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Abstract: Objective To investigate the renoprotective effects of natural hirudin on hyperuricemia-induced renal injury, and to

elucidate the underlying mechanisms with a focus on the nuclear factor-xB (NF-«kB) signaling pathway and M1 macrophage
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polarization. Methods SD rats were randomly divided into seven groups: control group, model group, allopurinol (positive control,
30 mg-kg™") group, low, medium, and high-dose hirudin groups (0.266, 0.533, 1.066 g-kg™"), and hirudin (0.533 g'kg™") + NF-xB
pathway activator (activator 2, A2, 5 mg-kg™") group. Except for the control group, all other groups received model establishment by
ig administration of potassium oxonate (0.75 g-kg™!) every morning for 5 consecutive weeks. The drug administration groups received
corresponding drugs by ig administration every afternoon at the same time as model establishment, while the control and model groups
received ig administration of equal volumes of 0.9% sodium chloride solution. Renal histopathology, serum inflammatory cytokines,
M1 macrophage polarization, urate transporter expression, and renal transcriptomic profiles were evaluated using hematoxylin—eosin
(HE) staining, enzyme-linked immunosorbent assay (ELISA), immunofluorescence, Western blotting, and RNA sequencing,
respectively. Results Hirudin exerted a protective effect against body weight reduction (P < 0.001) and pathological renal injury
(P < 0.05, and 0.001) in hyperuricemic rats, as evidenced by reduced degeneration of renal tubular epithelial cells, infiltration of
interstitial inflammatory cells, and deposition of monosodium urate (MSU) crystals. Hirudin significantly decreased the serum levels
of interleukin-1f (IL-1B), interleukin-6 (IL-6), and tumor necrosis factor-o (TNF-a), and inhibited the infiltration of CD86-positive M1
macrophages in renal tissue (P < 0.01 and 0.001). In addition, hirudin exerted bidirectional regulatory effects on the expression of on
urate transporters, characterized by downregulation of urate transporter 1 (URAT1) and glucose transporter 9 (GLUT9), while
upregulation of organic anion transporter 1 (OAT1), organic anion transporter 3 (OAT3), and ATP-binding cassette subfamily G member
2 (ABCG2) (P <0.05, 0.01 and 0.001). These effects of hirudin were attenuated or completely reversed by co-administration of NF-
kB pathway activator. Transcriptomic analysis further demonstrated that hirudin partially restored hyperuricemia-induced dysregulation
of renal gene expression, with differentially expressed genes significantly enriched in the interleukin-17 (IL-17) signaling pathway,
NOD-like receptor signaling pathway, and epithelial cell differentiation processes. Conclusion Hirudin may protect against
hyperuricemia-induced renal injury by inhibiting the activation of the NF-«xB signaling pathway, thereby negatively regulating M1
macrophage polarization, mitigating MSU crystal-associated inflammatory responses, and restoring the homeostasis of renal urate
transporters.
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signaling pathway; nucleotide-binding oligomerization domain (NOD)-like receptor signaling pathway
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rats (X £s, n=6)

b, ZKUEZR A e e 2 B i e e £ A o e 3
FTHE (P<0.001), HIRAKIEZ T, &7 E A )
BT RE B R 5% HUA BEAY K B4 =31 K2 R
BV HE Yt WS EoR, SRS NEREEH
SERE, /NG LR ANHHES RS, TR LR
B o AR ) SIS ) SR O N
R e, R P R R R S VR AR
B[]0 A E A IR G 22, I n] WA IR BT E TR 45
P MSU SRR . SERAAEL, 7Kg ZAK
WL AR E NS LR AR K f s AR P 2
ANFIFERE DR, 18] 5T S 40 IR I k2>, MSU gk
DUBGER 4R/ B, HpkKigERd. &l
PRSI  BHINEEE IR B AR TR
BB BLEAR KRR+ A2 S IEA M2 HE B0 f

KIZFEN HUA BB KR BIEEES A). FRE B) RBIHFERG (C, X200) BN (X +s, n=6)

TN CGERR AN SKIE R A, RINE
INEIRER TR AR /N, SOREAHMIRIE X MSU
LSRR U YRGB

BB B A Rk — b BT EIRR
PR o B A B AR VT o3 BN B2 3 T (P<
0.001); S, KERM. . SFI=ELT
I BERE (P<0.001), HEBFEMM. 4558
PR, JKIEZE WG R HUA BB R RUBOIRES,
AR B SO B AR A, FLOR R e 7)1 i
o
32 KERFTBRRREEEARIA

WE 2 fir, SxTiRgthig, A2 E
OAT1 F OAT3 HHRB/KFHEFRMIK (P<
0.001); SR LR, KIS 2 A W T il
OAT1 5 OAT3 Fik 25| EAH KT =1 (P<0.001);



"3620- HAIEFI0H 20265108 {;""‘?‘*‘rﬁf ER Drug Evaluation Research Vol. 49 No. 10  October 2026
OATll | S E———— . |6_2X104 15 - 1.0
0.8 -
0AT3|_"_' ——--—|6_5X]O4 g , »
*¥%
URAT1| — T S S C— — — |7_0><|04 % % 0.6 - s
e <} *k A
G — e — — |]0X10* T 04 -
AB(,(JZI —— — ] g g: "
GLUTgl — D — — — — |6,9><104 02 -
GAFDHl - G G G . G S— |3'f’xl04 -
ol BEL5ETR0.266 0.533 1.066 HI'E AKig# o B AE740.066 0.533 1066 1B KIEH
T AR 0.266 0.533 1.066 HIIE AIER m = Al eklgie! # A2
KEER(gke?) B A2 :
1.2 7 08 12 -
1.0 .
- i 06 i} o
5 08 1 AL g *hk 2 0.8 - *%
< sk < < exs
g 0.6 ik % 04 5k g 0.6 - e we
= FFF e (] M
;5 04 -+ % #Ek B 04 -
= <02 4 R =
02 7 AAA T 02 1
i i
0 0o 4 0 4
HEREBR0266 0533 1066 A% AKER FHR 002660533 1066 I8 AU S B 002660533 1066 VB Ak
m%‘(g-kg-l) A2 Mi!(gkg ) i 4A2 7}@@?/(3‘1(3 y B A
AL #P<0.001; SEAMILLE: "P<0.05 “P<0.01 "P<0.001; SKiEZEFHELLLE: “P<005 “°P<0.01 “*“P<0.001.

##P < (.001 vs control group; “P<0.05 **P<0.01 **P<0.001 vs model group; “P<0.05 ““P<0.01

& 2

#44P<0.001 vs hirudin medium-dose group.

IKEEZ X HUA REKR B REFFZR ZEARIEHETER (X &5, n=3)

Fig. 2 Regulatory effects of hirudin on expression of renal urate transporters in HUA model rats ( X s, n=3)
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Fig. 6 Transcriptomic analysis reveals reversing effect of hirudin on renal gene expression profiles in HUA model rats
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