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Abstract: Objective To explore the mechanism of Wuling Capsules against chronic kidney injury (CKI) based on network
pharmacology and gut microbiota. Methods The active components of Alisma orientale (Ze Xie), Polyporus umbellatus (Zhu Ling),
Poria cocos (Fu Ling), Atractylodes macrocephala (Bai Zhu), and Cinnamomum cassia (Rou Gui) in Wuling Capsules were screened

using the Traditional Chinese Medicine Systems Pharmacology Database and Analysis Platform (TCMSP). The targets of the screened
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active components were predicted via the UniProt and Swiss Target Prediction databases. Disease targets related to CKI and gut
microbiota-associated targets were obtained from the GeneCards and OMIM databases. Protein-protein interaction (PPI) networks and
“herb-component-target-disease” networks were constructed using the STRING database and Cytoscape software. Gene Ontology
(GO) enrichment analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of key targets were
performed using the DAVID database. A rat model of CKI was established by 5/6 nephrectomy, and the rats were divided into the
model group, normal group, positive drug group, and low-dose and high-dose Wuling Capsule groups. After successful modeling, rats
in the Wuling Capsule groups were administered Wuling Capsules at low dose (124 mg-kg ') and high dose (498 mg-kg™') by ig, while
those in the positive drug group were given enalapril (0.5 mg-kg™!) by ig. At the end of treatment, fecal samples were collected from
rats in each group for characteristic analysis of gut microbiota. The mechanism of Wuling Capsules in treating CKI was revealed
through validation by gut microbiota analysis and animal experiments. Results A total of 53 active components and 80 common
targets (drug-disease-gut microbiota) were identified. GO enrichment analysis yielded 488 GO terms, including 321 biological process
terms, 48 cellular component terms, and 119 molecular function terms. KEGG enrichment analysis identified 143 signaling pathways.
Network pharmacology results indicated that the mechanism of Wuling Capsules against CKI was associated with oxidative stress and
inflammatory response. Gut microbiota analysis showed that the gut microbiota composition of rats in the model group changed
significantly, while the species diversity and richness of gut microbiota in the Wuling Capsule-treated groups were restored. After
treatment with Wuling Capsules, the Firmicutes/Bacteroidetes (F/B) ratio decreased significantly. Animal experiment results
demonstrated that Wuling Capsules could improve multiple pathological injuries of the kidney caused by CKI, reduce the serum levels
of serum creatinine (Scr), blood urea nitrogen (BUN), and malondialdehyde (MDA), and increase the level of the renal protective factor
superoxide dismutase (SOD). Conclusion The renoprotective effects of Wuling Capsule against CKI may be associated with the
modulation of inflammatory and oxidative stress targets (e.g., PTGS2 and EGFR) and the remodeling of gut microbiota. These
mechanisms potentially involve multi-level regulation via the “gut-kidney axis”, providing directions for further in-depth research on
Wauling Capsule.

Key words: Wuling Capsule; chronic kidney injury (CKI); network pharmacology; gut microbiota; metagenomics
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AHIME Ser A1 BUN /KB m TR (P<<0.05);

T EFELH M Ser A1 BUN /K- 234K TR (P<
0.05), {HAEZE m T (P<0.05). BRI KR
1f13% SOD /KPR E &4 (P<<0.05), MDA /K

FEEE TR (P<0.05); TSKEELMTE SOD
KPS m TR (P<<0.05), (B4 S Z TR
H (P<0.05); HERFEMIME MDA /K EEKT
R, A ETEA (P<0.05). WK 1.

%1 KEAARIME Sere BUN, MDA, SOD KFEEEE (X +s, n=5)
Table 1 Comparison of Scr, BUN, MDA and SOD levels in serum of rats in each group ( X s, n=5)

2H.531) FlE/(mg kg ™) Scr/(umol L.71) BUN/(mmol L) SOD/(pgmL™) MDA/(nmol L")
xif R — 75.98+6.81 3.15+0.16 192.38+12.22 1.34+0.26
it — 107.46+7.19" 7.174+0.50" 136.40+11.50 4.54+0.39
Edin 4 498 79.24+3.85 3.50+0.33" 170.33+5.62"* 1.80+0.22"*

124 98.35+6.85™ 6.10+0.50" 140.60+11.48# 4144061
IR F) 0.5 75.42+3.93"% 3.44+0.34 171.8442.76™ 1.4540.20"

XA "P<0.05; SHERIAILLE: "P<0.05,
P < 0.05 vs control group; *P < 0.05 vs model group.

322 FAWHIURENE  WIRAR DR B
R INE B TR A SRS I C B, TE R AR 5
R B A LUREAAL R, BN ERARIE R, &
I R B S Y M A, ) SR e Y B
W, BANVEZAEY K E B MR,
B E T R ARG R AL A A SO B e A e
RIHAT e, B /NERIARIE K e R AR A
Pk, B ANETIK R b R A A AR AR R
FTEefit, T2 g v i) 2 1 2H 20 B A R Y
Mo, BANER. B/ANVETRIRRER IR, HAREA
NSRBI G iR Rt G RS O E S

XF g B

Elo REREXBHA

HERFE 124 mg-kg™!

T INE SRR, R A S TR AR T
%, BEHHEAER—EBE. WK 6.

3.2.3  EAERAN Y EES AT o
ZE L 2. Clean Q20 (&4 &T 20 HIBREEFT
i ELD A2 P Kt B B S 98%,  Clean
Q30 (4T 30 MBHE AT d7 b)) 72l 7 £ds
BT B 94% . Hit Raw Reads 2R 46
¥ A Bt (reads) HI¥#; Raw Base (GB) %£/~LL GB
AL Raw reads #iE, I/ IR GG 1) Bl 2k
#1; Clean Reads F/nidJE (i1 FF50D &
IR1GH) reads &= .

AL

H M HE 498 mg-kg™!

LISEERISZNE (HE, X 400)

Fig. 6 Effect of Wuling Capsule on renal tissue morphology (HE, x 400)

®2 RERBNFHIRREES (X £, n=6)
Table 2 Metagenomic sequencing data quality control ( X s, n=6)

Raw Base
2H ) Raw Reads ©B) Clean Reads Cleaned/% Clean Q20/%) Clean Q30/%
paict 50 653 272.67+ 7.31+0.66 49293 461.00+4 650905.91 97.33+0.28 98.49+0.09 95.61+0.20
4826 778.99
(o et 50 896 003.33+ 7.36-0.98 49672 080.67+6853579.79 97.57+0.33 98.43+0.11 95.49+0.16
6913 473.10
HEKFEE R 52368 077.67+ 7.59+1.39 51170363.67+9577639.46 97.7+0.25 98.53+0.12 9574+0.24

9737 205.24
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324 B EZFEMEST RAET Bray-Curtis B & 1)
FARR TR FEA A VR S50 25 o B RR,

3 HFEAALE PCoA M MBS ER. 45
RO 7. KRR A A R G S R
T, AR 2 AR AR i B R 4 W i AR AL T
FREARZH (AR R 7 AR ST, FLAARRON BB, 47
G B 1 T B TE R A R A R O, T
% s B VUG TR R A5 A S 30 ) T RS 1R
ka4 . 4 PERMANOVA f556, 3 AR REE
CEMFAEREER (F=3.4839, R*=03038, P=
0.001, 999 K E#L), i —H P LLEL (£ Bonferroni
BIE) KIL, XTRRAEHAA (KIEE P=0.003).
IERFESAEHSERH (KIEF P=0.003) 1)
MR Z R BRI R X MATRAS %
HEER RN MEREG TR (RIEG P=
0.114), FRBH T2 IR FET101 5 K 5 18 B A 465 ) [
PR ERH KT

04
02 3
§
2 4 5
S i
< HERE
§ Fan R
—02
—04

-1.0 —0.5 0 0.5 1.0
PCoA1:57.1%

7 AEREX CKI KRMEES -SRI Mm
Fig. 7 Effect of Wuling Capsule on B-diversity in CKI rat

325  TU A JRBE GG B A A KRR A B A A
H ) 5

(D [TKPIERETAERS: AT IR RIS
P B K S T8 B R )RR ] (Firmicutes) 5401
MBI (Bacteroidetes) =FRELUAE (F/B) KM, Xt
TR BRI T2 I e a2 Y /B AERET 1
Gt . FAEZ Shapiro-Wilk 56 /R 7 & IEZS
A (3520 P>0.05), H. Levene’s i iR J5 2551
(P=0.316), /e R FZE T ZSPIaiieskit. S
R ENNTERERY, 3 HKR F/B 2 AR
ZR (F=31.621, P<0.001). ARk
[BfR)ZE 5%, 4T T Tukey HSD A6 . PP bLsc 2
IR BRI F/B {H 2.1940.16 W23 m 5t HEZH
¥ F/B H 1.394+0.04, ZREASIEEX (KRIER
P<0.001), TL &R T 2H A F/B {H 1.48+0.10 &
FARTHEAA, ZERBEEgGIM¥YEN (KRIEF P<
0.001). 281, XL 5 TSI 2 m Rl 4 2 AV F/B
HERARAGIEE L (KRIEF P=0.852), W%
3. ZE LT, CKI WEEiRsE 7 KRIE AT F/B
B, T RS FE R T TR A AKX — EU A,
fEHARSE B R K, WK 8. 9.

(2) FHERE: RAZMEHH T (LEfSe), Jf
LA LDA>2.5 Nftishniid th A AIRE A B A B 1%
SHEE. KW #JE (Escherichia) BRI &
(Desulfovibrio) 2% 4N (Coriobacteriia) ZhHZiE P
J& (Mucispirillum) TERRA R 25 E 5, Z/RICHE
(Dorea)~ 3L IKH )& (Marvinbryantia) R4 )&
(Emergencia)~ YiH AT & (Mediterraneibacter) 1t
hERESFEATEEEE, WA 10,

£3 KEKAR F/BEM Tukey HSD EEHRILER
Table 3 Tukey HSD post-hoc test results of F/B ratio in rats in each group

25 YIEZE 95%Ef5X (7] (CI) WEENPE Guit i EN
S8 vs A -0.8000 [-0.988 7, —0.611 3] <0.000 1 Fkokok
WTHE vs AR B AT = -0.090 0 [-0.278 7, 0.098 7] 0.4496 ns
M vs HA IR i = 0.7100 [0.521 3,0.898 7] <0.000 1 feihaded

P>(.05; **P<<0.000 1.
nsp>0.05; P <0.000 1.

4 e

K R Y A8 1 7 AT E T R
“MLIR BN 1% T — RSB B — LT 4L %
PEAE I CKI A% OIS, T 98 A A0 A0 RO
D G B2 N (el Ea i i

TR RFEAE T KR BERIER BN, 218
PR R B SR B LSS 2 R B R0 HR T A
Iz, B REFRT R AR R R4 5],
A RAE P B SLFE R ARSI TR Ri
Blo AW IR 12 BFERT LI 258 CKT R
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Fig. 8 Bar chart and heat map of relative distribution at phylum level in rat of each group
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HxIR4Lti: ##P<0.001; SHRAALLLE: “P<0.001.

whk

###P < 0.001 vs control group; ***P < 0.001 vs model group.

B9 &EKXFHEREEIKTE F/BE(X £, n=6)
Fig. 9 Bar chart of the F/B ratio at phylum level in rat of
each group ( X s, n=6)
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Fig. 10 LDA bar chart of LEfSe analysis at genus level in rat of each group
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AR, BAE CKI H, Had BSOS B A Ay A2 RAE
SR SR REIE S A AL T ) SR DR B PR 21
EAERNZ, KEGG BESIERPOE T “al
F i < J e S5 IR AH SG R . X IR R R T
LR B A B0 A, T B T g G S
JEAERBALH] BRI . BEFURE, 18 BN
T B PR A S AREIRAS « U NI S 4 G B 1 2k
flif, XL & EGFR. HIFIA. MMP9 455G
I3, TR EES>F-15 152 2 PR 2% ) A% O
e i, EGFR () FEBOE A e K A= 1
IXFNR R, AENG A B 45405 Hh I SR SONE e S A
CFHEAC IR I R B IR BN R o DRI, X 6 g o 2
1S LS br EAEE T A Red i E A T X
S T HAZ0 5 5 (0 PTGS2. EGFR), 4 IEF A
R BRI AT 5 W TRIRES T R AR T E
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KFZR, AWFFLdE— 08 7 R PR 78 2R
Fext CKI KR E W R ERBAER, A “ -
fFE 53 PTGS2. EGFR @A SHIAENLE, N
T RFEIRIT CKI SRt I AE A iR yT g . A
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Firmicutes . Verrucomicrobia . Actinobacteria /I
Proteobacteria = AT 243 B REA B EL 1 o JEHAE
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MREEREARE, BEWETEE, Had
4 NF-«B ## F i PTGS2 (COX-2) HIFKIALY,
1M PTGS2 AE M4 24 B2 0 i (A% O A (%
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