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Hypericin alleviates podocyte injury in diabetic nephropathy by inhibiting the NF-«<B
signaling pathway
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[Abstract] Objective-To investigate the protective effect of the natural compound hypericin (HYP) on podocyte injury in diabetic
nephropathy (DN) and its underlying molecular mechanism. Methods* A total of eighteen db/db mice were selected to establish the
DN model and were randomly divided into three groups: the model group, the db/db + HYP low-dose group (db/db+HYP-L, 1.5 mg/kg),
and the db/db+HYP high-dose group (db/db+HYP-H, 3 mg/kg). Additionally, six db/m mice were designated as the normal control
group. The following parameters were measured in mice from each group: fasting blood glucose (FBG), insulin (INS), total
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cholesterol (TC), triglyceride (TAG), low-density lipoprotein (LDL), high-density lipoprotein (HDL), serum creatinine (Scr), blood
urea nitrogen (BUN), urinary albumin-to-creatinine ratio (UACR), as well as levels of inflammatory cytokines, including tumor
necrosis factor-a (TNF-a), interleukin-1$ (IL-1p), interleukin-6 (IL-6), and monocyte chemoattractant protein-1 (MCP-1). Renal
pathological changes and podocyte ultrastructure in mice from each group were examined by hematoxylin-eosin (HE) staining,
periodic acid-Schiff (PAS) staining, and transmission electron microscopy. The expression of the podocyte marker Wilms tumor 1
(WT-1) in renal tissues from each group was assessed using immunohistochemistry and Western blotting. The protein expression
level of nuclear factor-kB (NF-«xB) was also measured by Western blotting. Human podocyte lines were cultured in vitro to establish
a high-glucose-induced podocyte injury model. The experiment was divided into five groups: normal glucose (5.5 mmol/L glucose,
NG), mannitol (5.5 mmol/L glucose+24.5 mmol/L mannitol, MA), high glucose (30.0 mmol/L glucose, HG), high glucose+0.05 pg/mL
HYP, and high glucose+0.20 pg/mL HYP. Cells were harvested after 48 h of incubation. The protein levels of WT-1, phospho-NF-
kB p65 (p-NF-«B p65), and NF-«B p65 were determined by Western blotting. The mRNA expression levels of inflammatory
cytokines (TNF-a, IL-1p, IL-6, and MCP-1) in human podocytes across all groups were measured by quantitative real-time PCR
(qPCR). Results:Compared with the model group, HYP administration significantly reduced the levels of FBG, INS, TC, TAG,
LDL, Scr, BUN, and UACR in db/db mice, while significantly increasing the level of HDL (all P<0.05). Concomitantly, HYP
alleviated podocyte injury in db/db mice, as evidenced by a marked reduction in foot process effacement and restoration of a comb-
like alignment of the foot processes. Both in vivo and in vitro studies demonstrated that HYP upregulated the expression of WT-1
while concurrently suppressing the phosphorylation of NF-kB p65 and the subsequent release of NF-«kB-mediated inflammatory
cytokines (TNF-a, IL-1p, IL-6, and MCP-1) (all P<0.05). Conclusion*HYP alleviates podocyte injury in db/db mice, an effect that
may be attributed to the upregulation of WT-1 expression and inhibition of the NF-«kB signaling pathway, leading to reduced

expression of downstream inflammatory cytokines.
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FEZAK 4 (Toll-like receptor 4, TLR4) /NF-xB il {# |-
4 B 40 Mtk L 2 M1 56 X 1 (B-cell lymphoma 2-
associated X protein, Bax) ik, % T 2 40
T2 Ak, A0 NF-xB {5538 % 7] e R 3477 DN
YRS Z—

feg i 2 S G B 2280 05 IREEPEAY R
M, BUAAE DNIRYE B TR B 8 A 0
G226 % (hypericin, HYP) J& M4 228k )@ i 4 b i
B —Fh KRG Y, WZEGEEERA G, Ak
W ARG T (ue e, R — Rl RO R
HYP HAHUIIAR . PUimse [ 46 A2 o B b 5
(human immunodeficiency virus, HIV) | KPUhiEssE
PR BEE RIS AEA & B HA R
MR RE . PLR S ZAEM . R, HYPRER
U845 db/db /]S BE 240 B 4 S AT B A L A WA
R, A5 @57 db/db /)N B DN T I 2 b5
S AN GRS, B HYP XS DN 2 20 i 1
S S HAEHIL

1 HE5h5E

1.1 SeEEhdr. A b 1L 3%

18 FUiEN: C57 BLKS/) dbldb /N, (J RS2 AR5 )
Fire Hdbim/INE, 6y, PRI H30~35 g, AFEIL
G AR RRAT], AP R SCXK. (97)

Vol.46 No.1 Jan. 2026



% %%

2022-0016. /) EURIFR T8 PR IX ol BE BE Y SPF 2 sh )
By o FHVEATIES M SYXK (37) 2022-0002.
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#E 11 -1 (monocyte chemoattractant protein-1, MCP-1)
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7K (periodic acid - Schiff, PAS) YeWi (FILFELEIRK
YR A RAF), Hil =8 (triglyceride, TAG)
i &, BAREEE (total cholesterol, TC) M%E ik
Fl &, mEENEEE  (high-density lipoprotein, HDL)
el & . IRE R M (low-density lipoprotein,
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h 1 H X BR A db/m. HYP 45 25 07 s0 KR 2 % M oG
SCHR T, TE R R A4 R AR L N RS T AR RR A A
PHERKIE v, WRReR 2y, 128 .

¥ HPCs 43 & 1E & ¥4l (5.5 mmol/L glucose,
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Geoh, POl R AT EURE R s B RN 3 %
H,0, %W, ZEMFE 10 min; PBS ks, FILE4R
PEMIGE ], I 10 min J5 B £ 2 AWK TH
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Tab 1 Primer sequences for gPCR

Gene Forward primer (5'—3")
TNF-o GGCAGGTTCTGTCCCTTTCA
IL-1B8 CTACAGGCTCCGAGATGAACAAC
1L-6 ACTCACCTCTTCAGAACGAATTG
MCP-1 CAGCCAGATGCAATCAATGCC
B-actin CATGTACGTTGCTATCCAGGC

112 Hil*#Jiik
K JH GraphPad Prism 9.5 A BT 5 Se 1150 #7
A IEAS W e m OB D xbs oK, Z41[H ) 22 5+

FLAE AR 2R T 22000 s AATE IES 7 248
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Ji, F4°C, 12000xg 7% T &0 15 min, Fifi)5$2 0L
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B e B S AR ] . fd ) BCA 5 7 i) &k
FPEE AT & . SR S B R T LA,
K, GeRE. B —PURE . ZPinE . sEik
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NF-kB p65 & 1A H N o ff ] Image) 2K {450 Hr, HL
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JREEM” 18 B E E AR ik E
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111 SR E HE PCR

B 22 48 Wi F (1 HPCs, i F RNA $2BURH &
$2 WOE RNA, 40 1] fz 5% 5% 350 & & 1l cDNA,
qPCR JZ W & & 20 pL: SYBR Green Master Mix
10 uL, W54 (10 umol/L) 0.4 pL, FiF514
(10 pmol/L) 0.4 pL, #EA cDNA 4 uL, ddH,0 5.2 uL.
FL R A s TS PE 95 °C 5 min; Z8PE95°C 10s, 1B
KAEAf 60 °C 30 s, TEIIREL40 K . R 275
TR AR A . BRI YFFIER 1,

Reverse primer (5'—3")
CTGTGCTCATGGTGTCTTTTCTG
TCCATTGAGGTGGAGAGCTTTC
CCATCTTTGGAAGGTTCAGGTTG
TGGAATCCTGAACCCACTTCT

CTCCTTAATGTCACGCACGAT

FRERTRLM (0, 0,) F£in, HEMKLE
(Kruskal-Wallis) PEATZH 1] Fb4E ., P<0.05 F/Rm2Z 5 H
HEit=aE L,

Vol.46 No.1 Jan. 2026



2 ZR
2.1 HYP {E db/db /) 5UE EFTHPCs W %) 5y

o5 & /N BB i bk 5 HYP (5 mg/kg) 4 h
S5, i BT R AR 2 HY P AE B v B AR

L 2Bk AN NF-«B 55

R R R A | 47

F, TR R R R, 4878 HYP B AT R 52

P (® 1A, B, P=0.021) ., # — s & M
(KBl 1C), HYP X REWS ¥ HPCs #EHL, 7F 6 h F 4%

o i, PN HORTREAE R AN R A E A 2y
HVER .
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Note: Fluorescence intensity in the organs of db/db mice at 4 h after intravenous injection of HYP (5 mg/kg). A. In vivo imaging showed fluorescence

intensity. B. Line graph of background-subtracted fluorescence intensity in various organs.

HYP in HPCs at different time points (x200). Scale bar=20 um.

BEl1 &2METEdb/db/NRBREFI HPCs HHIS 70
Fig1 Distribution of HYP in the kidneys of db/db mice and HPCs
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P=0.021, compared with the heart. C. Fluorescence intensity of

2.3 HYPRHIK 1 db/db /NEINS K-, 8% HbiNG

R AL

SIEH XTI L, BRI B IS INS ZKF-
TR, FBGHZEE T 11.1 mmol/L, TC, TAG.
LDL B & F+#, HDL R (K3, #P<0.001), 5
RUZAAHLL, 2 HYP THiG, 441/ B INS 7K &
FBG M & [ {% (& 3, P=0.003, P=0.027), TC,
TAG. LDL{H FF#&, HDL{E T+ (&3, P=0.032,
P=0.006, P=0.017, P=0.002).
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0 L . . L ) 0 L . . . )
8 10 12 14 16 8 10 12 14 16
t/week t/week

Note: HYP reduced water intake, urine output, food consumption, and body weight in db/db mice. A. Water intake. B. Urine volume. C. Food intake. D. Body
weight. "P=0.007, ?P=0.034, ?P=0.023, ©P=0.042, compared with the model group (n=6).
2 db/db/NEAERFCHIRE M S SHEE S

Fig 2 Dynamic multi-parameter analysis of diabetic metabolic phenotypes in db/db mice

A B
1000 - 0 40 1
_ o db/m
~ 800 T30 -=-db/db
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g ® £ g0t v db/db+HYP-H
(=Y
S 00| S i
£ 200} 2 10r
o o —8—=0
O Q» O 1 1 1 1 J
Qv 8 10 12 14 16
¥ N )&Q L t/week
\0 X
@\6 o
C D E F
6 @ 4 ¢ 5 0.8 20 @
0 _
Sal 23 5067 =7
3 @ S S D
g £ E 1.0
: g2t Eoa} © £
=21L IS - a 2
@] 6 05 F
] el A L
R O\w\a/ T o T
@& & & @ A & @‘é
&0\ &0\6 80\ 6\3\6 80\ &0\6 &0\ &0\6

Note: HYP reduced insulin levels and ameliorated glucose and lipid metabolic disorders in db/db mice. A. Insulin levels. B. Fasting blood glucose levels.
C. Total cholesterol (TC). D. Triglycerides (TAG). E. Low-density lipoprotein (LDL). F. High-density lipoprotein (HDL). ©p<0.001, compared with the db/m
group; ?P=0.003, ©P=0.027, “P=0.032, ®P=0.006, “P=0.017, “P=0.002, compared with the model group (n=6).

B3 HYP Tt db/db /s BAERE R A9 Z 00

Fig 3 Effect of HYP intervention on glucose and lipid metabolism in db/db mice

2.4 HYP Y% db/db /B DS fig T 140 B Ser. BUN K & % T % (Kl 4A. B,
SIEH X IR, FEIZ Y Scr Al BUN i & T P=0.003, P=0.006); SIE& XA, BIAIAR

M=

m (El4A. B, ¥ P<0.001); SHEIZHAHL, HYP UACR K- & T i s SRRV AL, HYP 4L
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Note: HYP ameliorated renal function in db/db mice. A. Scr. B. BUN. C. UACR. “P<0.001, compared with the dh/m group; ®p=0.003, *P=0.006, “P=0.026,

compared with the model group (n=6).
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Fig 4 Hypericin ameliorates renal dysfunction in db/db mice
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Note: HYP ameliorated podocyte injury in db/db mice. A. HE staining showed histopathological changes in glomeruli across groups (x400). B. PAS staining
revealed glomerular basement membrane thickness and mesangial matrix expansion in each group (x400). C. WT-1 expression in mouse glomeruli from
different groups (x400). D. Transmission electron microscopy showed podocyte foot process effacement (20 000). Scale bars=20 um (A, B, C); 500 nm (D).
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Fig5 Renal histopathological changes were evaluated by HE staining, PAS staining, immunohistochemistry, and transmission electron microscopy
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o XEH0.20 pg/mL XL FHERHYP X HPCs 1% P=0.009). F&T RSG5, 0.05 ug/mL #10.20 pg/mL
MM HER (K 6A, P=0.037). K5, A1/ HJ& T HYP X HPCs FYTCAH M B PRV BE VL L, — 5T
i 1 30.0 mmol/L =54 4b B HPCs 12, 24, 48, 72 h, B — € W BERE B, (8 T 5 224858 HYP 1 1 = 4
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Note: HYP restored the viability of HPCs downregulated by high-glucose-induced. A. Cell viability of HPCs cultured under normal glucose conditions with different
concentrations of HYP. B. Cell viability of the hlgh glucose-induced HPCs at different time points. C. Cell viability of the high-glucose-induced HPC model after
intervention with different concentrations of HYP. “P=0.037, compared with the 0 group. ®P=0.008, *P=0.016, *P=0.009, compared with the NG group.
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Fig 6 Effects of HYP on the viability of high—glucose—induced HPCs
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IL-6. MCP-1) Fiknyszm, FA TR 7 26/ B ST BARA HYP i3 DN JE 41 68453 10 T BEFILA

LY H JRE - R IRKF, S5 5R R IEH X IR FATKEI T WT-1 2 11 & p-NF-xB p65. NF-«xB p65 &

JNEUML T 4% 48 RE AT (TNF-ar, IL-1B, IL-6, MCP-1) HRIBK . G5REN]: HIEw X A e, BiRld

IR EIEAR, SZA, SRA/NEIE D&KL WT-1 E [ Rk Wb, 1 p-NF-«B
fE I FKE Y 83 B (EI7A, #P<0.001) . 2 p65/NF-xB p65 F ik K1 HH & T (KI8A, 1
HYP T #iJ5, HYP T2/ B i EP%JJLI?E"J P<0.001); SHMAHLL, HYP T B/ 414
KR T (K 7A, #P<0.001). #F—E 1k W WT-1 85 (1 R A B W3 m, 1 p-NF-xB p65/NF-
Hh S5 KW NGéﬁ&MAéﬂ%MﬁEl? (TNF-a., kB p65 E@ tt H & & % K (& 8A, P=0.003,
IL-18., IL-6, MCP-1) mRNA K54, HGA4  P=0.002)., HE—ARMNZK A, 5NGH MK MAZH
JAEHF mRNA K EE (K 7B, ¥ P<0.001). A%, HGZEWT—I%?UJ(BF%ETU?J, fii p-NF-
S5HG4IH, HG+HYP 414% & AE FF mRNA /K- kB p65/NF-«xB p65 L {H & 3% L (& 8B, ¥ P<
B (E7B, ¥P<0.001). RHNAASMEZEZER  0.001); MHG A, HGHHYP 41 WT-1 % H /K F
BIR W, HYP R i K AEH ¥ (TNF-a. IL-1B. B 9%, 1 p-NF-xB p65/NF-xB p65 H{H 2 KM
IL-6, MCP-1) BB, $&7m HYP 768 ¥ 2 240 i 2 0 (KEI8B, #5P<0.001). LI EZ5H$ER, HYP IR db/
Pifih L E AR . db/NEUR AR, AR LEI T RE S EH WT-1 &
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Note: Inflammatory cytokine levels across groups. A. TNF-a (pg/mL), IL-1B (pg/mL), IL-6 (pg/mL), and MCP-1 (ng/mL). ©p<0.001, compared with the db/m
group; 2P<0.001, compared with the model group (7=6). B. The mRNA expression levels of TNF-a, IL-1B, IL-6, and MCP-1. ®P<0.001, compared with the
NG group; ©P<0.001, compared with the HG group.
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Fig 7 HYP downregulates the expression of inflammatory cytokines
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Note: The effect of HYP on the expression of WT-1 protein and NF-«B signaling pathway-related proteins. A. Western blotting analysis of WT-1, p-NF-«B
p65, NF-kB p65, and B-actin protein expression. (P<0.001, compared with the db/m group; 2p=0.003, “P=0.002, compared with the model group; n=3).
B. Western blotting analysis of the protein expression levels of WT-1, p-NF-kB p65, NF-kB p65, and B-actin in HPCs. Quantitative analysis of WT-1, p-NF-«kB
p65, and NF-kB p65. (YP<0.001, compared with the NG group; ®P<0.001, compared with the HG group).
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Fig 8 Effect of HYP on WT-1 and NF-kB signaling pathway protein expression analyzed by Western blotting
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