< 2740 - 2% %4k Acta Pharmaceutica Sinica 2025, 60(9): 2740-2751

BLBRAERNRBARGERERMEREEXT RAIERNFIMHRER

ZYW', FHE, K &, M AT

(L. HE R 2 TR B G A T, AL 1000535 2. 7 HP R 24 K558 = Im R s 2 e,
J7ZR T 510006, 3. AV OREE — B R R, HrEE A 832008)

FHZE: 15 A B 3R (triptolide, TP) J& —F Ui T 87 2 BE (03 11 il 43, HA B2 P RGEPE T % (theumatoid
arthritis, RA) EH . WFFERBH, TP B 0] 2 Bl JERE K - (41 TNF-aIL-18IL-6 55) B3Rk, K HE TR P 58 T4
AEF o AE G d% 5 7T, TP ] LLE I I ST T 40 B A0 A P40 20 i 25 G 928 40 B 1) 375 28, 1) 8 E 2F e I 0 /b 21 43 35
5. BEAh, TP IR BEHS 8 1L I 15 NF-xB JAK/STAT Fl MAPK 25 % 4% {5 Sl i, ##1 RA H 5S4 3 iR gl L i 3958 5 12
28, IR DT IR o AR, T 2N R B AT AR AR AR T R R S A, K ) AR AR AR R . AR, B AR EAR
MR E, TP YUK E L RG MR FORHTNHA . RADAPKRRL SN WL AR L) R G B BL ORI AR TT R, K
RO T 5 AP 2 IR T7 3R . B, 5628 5 20 T 32 I 4R A4 LR T HEAT A2 46, T LA S LTE RA JE Hi AL
FARE I RETICRE 70, SRR HEIB I . IR, 992K 3K 24 R GUids RE % A8 K TP (144 P 0F BRI 1], 9/ B30 S B, 5 302036 RA
BRI AR . 45 BT, TP R H YK 24 R G07E RA V6T I R AT 50 I, R SR 70 187 4k SR 2 AL AT PR .
FH, AR 51T 2 Bva T R L0 1 R

SRR TH A 2 BB IE T A 9K AR 2 R g MERINLH (5 5 e B 40 ) i ik

FE 525 R943 RRFRIZES: A X EHE: 0513-4870(2025)09-2740-12

Triptolide in rheumatoid arthritis therapy: mechanistic
breakthroughs and nano drug delivery advancements

AN Kai-li', LI Yang-bo’>, ZHANG Ru’, YANG Hui"”

(1. Immunology Laboratory of Guang'anmen Hospital, China Academy of Chinese Medical Sciences, Beijing 100053,
China; 2. The Third Clinical Medical College of Guangzhou University of Chinese Medicine, Guangzhou 510006,
China; 3. The First Affiliated Hospital of Shihezi University, Shihezi 832008, China)

Abstract: Tripterygium wilfordii Hook F (TWHF), specifically triptolide (TP), is an active compound derived
from the plant with significant anti-rheumatoid arthritis (RA) effects. Studies show that TP exerts potent anti-
inflammatory and antioxidant properties by inhibiting the expression of several inflammatory cytokines, such as
TNF-a, IL-1p, and IL-6. In terms of immune regulation, TP modulates the activity of immune cells like T cells and
neutrophils, reducing inflammation and tissue damage. Additionally, TP can regulate multiple signaling pathways,
including NF-xB, JAK/STAT, and MAPK, to suppress the proliferation and invasion of synovial cells in RA, thereby
mitigating joint damage. With the advancement of nanotechnology, the development of TP-based nanomedicine has
gained attention in recent years. Innovative nanocarriers, such as polymer nanoparticles, exosomes, and inorganic
nanoparticle drug delivery systems, have significantly improved TP's bioavailability and targeting capabilities
while reducing its toxicity. By modifying the surface of these nanomaterials, their ability to target and release TP at

inflammation sites is enhanced, leading to more precise drug delivery. Moreover, nanomedicines extend TP's
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circulation time in the body and reduce early-stage toxicity, thus improving the therapeutic outcomes for RA. In

conclusion, TP and its nanomedicine formulations show great promise in RA treatment. Future research should

continue to explore their mechanisms and clinical applications, offering new perspectives for the treatment of

rheumatoid arthritis.
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WA KL AN IR T LA K B S5 2 Mgk il R4
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FHU S B A TR F 3R AR B2 R GAE S RIB P Y
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Figure 1 Triptolide nano drug delivery system and its mechanism
of anti-rheumatoid arthritis. FLS: Fibroblast-like synoviocytes;
ROS: Reactive oxygen species; RNS: Reactive nitrogen species;

TNF: Tumor necrosis factor; IL: Interleukin

B & 1 BEORYE T rh R4 i B 1 B B (neutrophil
extracellular traps, NETs) Ft =", A4 060 40 B A A ot
R J5 Z G010 B 2L RS 7, 1T LA 43 WA B IR - R Tl
NETs, 7 ¥ 8 RA 3k Jig o & 5 AR AE M. Huang
SRR I, TP 3@ I 175 5w M s 2 P O O A ek 2 Hh v
AN MIZ I, DA KA A 4 D E R NETs B Rk 28
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PR PR WL, R BAE R E AT E . 2 3 & Fh
411 B D51 5 () SRS, Treg 40 AT RE % 46 9 B0 P Th17
Y H, A5 5 7% 53 A0 S0 R 3 (signal transducer
and activator of transcription 3, STAT3) /&% 5 Th17 &
B WG 5 4 1 20 B B 0 B OB T 1 R R
Wang 5PR I, TP i@ T IL-6 7 5 115 54 S M
STAT3 i IR Ak 5K 3 il Th17 /% 4L f1 IL-17 K ik . Xu
SRV I, Treg 40 B AT DAY /D 551 40 B 2 4k A WAL,
1M TP YA 97 AT DL ok 388 0 IL-10 F0 &% 46 A4 K I - 81
(TGF-B1) 173 WA 5 Treg 40 ML )6 45 FH
1.3 RRATHIEB RN R E 1L

B A 4 R T L 41 M (fibroblast-like synoviocytes,
FLS) 1y 2% 15 3 J5 A ) 3 B0 e 25 A, 76 RA F 5 2
TR, RIS BB G AR A DT e ¢
hiE T B FLS 1) 5 3 38 58, T3 50 DNA H 34k (2 B
AU 7 0, WO SO 28 R (T 3= 0 B A 1 S s A TR
T, A 3RS UL AL B, B S 98 E VAR AT R AL TR

b T FLS IIRFEETE AL, 5 35050 B 43 7 R0 58 o B ot g o
R IA A8 L T R AR N BCE R Y. Piao S50
MELH|, TP & Z 34| 7 FLS M2 2T #, JFRILT
TS AR R A INITTES=S I 3 87 A O S iy
(collagen-induced arthritis, CIA) K B A% 7Y (1) 9¢ 5 48 E
RFVEBEIR . Xie ZEPTUE B, TP @ ik #0i H We, M #
il H R4 B 3L 20 P 5 4 R AR A 3 TR P A
1.4 X5

RA K5 401405 B R I 22 4, n 5 15 i T L b s A=
RS R AT DL 35 PR ARG I A 3 1 R I A
SZ AR R B TR KRS Ak, TP AT LA 1 s 41 A
JROEa A B -, DT k2 ot 3 I 280 L R840 L P 2
U051 S 40 B ) i A 5 Ah, SORE M ST
e R 2 B 4T B P TS 51 A 1, R A L A R
Wy ge, BT o b ER R VA RRE TR, R BT (o
LR E M K) PR IR 5 . RA B8 35 B 2 R
WACB T ok o R A R SRR ), XK S B AT
KATALTE . RA B R E-E LA RN
“IE BB S ) ARAE R BRI E AR, TERCE 1R
ok, RN BWERE BB Liu PR L, TP AL B
R TR A M A, A TR A X R A
WaJE ik, HEAFERE I ES .
1.5 HXESERNIET

TP AJifiid NF-«B.JAK/STAT.MAPK.cGAS-STING
J RANKL/RANK/OPG % % 44 {5 5 18 4 1 75 RA i 48
KT, RSCHN % T UL A RRMENE 588, ik
HAE LS (E2).
1.5.1 NF-kB NF-«B /& RA K E 14 FI SS9 IR 1)
BT R T, H R TGS RA H IR I SO 1 A
T S 1 R R A AR Tl 3 DI AR 5P . NF-xB & H
WA T 4 AN e S B Rel 45 IR (1, IX R
B — AN R (W kBo) PR EA R IE . B &
NF-xB Ui, IxBo B 8 14 )5 1% 8 E AR R A IRIOR
IX AN L K NF-xB B2 41 f 4%, T30S 5 RA
AHOG B LA, 52 A RA I R #25. TP wl LARH 1k
NF-xB M 2§ it %% # 21 41 f 1%, $01% NF-xB 5 DNA [
ghE, Mk b 98 5 Rl - 1) B R A s MR 3Rk . 1X
b0 1 VE F A BY T 0806 RA 38 1 51 20E R X U,
ik 2% 9 3 P, Bk Ab, Song SFPIE T W 4% 24 B A
4y X4z, W 1 TP IR YT RA e & 48 fl. fih
7% B TP w] DL ) 58 AE 41 A 8] 1 38 %, 201 NF-«B.
RANKL/RANK/OPG /% Il % W Bz 4 & [ ¥ (vascular
endothelial growth factor, VEGF) & . 1X L 5 & ) i B
¥ B2 Th1 A Th2 40 H « 56 20 PR L B 2T 24 40 B A P 3z 48
J B, TE R RIB R R P R EE EEMER .
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Figure 2 Five signaling pathways regulated by triptolide (TP) in rheumatoid arthritis (RA) diseased joints. dsDNA: Double-stranded
DNA; cGAS: Cyclic GMP-AMP synthase; STING: Stimulator of interferon genes; cGAMP: Cyclic GMP-AMP; IRF3 : Interferon regula-
tory factor 3; JAK: Janus kinase; STAT: Signal transducer and activator of transcription; circRNA: Circular RNA; IKKy: Inhibitor of nuclear

factor kappa-B kinase subunit gamma; [xBa: Inhibitor of kappa light polypeptide gene enhancer in B-cells; p50: Nuclear factor kappa B

subunit 1; RelA: V-rel avian reticuloendotheliosis viral oncogene homolog A; RANKL: Receptor activator of nuclear factor kappa-B ligand;

RANK: Receptor activator of nuclear factor kappa-B; OPG: Osteoprotegerin; MMP: Matrix metalloproteinase; TRAF: TNF receptor-

associated factor; INK: C-Jun N-terminal kinase

Xiao ZEPV I RA K BRIl TP AT 1G4 7 4t A [ 1
TNF-a.\IL-6.COX-2 &5 [1] 7K V-, Tfij iX L& 28 i [5] ) 4
RiEAF FH A6 T NF-«B 5 5l % . thoh, IL-17A @ 5
IL-17RA 2 E &4 &, TG T8k Actl, BUE
IKK & &), 3155 NF-«B {5 5% . Zhang 5 R I
TP A1 3% 3% & Al LU i IL-17/NF-xB {5 5 3 4, % 40 i
SEFEFIE T AR W R A

1.5.2 JAK/STAT JAK/STAT 15 5 7E il 5 % 55 Al
i S N R A B AR, AT A0 3 AN A 2 Ak
AH G I 2 IR VN W JAK 1% 20 R Vg A1 STAT % % 1R 1
JAK Wl 8 1 32 8 25 G B0 JAK, 35U STAT BB AL -
STAT3 Fi& Tt i 2= 30 ) B2 77 M 40 R B8 T3 5 I P
T2 T2k, BT RA-FLS IR T, S B RA H i 1
JEPT, circRNAs A& — J5 37 4 ) RNA, Wang 2% i
e I & T S GO 43 it 75, WA circRNA 0003353 72
2 5 RA JONE [ B 1) OB . i ik S0 M 42 R B, TP Al
81t circRNA 0003353 #1 p-JAK2.p-STAT3 £ ik, B
ik p-JAK2/JAK2 .p-STAT3/STAT3 Fbff . It 4h, Lin 25
FI I TAK2 411 771)/STAT3 #3i5 FH it 71) AZD1480 V6 97
FLS. SZi4s 38R, AZD1480 2414 p-JAK2 . JAK2.
p-STAT3 Fll STAT3 [ 514 7K F- LA J2 FLS B M58« 1X 3R
B TP W] LLIE 3 410041 JAK 2/STAT3 {5 5 3 %, 411441 48 12k

YU 1 RIS A FLS 3458 .

153 MAPK 22 % J5 35 40 & B W i 5 5 2%
(mitogen-activated protein kinase, MAPK) 7E i 75 RA
HBEAT PEOCHTRE IR R R G BEE F, A 2 A7 3, W
p38 MAPK.JNK fil ERK % . p38 MAPK = % H fitd 4
JRE R T, R AR T AR 2 AN A RE 4 R R 1 A
Wy INKH e H R Ve 7 E AT LI T RA FLSs 112 28
I Jie JE 8 () A L, 5% RA R Pk ) R . Wan 551
SR FHY it AT U 7 A5 50 R ) 4% 24 3 52 7 1, 3R T TWHF
FE RA 11 43 58 s AR FIBL A, FE 2R AT s PR 52 0
KRB . 45 FukS¢ TP A i B 4 g
M1 53R F B RIE, i p38 MAPK %5 48 i 5 5 il %
(3o B WG, AT A3 RA ST S0, [ 52 fo Ja 2R 148
Wang Z£WHF 7 & B, TP $305 5 SHIP 6 i 75 K1 4H
SCWERR L 3G 5, 10 SHIP 388 3o Ak B (10 B SR 1
T MAPK I i H P38 BRIk . Yang 251 M %% T TP %}
RA FLSs 1% 2217 A [ 52 W, & I INKCRF 53 4 40 1] 57
SP600125 A] LAJ& /> RA FLSs 3L #2112 28, 7 HAE W
TP BH I 7 INK MAPK (#3035, BH 1 7 INK 38 #% (1)
AL -

1.5.4 cGAS-STING ¥} GMP-AMP & R Biff Il 34 T
e & 5 5 i B (the cyclic GMP-AMP synthase
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stimulates the interferon gene, cGAS-STING) & — #f
DNA &AL, A7 57 1 30 A0 0 2 40 i P9 225 18] 4 L ok
A FVAR A W ok U5 1) X E DNA (double-stranded DNA,
dsDNA). 7ERA 1, 4415 B GL B B B G ) B 55
5 3 DNA M4 i A% it s 21 40 i 5T, B0E T cGAS-
STING i@ ¥, k1M, cGAS-STING {5 5 J# i i it 5
A2 TR IFN SR, N 40 I R A 2 3 H 44 1078 B 112
TE M1 Y B 20 A A DA B RS 2T 4 248 A e 1B 4 Y
¥, M 2 5 RA R AERUR ™, Xu 2SR B, TP
A LA FLS 20 i 28 AE X 5 ¢ 7%, I H &35 FF (K FLS
A1 cGAS M STING £ H &k K-F, HAE - B 5
BH T cGAS-STING {5 Sl B A K. AP, XuZEHTT K
T RS A0 cGAS-STING Ji % ) M1 [ I 48 fifd B2 7] Ji2
WFDL@TP. 7EMI1 E VR b, B TP 2 A Bt &
A 4 7 (8 F, W] B R I ¢GAS A STING £
H )k, AT K TNF-o IL-158 F1TL-6 [ 43
1.5.5 RANKL/RANK/OPG  # it P 5 7 1) & B 3R
& RA S5z Mt 7 (0 p AIE, 3% 2 FHREC 1 40 D 1 300 5]
(RS T BB 4 B A T R A RE AL 2R, i R U
M S . AR A T RO R T -B
(receptor activator of nuclear factor kappa-B, RANK). i
& %% 4K B 35 7 (receptor activator of nuclear factor
kappa-B ligand, RANKL) Fl'H5 {£ 4" % (osteoprotegerin,
OPG) A7, RANKL 5 RANK 45 & i, n] il i fi
40 HL B R 4y 4k, OPG A 3@ I 5 RANKL 3% 4+
RANK K BH 155 Wi, DAL H OR & T2 S B RO 2 TA)
3N . Liu5EC R, TP 2 3E T 7 CIA /MR
RANKL AT RANK {33k, JF Liff 7 OPG [3&3E, MM
E I I e 17N P o AR A= 2 D1 5 A o - Y g o
A E§ (matrix metalloproteinase, MMP) #& 2 5 7 4]
J A o A2 28 A e A 1) T B ER F B, 7E RA B T
W R RIE . £ MMP [#U47 F, RANKL £ (7K
fift £ 5 SRANKL, 117 SRANKL = 2 3 i {1 2 it B 41
P A= RS T AR R T R IR AL, M RA %715 9 E MV
JI5% 15 A= 45 ok BRSO, Lin SR B, TP @ i P& A%
FLS A 5 21 ffg o TL-1.1L-6 AT 41 iR 3% B2 5 ) R ik
K, J) 98 i 515 1 MMPs [ IA, T 90 661 s -7 &4
R A2 o
2 BRBRMKBARS
2.1 REWRKL

FEWINKHL (polymer nanoparticle, PNP) J&$5 H
RIR A B BB 5 MDA L 1) 26 1R 9 K TR, B A 4
Iei) Vv S 24 D A v AR E PRI SRR R RN
PSS, DA T 8 A 2 Bl IR Y R 5 0 R 7 e 4 AR a7
B, [FJ IS 1 — 2D 4R va 24 ) 338 126 RS R R AT I P,

i 07 PNP #EAT Dy REAK i, 5 WL IR o400 SR s A7 R 1HD
B % =58 25 48 Ve T AR e 2 A v h . Hor, R
[HAE M (41 PEG KA 8 [m) BC AR 3L 0 156 wT AL
ZEANZISE S St SR e Biibe i S A S
LB K 25 0155 5 SR T 0w B A PNP AT UG A
[F] 40 L (W1 pH A I B2 VROS FIOGEE ) A H AR L)
W) S8, DT S5 3R A5 0 A KR 1 2 A

2.1.1 ZREEIFEIPNP  PNP# N AT 2 M KRR
G R G AR AT B, 05 TROBE L R AR
(polylactic acid, PLA) A1 H & H%F. Zhang ZE5 0@ K
AW R S5 R B 52K (carboxymethyl chitosan,
CMCS) Bk, il %& 7 TP %1% 118 °F & (TP-CMCS)s.
CMCS J& —F b 2 P 1) 7 SR, i 99 47 ri A O B, ]
DATRE G AN R0 200 i 25 44, I BHL Lk 15 1 400 i R R P 2
ARGR TP IR H . AT B AR AR W AH B 1 AR
HRSCA & BRI RF A, ROK M 2 A TP 175 3 1) 4H it 4100 o 1
YL T, S B R AR AL UMR . Ak, PLA B
B0 R 2 P AR A A R T A e A, At T o 24
B MR (Food and Drug Administration, FDA) #t#
HT IR, 26 & RGP KB RENE LM K.
Liu 25595 i 7 — 5703 TP 1 PLA 44 K i ki (TP-
PLA-NPs), H T B 1697 Ve 7 561 2 R BRI Bt & AE
Flo 45 R, TP-PLA-NPs XV 7 14 5615 % 45 0 .11
LA 5 JF HLRE A 25 25 1) (8] R SE K, TP 75 PLA 99K
TRTURE F PR A A/ B T8 A 28 7% H BUR R TS 5, B e )
FR) o R R TROR o i ) 22 18 R T o

2.1.2 #Z-FLEMPNP R p-B AW (poly-y-glutamic
acid, -PGA) Jfe — M BA & ERKE Z IR &), B
A R AR ) RE 7 VAN T AR W B AR, R A TE A4 Y
64 B il N E R IR, R/ TR 2H 2 T IR A #
PR, T p-PGA B SR K MM & 2 7 U, E RS 1E
YK RORL R THTE % — 2 OR3P 52, BE T A BB K IR 52
LA TE BRI AZ - 58 45 0, KOR$E i 1 KA R 259
FE . Zhang PR p-PGA 2 R A AR — M
TEEERIR, Wit 7 — AT B R U TP 40K RUKL (poly-
y -glutamic acid-grafted di-fert-butyl L-aspartate hydro-
chloride with TP, PAT). R& &M M T LR 5
PGA it 3 I Jlie A e 2T i 1 A i K 2 0 % 1Y) PGA
LR, XM B K G5 1 45 5 (R K MR PGA R B 2%
B 7K () TP, J& 30 LR AR 5 1) 42 B R e, e 6 76 1R N 22
18R I TP, /b 5B % S Nz, [R) I A7 R G2 i T R
AR A0 B BN 55 IE SRR IR . B 4b, Zhang S5
Wit 7 — R LLy-PGA B R R L L BE LR (L-
phenylalanine ethylester, L-PAE) %1% TP (44K 254 %K,
{4 [y-PGA-L-PAE-TP (PPT)]. L-PAE{FE Nii/KIEESy,
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5 PGA HIZE/K LR S5 256 TE BOPI SR TR 9K kL, 60,
TG K YEZ5 W) a0 TP, 28 30 w45 1 25 WD R TBUAT 9 o
JF H, PPT &2 PR 1 TP 51 i ) 40 i 25 1k A 4 A 2 33
SSE, HAT RIF AR VIAR A L G2 BERR 1M AT pH W B2 1E
2.1.3  RIFNERE PNP 0T Bk PNP RE 6 78 5
E F AL AR S PR S5 R BETCZG W, S RS VEE 1) 24 P R
JRE RA B [ S K pHAE 29 6.0, IXANERPE K
R, WG T R GSE AN L5 408 3 281 JR) 3 9 0 5 1 41 44
(9 pH bR FE AR 259 . Li S0 st Beit 7 —Fh e T
i% B 1R (hyaluronic acid, HA) f1Z=4 40 5 p- & L B
) pH BUR AN K 22 B il 5T 2 A AR, 1 1) I 4
AR AT R 2B S H pH RIEGIR 24
FE TR PR 558 b RS, (3 Vs il A 0k a6k, 398 5 4 L 1A A
MPLRBR . ZRGEAUE A T 2590 14 A 0 A I
[, 34 S5 35 G SR OGS AAY Hh ) SR S AT
BB, RN 1R A BRI RFIEA RS
Liu 2880t 1 — B0kt TP 3 36 78 B T ISR ik B L R Y
oK) 4k K 4 B (polyhedral oligomeric silsesquioxane-
polycaprolactone-pH-responsive poly methylaminoethyl
methacrylate, POSS-PCL-b-PDMAEMA), % #1 K} 7£ 55
PR IAEE T BE 00 il K 25 WD RE T, BE 1) RA JORERTT, H
A B E TR RIBCR, A REK T 4YHE
PR GRS TR] o Li SR B 2= FL#E (galactose, GDR)
Wit T — Fh 44 K Pi ki (GDR-triptolide, GDR-TPT).
GDR-TPT UL W 40 g 9 48 s, 35 pH BRI B A 4
AT RS A E R . R R R RS
GDR ##5, JK TP dst Horr . 383 GDR 5 ELWE 2 i
Rt ARG &, Tl RAEFAL, JRAERR IS T
R, SCOLZ5 ) AL 7 3% . GDR-TPT REWS A7 2%
I8/ JRE HAL (4 T 40 B AN W 40 B3R, 410 1) 9 R 1R
F TNF-a.IL-6 F1IL-18 HI5RIA . BLAb, W 5 S 4 44
KPR E H T 2 G WA b, mT DAFE RS 2 i
NIRRT A AL AR . Li S8 1R
R — R B PUR VECR DRI G LT AR A SR AR
)L 5 W) 82 40 K A1 B} (TP-DL-lactic-co-glycolic acid-
Au@arginine-glycine-aspartic acid/hyaluronic acid, TP-
PLGA-Au@RGD/HA). H 1, HA H T B 5B 1) 2
VIRETBCRR I, S 2L A SRR AT T B0 <5 0 K OKE 7 2 JRj
AR, {2 2 TP M 94 K BiRL S 8. TP-PLGA-
Au@RGD/HA FJ A 2088 B SR A5G T5 2 /0N Bl 1 RO
AR, IR 61 F A2 R AL S WAL R (mammalian
target of rapamycin, mTOR) & H Ji&#) p70S6K 1 [ i 2
1k, BEFRARRA BT AERETS 401 H) TR AR 28 e
2.2 b

B A K UKL ) e Bl FH AN A2 1% ) 1) 0 A 3

PR B A, BEAS 1T TR K . A A
(exosome, EXO) & H 4l i % R 43 Wb 21 48 40 24 555 1)
JE &5 /NI, FLAT I R AR ) o e 1 R FUR = A2 )
FHAS LTS e 2459 L4 3 3 ) EXO Hh i) i K A 8L,
A DA B A ) 26 A, I HL R K 32 81 24 4 1) A8 1tk A
0] PEC, Tiang ZE M RA AT 4E4T M (human RA
fibroblasts, hRAF) 143 & #h il & (hRAF-Exo), 14 J&
B4 TP LAAE B L2 AN ih & (hRAF-Exo@TP). S 45
JAE 5L, hRAF-Exo@TP Xf RA %5 48 #5407 R 3 H i 3 1)
MR, JF BN RA JET 24 41 A P 385 B 0% 4 A 410 1)
TEF . A, B SR 40 (dendritic cell, DC) KI5 41
AR (DC-derived exosomes, DEX) 7E 44 Py 8 0] DL ik $%
PEEADC. Rao S5 Bt T — il DEX &} 2% TP (¥ 4h
WMAFS KL (dendritic cell-derived exosomes-TP, DEXTP).
45 R W], DEXTP f£ 14 I e 47 240K TP 4% 7 % DC,
I8 45 i 9 R RA /)N BRI J5) 31 2 5 A4 4%, IF HL TG W
BEM. Bb4h, DEXTP & ] LI HI DCE AL, 55 DC
JAT, HE 153 T 40 S s d ) .
2.3 THAKRERARS

TEHLY K 25 R 4t (inorganic nano-drug delivery
system, NDDS) & —FF| F TEH LA KA B E AR ARk i%
RLMINNAR L 25 2 58, BA RIS T DDA i i LA
SR AR AT SR . oA A L = S BE (mesoporous
silica, MSN) 92K KL 111 0 — R TE WL AL M99 K4 R,
BA RO EE 2 AR AN m] 8 5 A LAR S i, Bk TH &)
T4 2 RECH A B RE B, 1X {815 MSN BRI AT 2L
A2 M2, JF HAEAR NI A B8 2 4T R I AT RE
Wu SR T AR A AL RGN K R G
(MSN-TP@polydopamine-glucosamine, MSN-TP@PDA -
GleN). ¥ TP HEHE A FL B AL REG K kL T, 72 H
£, 78 pH UK 1) 5 2 % (polydopamine, PDA), Jf 7
PDA b 44 R IR 7™ 1) %1 % B % (glucosamine, GIeN).
ZANKRGIEK T TP = B, B8 T C 18, 32
& 1 TP A X AE WA FH S . MSN-TP@PDA-GIcN 7E
WRANRIR A A RAFRIHTRAER, 7T LA B 52 0T
i, I BA 2 EH L5 . Zhang U TH T — Fb
(MSNs@cell membrane penetrating peptide@miR-30-5p,
MSNs@CADY @miR-30-5p) I5] 5 MSNs@PCM
@TP B A PR R Al AR miR-30-5p #1171
& 1B A0 0 7 57 R AS i 1 A AL SR A 4 K RO
Hh, S 1 miR-30-5p #0055 R 4H L A A6 1 RE s K TP
BB 1-1 DY A0 25 4 1 A 22 44 B} (phase-change
material, PCM) H 78 ) MSN 1, ] % H MSNs@PCM
@TP. . PCMs & — i H A BRI IR, R 1%
MSN ] T LA 5 AL 2B A fil & . 7E 808 nm
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Bk B4 T, MSNs@CADY @miR-30-5p 41 il 7] 55
MSNs@PCM@TP [RJIA5 4 FH AT LA i) e JE 3 B ) A
P RO, AERR I B AT 420 M i AR B, B RS
RA HIRITRUR .
24 REVKR

FEWE R (polymeric micelle, PM) & 5 — Ff 2§
BVDK L R G, T H KR B R B R

LY. B BA SRR SN ST KRR N Z, a8

TERK TR G R T BB, W] DO 25 W #EAT AR 4F (1)
BT Xu EEIFR T — MREE H ] cGAS-
STING J& % 17 M1 5 105 4t ffa 8 171 fiz R FDL@TP . ¢ it
% (folic acid, FA) A1 B #: & (lauric acid, LA) 7E 45 g ki
it L BEA7 18, 15 2 55 A (folic acid and lauric
acid modified on dextran, FDL). [ 5% TP {23} FDL
W, J£ i FDL@TP 44 K Jii 3R . FDL@TP w] A #E 7] 5%
7, B SR M1 R i b o 208 iR A2 44 -b 6 TP 4
P A5 H, (R gak 2 TP o IR 22 AN R S Vo #E M
B 2 B b, R TP B AT 0 48 M G 2 00 1) 751 1) A
F, AT LB &R i cGAS R STING 2 [ [ 1k, M 4
Il TNF-a IL-18 F1IL-6 ] 73 Wb« 4 A 3 C X RRHLA I
12, AT A i 4 R 2 2 S A B 1) 0 RIS 1, DR i
AAMAL AT LiEPBRE 7R iR R CAiT A
YD 1-PUIR ML ER KA AR BR TG (ascorbyl palmitate, VP) Jy 5%,
TP ) 4% K JI)X # (TP-VP nano particles, TP-VP NPs).
TP-VP NPs GE 45 % K i IL-18.IL-6 Al TNF-a /K °F-, #l
A A AN AL ZRBE A, DS CTA /N B A2 R AR A HE
5 TP AHLL, TP-VP NPs & A7 R4 i) JHF I A0 B, S
2RI B O TR P RN R U R S R B A
2.5 KB

TP AETIK, BXS NESA RG A EiE, Bt
ERK EIERETT 2N .. &84 % RS (transdermal
drug delivery system, TDDS) /& —F A W 5] JJ 145 245 1%
12", TDDS (1 F 645 b5 & L AR B B 1
TR 25 2 AR 250 A I DR 25 1125, 7T BLAT 2L
i TP I FEME AN R R . Wang S T —Ff 67t
TP 1) 0 50 25 22 BRI FE TR BN /K Bk X (sodium alginate-
3-aminophenylboronic acid-tea polyphenols@TP, SPT@
TP), fie % AR Wiy J52 0 775 B RA A 85 v i & 7 ROS .
I BB IR AE I R s W 24 5, W) DASL B BK &4y
[ EUeE, BEM AT A B . I ROS AT A=
G TP RN, X R KBEAR T TP 7= AL 3 M 1 X
o RAJHAL ST 54T 45 2 2 446, MO 5 i 7
AR SAE R TR BB EH . Ren 57y 7 —Fh
DL 2RI 7% & A (human serum protein, HSA) {F i 44
KHAR, A5 A3 R TP M 2- S-N(6) - 24 13 3 I

(cyclopentyladenosine, CCPA) 41K & & /Kt X (TP@
HSA NPs). %4 2 RS HE ) 45 245 Pt 48 24 ) AR 40Ut
A B AL, H TR BURE € B R . 25 FRIE I,
TP@HSA NPs-ccpagel fie B 5l 38 50 7 AL AL R 4H 9/ 250CR,
FHXF RE B R A4 B B R B PR IRE R AF AR .
Xu ZEIF R T — MR B 1 2K TP /K% (TP-hydrogel-
thickened microemulsion, TP-MTH), 7E 7L 1 3& il
N TKEE i H R 7, B B A L R B v R BB 1 S A
R, ORI T 7K g i 1 38 8 25 SR R 32 w3 25 W) ) A e
R ER¥T B RE /7. 45 AR B, TP-MTH 1] LAAE J5) 6 Bz Jik
R R m 2GR S, I HR I H IR A 4 2R B 4,
ANLE N K Ik b 0 52 3] S 1 ] 36 P R TR B 5
2.6 LKA

YK g i & (nano-liposomes, NL) +2 H1 28 flg it (21
W i) % R RV 45 0, N IR IRk A AZ O AR B 2 24
W, AN E TR XUZ . NL &5 4 [RFE 2 A nl A& 1
A DAF RO BAA A FRFRPERE 9K PR, 4
TE RA RIS FE o R 4% B AR, iS00 RA M T B
2 g 2= T = K IR R 52 4K B (folate receptor B, FR-f).
Guo SR T —F ¥ [ FR-B 11 1 BRAZ 15 1 TP i
& (folate-TP-liposomes, FA-TP-Lips), MM % 4= R
VHIT RA. Z5RE N, FA-TP-Lips B H W B 1 #CE R
HAIGT R AEF, T8 RT LA R0 ) A 48 P ) AR e B
Ab, BRI AR R DLZE K TP 7R N B 2R, H 5 e TP 4
ML EML . FFE, Zhou W& T —FHF
4 B TP 1 M BB & Ui 1) 49 K g B 4K (FALips/TP).
FALips/TP # i M1 Wi 41 g A1 A M1 2] M2 S B () 7
WAL B0 Y, 75 ATA K B R B 2 35 2 = VR T
ROR AV BRI . A P SLEG 45 R R B, FA-Lips 7£ AIA K
R A 2R P 28 0 2 0 R I H B ) I R AR R, T DLaE
I B A0 A S AR AL SR RA ) 9 RE B8 M) VR 97 -
2.7 [EMARE BRNKBAL

i g 5T gl K Bk (solid lipid nanoparticles,
SLN) & H [ 7 1 i o2 il 2% I 9 K 320 R 4, HA 1R
ANCFRTHRUK 3024 & v R0 S AR AR TR S e tE . 24
WA S A A4 I o R o, R AR AR T AR LT
Li SE05 0F 7 — FhAE A 5] 5 501 N VE S AL R
TP ) SLN (TP-SLN), H T8 97 ATA % 5 28 5C 37 %
BT 20719 i A I 29 A R VG, BV ST Bk
Ji PN TR TP 2 #0375 B, T SLIN BT DA 3k 43 1 W Bt
PPV IR M b, 3800 25 Wi B N TR), A R AR T ATA
B IR B S R E A E A= . RN, B NN E AR
%) 22 A 1 A 25 AS B 4 A AT B 0 %) B 5 A 1A
DR T TR T A4 M 2 i T P B B RO A 1Y
Ik, Xue SR T — B A7 B TWHE (1 [ 44 A5 i 49K
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Wikl (TWHF-SLN). fff 78 45 B 3% 8], TWHF-SLN 7 5]
HEC K RS 718 77 I 22 /K 58 U T s #4 T 4k
FIAEFA RE 77 00 A8, XF TWHF 5| k2 (1) B 4 A 5 5 1 A
FFEE 1 B LRI VR, RIS 3958 1 TWHF bt 2808V
2.8 HREEMIRE RE A

4K 45 K4 g i 254K (nanostructured lipid carriers,
NLC) & £ SLN e fili ik — 25 & @ 18 JIg Jog 44 K 44
FH ] 4 JI Joa A0 A i o VR G 1) 2% T Rl . 5 SLN AN A,
NLC A K FD 35 7 i i O 25 44, A8 H: b SLN R A B
e 00 28k 24 B R B R0 PRV TSR 1, e 8 I TR R S
JIE 5 EL A SR R T 2 B R TBUE 2 . Lin ™0k 7 —
TP Wk 5 52 & W 94 K 2 25 & 4i (TP-phospholipid
complex, TPCX), 1 i 3% F7 45 25 V3 J7 RA K B A8 K

Table 1

. TPCXJE TR ANKEZL R — P, H
BN T E AR R SR, AR A W,
5 0 RA KB EITAEH . SEEG 45 RER B, TPCX
3L T TNF-0 IL-181L-6 7K P41 1] 28 0 SN, 8%
JE I K ek g O g e, B RO BB O T AR
o GuZEBNIF % 7 —Fh TP 47030 16 490 K 45 460 I o 4 44
(TP-NLCs), ifiid TDDS ¥397 RA. 45K B, TP-NLCs
A A JRE G JEF B 55 — S B AN B Rl s B PR AS R, (7]
IS} 40 3% TNF-a IL-18 A1 TL-6 7K1, W S5 9l %8 1 5% 1% 7K
Jifr, BT 30 RA J0E FIE o

gk LRTIR, AR, B A BRYUK IR RATERA K
I B R T EAT T ORE IR, TEIR M A 7E RABE
) R 07 T B R (B 1, & 1.

Triptolide related nano-drug delivery system. CMCS: Carboxymethyl; PLA: Polylactic acid; NPs: Nano particles; SESD: Sponta-

neous emulsion solvent diffusion; PAT: Poly-y-glutamic acid-grafted di-ferz-butyl L-aspartate hydrochloride with triptolide; PGA: Poly-

y-glutamic acid; PAE: Phenylalanine ethylester; PNPs: Polymer nanoparticles; POSS: Polyhedral oligomeric silsesquioxane; PCL: Polycap-

rolactone; PDMAEMA: pH-responsive poly methylaminoethyl methacrylate; GDR: Galactose; PLGA: Poly(lactic-co-glycolic acid); RGD:

Arginine-glycine-aspartic acid; HA: Hyaluronic acid; NIR: Near infrared spectrum; RAF: Fibroblasts; DEXTP: Dendritic cell-derived

exosomes-triptolide; DCs: Dendritic cells; MSN: Mesoporous silica; PDA: Polydopamine; MSNs: Mesoporous silicas; CADY: Cell mem-

brane penetrating peptide; PCM: Phase-change material; FDL: Folic acid and lauric acid were modified on dextran; VP: Ascorbyl palmitate;

SPT: Sodium alginate-3-aminophenylboronic acid-tea polyphenols; HSA: Human serum protein; CCPA: Cyclopentyladenosine; MTH:

Hydrogel-thickened microemulsion; FA: Folate; FALips: FA-liposomes; SLN: Solid lipid nanoparticles; TWHF: Tripterygium wilfordii

Hook F; TPCX: Triptolide phospholipid complex; NLCs: Nanostructured lipid carriers

Main preparation

Administration

Category Nanoparticle . Advantage Ref.
technique route
Polymer TP-CMCS Chemical conjugation  Intravenous TP-CMCS have better biocompatibility and [55]
nanoparticle degradability, while reducing the immunogenicity and
potential toxicity of TP
TP-PLA-NPs Modified-SESD Intragastric TP-PLA-NPs showed a significant anti-inflammatory [56]
effect, and the anti-inflammatory effect was gradually
enhanced with prolonged administration, exceeding the
equivalent dose of free TP
PAT Self-assembly Intravenous PAT has a small average diameter, high drug [58]
encapsulation efficiency and drug loading, which can
continuously accumulate in the inflamed joints
y-PGA-1-PAE-TP Self-assembly Intravenous y-PGA-1-PAE-TP enhances TP permeation and retention  [59]
effects, which has controlled release properties
TP/PNPs Nanoprecipitation Intravenous TP/PNPs are able to release drugs responsively in the [61]
weakly acidic environment of inflamed joints
POSS-PCL-b- Nanoprecipitation Intravenous Passive targeting of drugs in inflamed joints is improved [62]
PDMAEMA method by enhanced permeation and retention effects and pH-
triggered drug release
GDR-TPT Chemical conjugation  Intravenous GDR-TPT prevents drug leakage in neutral or weakly [63]
and physical self- acidic environments, whereas rapid drug release occurs
assembly binding in acidic endosomes/lysosomes in inflammatory
environments
TP-PLGA- Physical adsorption and Intra-articular TP-PLGA-Au@RGD/HA realizes NIR-triggered [64]
Au@RGD/HA chemical crosslinking  injection controlled release drug release through the photothermal
conversion function of AuNPs to achieve photothermo-
chemotherapy combination therapy
Exosome hRAF-Exo@TP Electroporation Intra-articular As a kind of natural extracellular vesicles, exosomes [67]

injection

have good biocompatibility and low immunogenicity,
which helps to reduce the toxicity of drugs
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Continued
Category Nanoparticle Main preParatlon Adminisiration Advantage Ref.
technique route
DEXTP Co-incubation Intravenous DEXTP can specifically target DCs, alter the function of  [68]
DCs or induce apoptosis of DCs, further change the
differentiation and distribution of T cells
Inorganic nano- MSN-TP@PDA- Templet Intra-articular MSN-TP@PDA-GIcN exhibits sustained drug release [70]
drug delivery  GIcN injection behavior in acidic environments, such as inflamed joints
system
MSNs@CADY Solvent thermal method Intra-articular By combining near-infrared laser-responsive PCM and [71]
(@miR-30-5p; injection; s.c. TP, it enables precise control of drug release, improving
MSNs@PCM@TP (808 nm laser efficacy while reducing systemic toxicity
irradiation)
Polymeric FDL@TP Self-assembly method  Intravenous Active targeting of FDL@TP to RA joints enhances [46]
micelle micelle accumulation at sites of inflammation through
folate receptor-mediated cellular uptake. It is pH
sensitive and can release drugs in the acidic
microenvironment of RA joints
TP-VP NPs Solvent evaporation- Intravenous TP-VP NPs showed good physical stability and suitable  [73]
ultrasonic dispersion particle size. The water solubility of TP was improved
and the toxicity of TP in vivo was reduced
Nanogel SPT@TP Chemical synthesis, Intra-articular The dual dynamic cross-linking network of hydrogel [75]
physical mixing and injection allows it to quickly recombine after being damaged by
cross-linking external stimuli and prolong the release time of TP
TP@HSA NPs- Self-assembly method:  Specific acupoint It combines nanoparticles and hydrogels to mimic the [76]
CCPA stirring and solvent injection effect of acupuncture. Through acupoint administration,
evaporation it achieves sustained and controlled drug release
TP-MTH Microemulsion method Transdermal drug As an accelerator of transdermal absorption, the [77]
delivery microemulsification system increases the transdermal
rate of the drug
Nano- FA-TP-Lips Thin-film hydration Intravenous FA-TP-Lips exhibited significant chondroprotective and  [78]
liposomes anti-inflammatory effects by reducing the cytotoxicity
and prolonging the circulation time of TP in vivo
FALips/TP Thin-film hydration Intravenous By targeting and repolarizing M1 macrophages from the  [79]
method M1 to M2 subtype, it has shown substantial therapeutic
efficacy and low toxicity
Solid lipid TP-SLN Microemulsion method Intra-articular TP-SLN is ultrasound-guided, which can ensure that the  [80]
nanoparticles injection drug is injected precisely into the joint cavity, and it
remains in the joint cavity for a longer time
TWHF-SLN Emulsification Intragastric TWHF-SLN has high encapsulation efficiency and TP [81]
technique loading, and improves the solubility and bioavailability
of the drug
Nanostructured TPCX Thin-film hydration Transdermal drug Transdermal administration of TPCX can avoid [82]
lipid carriers method delivery gastrointestinal irritation and toxicity that may be caused
by oral or injection routes, and achieve targeted therapy
for rheumatoid arthritis
TP-NLCs Emulsification Transdermal drug TP-NLCs can effectively penetrate the skin, and [83]

technique

delivery

improve the encapsulation efficiency and drug loading
of TP, and can continuously release drug

3 RES5RE

TP KGR 25 R GLAE RA VA7 40k i B 28
YEWRIT I 7. AE RN RAR i 2R b &4, TP i@ 2 0 5
£ FI L 41 i 32 NF-xB . MAPK A1 JAK-STAT 4% 5 4 {3
T, AR 28 7R O I T Th17/Treg 44 i ~F
17, WA 285 BEL BRI 65 248 RE 2 B0 S 7, I i3 D% 45 2 2%
R GRS ER. TR MYIKEZ R0 it i
S S0 ME VA R M AR 2 AR B 1 247 Dy, L AR R

FERUAR R TY, () i S B M5 e 240 A 1 A5 L
TSI N PERE 2 . LRI RS TP X RA R &
SE 0861 G B R T K O 5 2 ELAE LA, R
“ZHE SR T SRS, SR ELAT B I B A 1 25 )
MR RYE, 9 RA BUBL TR R YT SR 008 . HRER
B, IUAT R TEAE S DDA A A A8 1 R K )53 B Y
W IT ISR o e ST T B B B e R
B, R G 9K R RGN I ML, IF
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R ST KL Bt B 7C B0 PR A0 B SRR, O B B S IR
TR HETR T S (L BT AR LR 7 5

{EE STHK: LN 2547 1 9 B S0 5 LR IACAR S A 43
5 LU K 5 R KR R WS 1B G MR
ZICE M TN P {E 2 B3 F AT 440

FUREHE: AT EH FHUIAEAER 2 ph KR
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