (& 258 5kt 4
— 8. LRI A] A5 (000.5.1.1.5.2.2.5.3.3.5.4.
68 h) WS IR 51T i M ViR, R CHURE 20 pL, 2RI
=80 CCURAFFEM o R FH v AR i 5 3200 & 32 A
Wi R TP & 2, #4355 N\ Phoenix WinNonlin 8.1 24 3} 2
B, e AR Dy S AR A o) M Il 3 245 W0 Rk - ) R 2%,
TR EBEHRE 1S H.

EAGHEMR

OA IR 5/ AL R S8 s 203d N M A 7
J&, EEX SD K B S an R G AR 5 DARAR G IR 5
R R 55, MG S ST 20% SRR (1 gkg") FREE,
[ TFARG IR B FBETIEE L. LR
&4 (monosodium iodoacetate, MIA) it #l] /% 20 mg-mL"
TR, K FH 1 mL G B S A N KRR O Y
GHEHRE Z) 3 mm), 2218751 0.1 mL MIA W5, &
TS PR IETT S min, B R 25075 5 s N3 50 4%
B R REREH 1K, L THT K.

TR S8 BT, MRS B AL A 7 295 18 H OA 1A
KR Ak 6 R AE MR, 4> 12 H #4434 TP-Lip
#H (n=6) 5 TP-Lip-MNs 4. (n = 6); 575 I\Z5 1 SD K i
TR BEALIE R 6 RAE A ST IRAE . &4 Ab 3 J7
WrN: S A H AT TG AL A O
PYES 0.1 mL ZE B 2L /K TP-Lip 4H: S5 35 ik 5 & 24
& 60 pg 1Y TP-Lip ¥ ¥ 0.1 mL; TP-Lip-MNs 4H: T &
IR B R bk 2 THD RS E G 3 1 MOER 2 e (P B
B 63.49 ng). WITHAMN 14K, HHAZ 1R, K
TP-Lip 415 TP-Lip-MNs 4 Gt Fr ik I7 4 .

PR PR BE VP4 SRATREFE 0.02 mm bR R,
a3 T IERERT (5 0 R)VERLER 7 R IR TT 8 14 R A%
IEE NENE PAPSEE- NS RO M L&

AN Q) HEAKEE:
A 2 i ke B = G A R O B — I LT R
IR T )/ B AT AR 5T B E < 100% )

Horp, 55 0~7 ROEERIKI I, 55 7~21 RV
THOWEEH .
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FRICHTHE CT AR EVT AR IT 14 REEH
J&, 47 B U SD KBRS AR - B (R
K b BBt AREZ RIWALE, BT 4%
BRI P e . [ 2 e U, K Micro-CT &
GuX bR A HEAT F 4 AR, R Recon — 4 B 4 B Xif
JE UG B (5 3 AT Ab B i A R 5 4
HT K BB T IR T A MR SE
PRV B IR ] 5 S5 1) K BRI 5
FRAR, 2 A5 R B IS , 4% BRI 8 ) ) 4 AR AT
Tofs E B 7K 325 B IR0 R 0 MR, B S AT SR )
o B & A D) R AT IR - 4L (H&E)
Yufty, IR e th, T 40 [ SRy, Yeft 5l it e o
BMBEMEL ., BIRIT 14 d ST, SR 20% 2 iE
TR 2540 SD oK BRBEAT 4% B R, K BRI 3R 347 ¥
BB EE, T AR BT IS, B E
Jis 53 B G = Bk, SR P — PR AR SR i A R AT I
SRR, REMMFE TEIRFHE1~2h)5, B
F 4 CUKA A 12 h, % B 78 4 [ 45 . B S K
I FEE F B0 L, BLS 000 r-min™ #%3% 250 10 min,
B0 e R E R EE W, T 1S mLEP E R, B
T-80 CCHEK IR UK FE HH R A7 £ FH o A% 1 BEOK R &
M2 18 (IL-1p8) ELISA il i 571 &« K Bl 1 48 fg
7 6 (IL-6) ELISA Al ik 771 &1 A K B8 SR B8 K 7
(TNF-a) ELISA £ I 751 65 i B 45 () #AE 0 BR, A6 DU
11§ 1 IL-18-1L-6 J2 TNF-a [F &5 & . K AST 7 &
(Mindray)~ ALT i& 7 £ (Mindray). CRE i 7] & . BUN
R 7 & (Mindray) 75 5 220 H7 4T #&0 K 5 1 38
AST.ALT.CRE.BUN %4 L atr & & .
%itE 7555 KM GraphPad Prism 10.1.2 # {418
ik B BRL 3R 5 ZE A A0 B AT Gt o . s AT
B + b2 (x £5) FoR, P<0.05 8 B4 7E L.

#R
1 BEZEHER
L1 RRFEN M AR

VR I R 4 IR R, W] TP-Lip B+
ININSAJG, IRE R ZEROR H L&l #imishik. &
T TM-12 S5 L (1 LA S 30 (R LR R ), 56
[E 5 TP-Lip J& B AR N 1 mL, R4 %% SARINE

XTVRA B I 7R MR RE R : 2 SA A2l TR G
& BB IR (< 200 mPa-s), i sh il i, i it
TR Y 5 TEB L 3R B R AE w8 i BT LR 71 X
B, 5 BURCER 2 v 45 48 i R BORE AR IS 4 SA &=
I (> 400 mg), /& R E IS K (> 4 000 mPa-s), {3
PR T, BRI O IEH TR BIE S
HET ARG, 38 U AR 0 78 A8 AN A B A R

G LR A VAL B IR B — 18 Tk O P TR A ), 2
SA U= A 300 mg i, VR A BEE % 2 A 1 690 mPa-s,
R A2 0o T 70 I R PO AL FLE 1Y) S IR, SO gk
ot B ECR SIS . Z A KA T IR AP —
BRI FE R MUK 8 B2 A 6 S5 2R S 00 R, i 0 €
SA ¢ #4300 mg, HARSZIG 45 LK 1.
1.2 BOHERN WM ER NN

FE [ 5 B O A 5 min AR R, 43312 %2 1 000,
2 000.3 000.4 000.5 000.7 000 r-min" &5 Cr 5% 3 %f SA-
TP-Lip Vi & Bt A 78 TM-12 s LR 52 . AN A%
R B SRIG S LA R #1000 romin B, BlUERAS
AT A5 2 000 r-min™ B, e BT AR R H S IR AN T EE
3 000 r-min’ B, FUEF AT RF] B2 5 4 000 r-min' B 55T
ANH] R HEH R A S0 5 000 r-mint B, B AS AT R
R AR SRR 525 7 000 r-min” I, HY IR0 L A
MG

SR B, AR T 3 000 r-min B, B0 FAS
R FEORA BRI A A B ALE, B
B SR, I8 BT BT AR K B AN (SR 3 K <
1500 um) HJEETEA AN, 58427 2 7 000 rmin’!
B, 3o v 0 70 51 R B A B R ZAH BN, 34 PRk
B %%, [ I vy T R = A R AR (R 5~8 °C)
5 BIORE I A AT A4, T BOAS T 300 PR ARE L R T 6 B, 38
TREF I3 G451 . 3 000 r-min ¥ 55 F 550 J1 3738 51 1
B Ak, BE RS AR R A B AE 5 min N 58 &R T ATA, X
AL 3G R BT ) 00 R S BRI O . ZA T IAS
PITRET SRR T G T RUR, 256 AL & iR .
1.3 HFEENMETERNRN

BT e & A A AN R (fAL 3
V)RR 1E 5 T 37 °C), 1E [E %€ SA-TP-Lip 18 & %t I 5
% (1 690 mPa-s) 25053 (3 000 r-min™) K 250 i) [A]
(5 min) B2, 4357552 30.37.45.50 °CHE T &

Table 1 Effect of sodium hyaluronate loading amount on SA-TP-Lip. SA: Sodium hyaluronate; TP-Lip: Triptolide liposome

SA loading amount/mg-mL"' Torque/% Viscosity/mPa-s Spreadability Flowability Microneedle molding
100 75.30 185 Poor Good Non-moldable
200 85.40 623 Poor Good Needle breakage
300 81.60 1690 Good Moderate Moldable
400 90.30 4695 Poor Poor Needle breakage
500 97.00 7350 Poor Poor Non-moldable
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X PR A KU R 04 52 (BT 2H 0 35 [ e
B0 B3 2 3 000 romin &0 B 18] 4 5 miny SA N
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Figure 1 Morphology, structure, and performance characterization of triptolide liposome microneedles (TP-Lip-MNs). A: Front view of

TP-Lip-MNs; B: Side view of TP-Lip-MNs; C: Electron microscopy image of TP-Lip; D: Fluorescence distribution map of microneedles;

E: Dissolution performance test of microneedles. Scale bar = 500 pum; F: Force-displacement curve
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Figure 2 Characterisation of skin penetration effect and stability of TP-Lip-MNs. A: Skin recovery experiment images; B: Subcutaneous

puncture depth of microneedles; C: Confocal laser scanning microscopy (CLSM) images of sodium fluorescein reaching different skin

depths via microneedles; D: Stability evaluation of TP-Lip-MNs in microneedles
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Figure 3 Transdermal release profiles of TP-Lip-MNs, concentration-time profiles of TP in microdialysate from rat knee joints and deter-
mination of joint swelling rate in rats. A: Transdermal release curve of TP-Lip-MNs (n = 3); B: Concentration-time curve of TP in rat knee

joint microdialysate. n =6, x 5. P <0.000 1 vs TP-Lip group; C: Measurement of rat joint swelling rate (1 = 6)

Table 2 Main pharmacokinetic parameters of TP after administration of TP-Lip-MNs and TP-Lip. n =6, x + 5. P < 0.001,”""P < 0.000 1
vs TP-Lip group

Parameter TP-Lip-MNs TP-Lip
C, /ogmL' 66.35+ 18.59"" 22.49+2.36
T /h 1.42+0.20 2.50+0.00
AUC,,,/ng-h'mL" 156.80 £37.04™" 68.31 £5.92
AUC,_/ng-h-mL" 205.44 + 42327 86.04 + 14.80
t,,/h 242+0.72 271+1.02
V,/FlmL-g" 6341.58 £ 1538.92 17 652.61 + 4 593.44
CL/F/mL-h"-g" 2034.82 522.19 4781.78 +937.40
MRT/h 3.25+0.33 3.49 +0.24
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Figure 4 CT frontal, coronal, and sagittal images of the control

group, model group, and treatment group. Scale bar = 5 mm
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TP-Lip-MNs

Figure 5 H&E staining, toluidine blue staining, and safranin O-fast
green staining tissue sections of each group. Scale bar = 1 000 um,
x40
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Figure 6 Determination of serum inflammatory cytokine levels. A: Determination of IL-14; B: Determination of IL-6; C: Determination of

TNF-a, n=6,x+s.""P<0.000 1
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Figure 7 Determination of biochemical indicators. A: Determination of ALT; B: Determination of AST; C: Determination of CRE;

D: Determination of BUN. n =6, x + s
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