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Abstract: Triptolide, as a key active ingredient in the traditional Chinese medicine Tripterygium wilfordii, has
shown significant potential in the treatment of kidney diseases. This article systematically reviews the research
progress of its application in the treatment of kidney diseases, covering chemical properties, pharmacological and
toxicological mechanisms, and targeted drug delivery strategies. In terms of pharmacological mechanisms,
triptolide mainly exerts renal protection through multiple pathways such as protecting podocytes, inhibiting
inflammation, and anti fibrosis. However, its significant toxicity is a key limiting factor for clinical applications,
involving complex metabolic pathways, signaling pathways, and cellular processes. To enhance therapeutic
efficacy and reduce toxicity, researchers have developed various targeted kidney delivery systems, such as delivery
systems based on coupling technology, nanoparticles, polymer micelles, liposome modification, and derivative
strategies. Although positive progress has been made in current research, in order to ensure safe clinical application,
it is still necessary to further elucidate its pharmacological and toxicological mechanisms, and conduct long-term
toxicological evaluations of existing strategies for enhancing efficacy and reducing toxicity. These works will
contribute to the scientific evaluation of the clinical application prospects of triptolide and lay the foundation for its
translational application in the treatment of kidney diseases.
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Figure 1 Structure of triptolide
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Figure 2 Summary of the pharmacological mechanisms of triptolide in protecting podocytes. NOX: NADPH oxidase; TET2: Tet methylcy-

tosine dioxygenase 2; P53: Tumor protein p53; ROS: Reactive oxygen species; BDNF: Brain-derived neurotrophic factor; Nrf2: Nuclear

factor erythroid 2-related factor 2; HO-1: Heme oxygenase-1; IL-15: Interleukin-1 f; IL-18: Interleukin-18; TGF-/: Transforming growth

factor-#; Smad: Small mothers against decapentaplegic; NF-xB: Nuclear factor kappa-light-chain-enhancer of activated B cells; GADD45B:

Growth arrest and DNA-damage-inducible beta; TLR4: Toll-like receptor 4; Wnt3a: Wingless-type MMTYV integration site family, member

3A; ZO-1: Zonula occludens-1; NEPH1: Kirre like nephrin family adhesion molecule 1; ASC: Apoptosis associated speck-like protein

containing a CARD; NLRP3: NOD-like receptor protein 3
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Figure 3 Summary of the signaling pathways involved in the
anti-fibrotic effect of triptolide. Ski: Sloan-kettering Institute proto-
oncogene; PTEN: Phosphatase and tensin homolog; Akt: AKR
mouse strain thymoma proto-oncogene; mTOR: Mechanistic target
of rapamycin; PDK1: 3-Phosphoinositide-dependent protein kinase
1; PI3K: Phosphoinositide 3-kinase; CARD9: Caspase recruitment
domain-containing protein 9; p38 MAPK: p38 mitogen-activated

protein kinase
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R R EACT SR AR R4 . Huang FIF K
T HFRAS M I 9N K R (folate-modified pluronic F127/
P123 nanoparticles, FPNPs), AJ il i iR 52 4R/ T 19 N
T A 1 R 20 PR AR N, 3 P B I B R e K 2
i B I 8], BEAR S B NE L R A G B D Re TR
B, RIS 0 35 DR I B AR B R Ge# . Deng 25040
KT E R % T B R AN A R A TE A
i H 25 1 R R G Kok (TP-MINPs), FA B Bk fr
A7 — 1 U AR 1 e 00 S AP 245 0 i R TG ) R
PRAG TR & ) TP-MINPs A ik 25 FEAIC /R /)N B L7 LI
JR 2% 0 ) M M ERKAS S IE 8 vE 10, H/N R
) A I /KT B R A B B R AN e B d e 2 B 3
A, TR R S B e B B AR ] & U IR R ik e 74 I

K EEAK, CD4Y/CDS U H S o Liu 2R AL IR
(polylactic acid, PLA) A KRR 0y B 23 B FH 3R (R ik
BATELEE . AR TR N B IR R TR A B R AR L, B0
PLA 9K URL n] J 5 B A~ e R 0B Btk KN A
i, FE R (0.6 mg-kg™), IXFEaA MR . Guossl
Wit T — PG 4R R G TL-N@TP, &5k T =
2% 5 1 AN B 8 3h BE AL I PEG-PLGA L9, FI T &
IR SR IE . AR & BE6E S 17 52 8 T O e 4
TE 2V E 145 (acute kidney injury, AKI) 7N B B0 'S /NE
i, B A PR R BTE TR, B 200
g T ThRg. i E % IR 8 (biom imetic high-
density lipoprotein, bHDL) Jlif 5 4% K ks ief ik ' 45 1
T 1S AT SZ 3003 16 B /N b R Al A AR
SR RE . Rk, ¥ EE A RE R R 5 ek e A
A3 bHDL YN K AR -, $E [m) 326328 JF 4 97 R0HH B3 56,
FEANTRINE 1 W95 /) SRS o o Rk b W 454, SR
Rk . bHDL 3Rk H A 5 1 A il 1 Pk R4
AN, IR PEIC T B AR R EED.
43 ETREVRRAZHERERS

JRE A AR 22 G0 P S5V R A e /K b B T AR
(R0 K 2% JI TR 465 440, 4 245 ) 0 R TE B AR 1 B /K A O HR,
T ST 24 1) v 28036 36 AN ET A R R . Xu 2R R T
—FE ST AT R EAVIR AL RS (TP-PM), 7]
3 2 1 S L ) R VE B IR I VS 1, BRI LY Y MDA
Ko Yin S I R K A i £ B R A TR RN
I A5 1 VR A B 2 e IR R (FA-F-127/F-68-TPL), 14
A0 ot FFF Je 200 i B 1 S 2 4 i, A PN 4R RUR AL TR
2y, FLRT I B 2 TR G 25 9 7 K B R 476 B
HORB BRI S IE I e B, et RIT.
44 ETREREEIHRANERE RS

U Jof A 2 — o ey B8l IR XL 1 J2 ) R ) 40 K 0 B
W, BRI L8k 2 H bR . Yuan S5
UK T AR R AR A 3,5- 00 FbE A SR K R R 2
(TRX-20) 1&1fiflg F i (TRX-LP), 3t —# F PEG5000
& (PEG-TRX-TP-LP), P %E K FAE 1y 7 ) 9 25 it
(IR A RN SR RZEMEER. BTFHLS
RIEAM RS S, SARRFSMNEARERER
AH L, PEG-TRX-TP-LP 7E A& 4M AT 45 2040 il LPS 5l 3 11
40 B JiNO AT TNF-o, 57 H S 3 P 28 1F
& W PEG-TRX-TP-LP A %08 5% T F6 1 ' 95 K B0 i
AR, o 7035 R | I3 RE [ A (9 2 1 AE A Y
Atk tabr, HA 580 B2 K.
45 FERTEY

BT BRGNS 24555 Ui, QiDL 2- A AT R A
DNRESEALIR, B AR R AE AR, A T — RS K AR
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() 2 Tk F R AT AR - A TR T 3 ZE B (triptolide
aminoglycoside, TPAG). 57 /A i H Z AH L, TPAG &
7t 6.94 £ 11 B JIE 5 25 A0 13.96 4% 19 15 ¥ 32 B
I 1] . L Ah, TPAG X IR K B2 7 HE B 4 ) £ 4 1R
Mo 5% AT RN Z &5 2, TPAG X T
FVAE B 58 G0 () B 1t g5 /), I S5l 35 B ARSI 0 JHF U AR 4 928
RGEMHENE . Kim SFDTFR 7 — PSR A R

Table 1

FTA) 14-BRH1BE 5 A W BR8N 2 (PG490-88), 1] ik & %
R MR 75 5 1) AKT /D> BRUSE 2R g 1f PR 3% 40 I LT R
/NERBEFEE, ML AT e PRI p-ERKGE ERAH G . 75
ON TR R BRI 1) T 0 R G A A LR 1

K2, T TR ) IS R SRR N BRI A
i R 2 B BRI B LT R AL T 2 MO R B, e
N T RIS R 5.

A renal-targeted triptolide drug delivery system. TP-LZM: Triptolide-lysozyme conjugate; TPS-LZM: 14-Succinyl triptolide-

lysozyme conjugate; TPG: Triptolide-glucosamine conjugate; GSHPD: GSH-modified PAMAM-TP conjugate; TPS-PF-A299-585:
14-Succinyl triptolide-PF-A299-585 conjugate; TP-SLN: Triptolide-loaded solid lipid nanoparticles; FPNPs: Folate-modified pluronic F127/

P123 nanoparticles; TP-MNPs: Triptolide-loaded magnetic nanoparticles; PLA: Polylactic acid; TL-N@TP: Triptolide-loaded TPP-LZM-

anchored nanocarrier @ TP (or TP derivative); TP/BIBF-bHDL: Triptolide- and nintedanib-co-loaded biomimetic high-density lipoprotein

nanoparticles; TP-PM: Triptolide-loaded polymeric micelles; FA-F-127/F-68-TPL: Folic-acid-decorated pluronic F-127/F-68 mixed micelles
loaded with triptolide; PEG-TRX-TP-LP: PEGylated TRX-20-modified triptolide-loaded liposomes; TPAG: Triptolide aminoglycoside;

PG490-88: 14-(Succinoyl-glucosaminyl) triptolide; PF: Peptide fragment; PEG: Polyethylene glycol; PLGA: Poly [lactic-co-glycolic acid];
BIBF: Nintedanib; FA: Folic acid; TRX: Triproline-modified and X-shaped structure

Drug delivery Route of

Type L . Preparation method Advantage Ref.
system name administration
Conjugation  TP-LZM Parenteral Developed via chemical conjugation Suppresses inflammatory responses while [46]
technology administration technology exhibiting low cytotoxicity toward normal renal
cells
TPS-LZM Parenteral 14-Succinyl triptolide was conjugated Enhanced targeting delivery efficiency; [47]
administration with lysozyme to generate the conjugate intervenes in I/R animal models at ultra-low
concentrations, with minimal hepatotoxicity and
no adverse effects on the immune or reproductive
systems
TPG Parenteral Triptolide was conjugated with Effectively ameliorates renal injury and [48,
administration 2-glucosamine via a carbamate bond to  suppresses oxidative stress, while exhibiting 49]
generate the conjugate significantly lower toxicity toward the liver,
male reproductive system, and immune system
GSHPD Parenteral Composed of generation 5 Enhances renal accumulation and intracellular [50]
administration polyamidoamine dendrimer chemically — uptake, provides sustained therapeutic efficacy,
conjugated with triptolide prodrug and and markedly restores renal physiological function
glutathione
Nanoparticle- TPS-PF-A299- Parenteral Synthesis of a targeted delivery system  Enhanced anti-inflammatory activity, reduced [51]
based drug 585 administration based on the human serum albumin cytotoxicity, and preferential accumulation in
delivery peptide fragment PF-A299-585 the kidney
TP-SLN Oral Triptolide was incorporated into solid Features sustained-release properties, promotes [52]
administration lipid nanoparticles to produce the absorption to enhance therapeutic efficacy, and
triptolide-SLN formulation maintains low concentrations in non-renal tissues
FPNPs Parenteral Folate-modified nanoparticles Improved kidney selectivity, prolonged drug [53]
administration residence time, reduced acute tubular damage
index, and diminished toxicity to the kidney,
liver, and reproductive system
TP-MNPs Parenteral Mesoscale nanoparticles loaded with Monodisperse with uniform particle size, [54]
administration triptolide were prepared via excellent kidney targeting, prolonged drug
nanoprecipitation retention, and reduced hepatic, reproductive,
and immunologic toxicity
PLA Oral Using polylactic acid nanoparticles as Reduces nephrotoxicity [55]
administration the carrier
TL-N@TP Parenteral A cascade-targeting nanosystem Attenuates oxidative stress and inflammation, [56]
administration integrating triphenylphosphonium- effectively restoring renal function

and lysozyme-functionalized PEG-PLGA
copolymers
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Continued
Type Drug delivery R(,)u,te Of_ Preparation method Advantage Ref.
system name administration
TP/BIBF- Parenteral The anti-inflammatory agent triptolide Attenuates renal injury, ameliorates renal fibrosis, [57]
bHDL administration and the antifibrotic agent BIBF were and markedly diminishes overall toxicity
co-encapsulated into bHDL to obtain
co-loaded nanoparticles
Micelle-based TP-PM Parenteral Triptolide-loaded polymeric micelle Increases acid phosphatase activity and reduces [58]

system administration  system
FA-F-127/ Parenteral
F-68-TPL administration loaded with triptolide were prepared by
the thin-film hydration method
Liposome PEG-TRX-TP- Parenteral Triptolide was loaded into
surface LP administration 3,5-dipentadecyloxybenzene

modification
technology

Derivative TPAG Parenteral

administration donor and triptolide as the glycosyl
acceptor, the triptolide aminoglycoside
derivative was synthesized

PG490-88 Parenteral

administration 14-succiny! triptolide sodium salt

hydrochloride-modified liposomes and
subsequently PEGylated with PEG5000
Using 2-glucosamine as the glycosyl

Water-soluble triptolide derivative:

serum MDA levels

Folate-decorated mixed Pluronic micelles Superior tumor-suppressive efficacy, high renal [59]

excretion without premature drug release, and

an excellent safety profile

Prolonged blood-circulation time, intensified [60]
immunosuppressive action, potent

anti-inflammatory effects, and markedly

reduced systemic toxicity

Increased kidney exposure and prolonged mean [61]
residence time in renal tissue, with a significant
reduction in toxicity

Significantly reduces blood urea nitrogen, serum  [62]
creatinine, and the extent of renal tubular necrosis

5 RESRE

AR AR TE A R AR B E T A 2
—, 2 M0 AR PR DU S Ak B R AT R
77 B KB SEIRAIE S, S DN AT TgAN 25 ik v 5 U %
TR T VR TT LB . SR, I R A A ATS 52 9 R 25
BRI, 5 3 11 PR B 1 5 I K I M R I B B ik = %)
JUE 905 A PR e AR S BT R AT . TR B, ARG
W 7 32 A v 7R T e 281D B U B v s 1 R G U T
DA o R A 7B FR 2R BT IR ) = PR . X 6 244758
1K D7 VA R S 5 T A T R AR 00 B DR e 2k, T
PRI THITHR, BERRE AT RES S RE
A AR B R R

FEAR K, BEE— BRI Ak H 3R A B AR
VB B 5 5 7= A 3 M OB RORS T ML, B ROORVE
HLAERE B NE AN 2R Y, R A0 RN BN
R A A ) B AR AR B R DA 5 I 4 1) TR AR AR
F o ANl B 3% RG0S R 0R B2 R R
P KR AR AV S 1 R A b, () INF AR AR 208 B 1
A S 7R (48] 4t pH iR 2 W ROS Fi) B 45) FlEL 2% 2 Th R
W FEE 6 IR 6

SRR T, B o R R B AR B U YR T I e B
HACON T R B AT St R BRSO HL
WHIT, % J1FF R BIE B B, I H ™ 8t HE 1 I IR
A TAE, B R 3R AR A Ay B A I A 1) 35
2y, B A RO — R B BRI R E S R iR T
2.

e BTAK: 5B B LRAR  S Rs JTRS e

SR S5 B
FUREEE: A EH P IAFEAE M 28 h R KR
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