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Effect of Tianhuang Formula on Renal Injury and Fibrosis in Hyperuricemia Mice
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[Abstract] Objective: To observe the protective effect and mechanism of Tianhuang formula (THF)
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against renal injury in hyperuricemia nephropathy (HN) mice through network pharmacology. Method: All mice
were randomly divided into a normal group, a model group, a febuxostat group (5 mg-kg'), a low-dose THF
group (L-THF, 60 mg-kg'), and a high-dose THF group (H-THF, 120 mg-kg"'). The mice in the normal group
were treated with 0.5% sodium carboxymethylcellulose (CMC-Na) by gavage daily. The HN model was induced
by oral administration of 500 mg-kg' hypoxanthine and intraperitoneal injection of 200 mg-kg"' oteracil
potassium in mice except for those in the blank group. The mice in the groups with drug intervention were treated
with corresponding drugs by gavage for three weeks. The levels of serum uric acid, creatinine, urea nitrogen, and
24-h albuminuria were measured. The renal injury was observed by hematoxylin-eosin (HE) staining and PAS
staining, and renal fibrosis was observed by Sirius red staining. The effects and molecular mechanism of THF in
HN mice were analyzed by Western blot, network pharmacology, and molecular docking. Result: Biochemical
results indicated that compared with model group, BUN and 24 h urinary protein levels were significantly
decreased in L-THF group (P<0.05), SUA and SCr levels were significantly decreased (P<0.01), and SUA, BUN,
SCr and 24 h urinary protein levels in H-THF group were significantly decreased (P<0.01). The results of
pathological staining showed that the kidney injury and interstitial fibrosis were improved in different doses of
THF groups (P<0.05). Western blot results showed that the Nod-like receptor heat protein domain associated
protein 3 (NLRP3) inflammatorome, interleukin-14 (IL-14), fibronectin (FN), uric acid transporter 1 (URAT1),
phosphorylated p65 (p-p65) and phosphorylated nuclear transcription factor (NF) -xB were inhibited in the H-
THF group The expression of protein-producing o (p-IxkBa) was reduced to the normal level (P<0.01), but the
expression of IL-15, URAT1 and p-IxkBa in HN mice was not affected in the L-THF group. Conclusion: THF
ameliorates renal inflammation and fibrosis by inhibiting the activation of NF-xB and NLRP3 inflammasomes to
alleviate HN
[Keywords] Tianhuang formula; hyperuricemia nephropathy; network pharmacology; renal injury;

inflammation; fibrosis
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F1 BEAMSREBM0ESRKNRMDFERER(SUA)MBINEENZIE (X£5,1=6)

Table 1 Effect of THF on renal function and serum uric acid in HN mice (x+s,n=6)

21 5 Fl it /mg- k! SUA/umol-L! SCr/pmol- L BUN/mmol-L" PR 1 /mg- (24 h)"!
4 59.87+26.85 19.27+4.26 8.98+1.07% 1.61+0.72%
H 20 2 258.60+£37.61 33.69+3.85 15.82+1.63 4.67+1.25
Ak A7 ) b 21 5 81.95+24.19" 22.32+1.20" 10.39+1.38" 3.54+0.66
FH 2 5 IG5 4 60 140.60+47.92> 22.33+4.45Y 11.31+3.48% 3.23+0.65>
FH 3 5 e 50 4 120 113.10+53.16" 20.02+4.99" 8.00+2.94 2.80+0.26"%

T S IE R A E Y P<0.05,2 P<0.01; 541 45 Y P<0.05,% P<0.01(F 2-% 4 %K 8 7))

W AE YL BRG] C AR il w41 D. B 5 K50 4 B H O i Al e L (B 2 B4 )

Bl1 SRERMAE/NREERESLE (%200)
Fig. 1 Renal pathology of HN mice (x200)

B2 HEAMSRELESR/NRSERERDEEHZME (4, <200)
Fig.2 Effect of THF on degree of renal inflammation and infiltration in mice with hyperuricemia nephropathy (IHC, x200)

SRR T, ey R A A 2 s I s b T
o R T I E /0 BB A0 i R (P<0.05) , AR AR
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K ETH(P<0.05,P<0.01), 8 7 I 41 45 24
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Table 2 Immunohistochemical quantitative analysis of THF on
F4/80 expression in Kkidney of mice with hyperuricemia

nephropathy (x+s,n=3)

415 Ak /mg kg F4/80 s 4 AL B 2 /%
IEH A 4.32+0.44
F5 00 21 13.84+2.31%
Ak A ) Al 20 5 5.41%0.53"
FH 9 7 (79 k2 60 8.43+2.17”
FH 2 5 e 70 k2 120 5.29+0.91"

2 i A /) BRI A T T e D T B W 3 R T OE 4
ANE(P<0.01) 5 ZARAG R S 8 7 45 25 )5, B /N
Ji) S5 58 50 FR A 2 0 /0 (P<0.01) , UL 36 4. FN &)
Jo HE JR A G B B 4, URAT L 5 JR 2 i 8 W i %5
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R3I BAXMNEREMESRK/MR/NREENLRP3 . IL-18.FN #1 URAT1 EB RiAH &

lia (x+s,n=3)

Table 3 Effect of THF on expression of NLRP3, IL-18, FN and URAT1 protein in kidney of mice with hyperuricemia nephropathy (x+s,

n=3)
21 5 # 4 /mg- kg NLRP3/GAPDH IL-18/GAPDH FN/GAPDH URATI1/GAPDH
EHH 1.00+0.27 1.00+0.28 0.79+0.23 1.00:£0.49
A0 2] 1.560.24" 1.87+0.39% 1.36£0.19" 1.73£0.16"
FH 3% 77 {15 & 21 60 0.98+0.13" 1.47+0.19 0.59+0.19" 1.78+0.12
T2 e ) 4k 24 120 0.74+0.11" 1.01£0.42" 0.74+0.22" 0.7120.28"

7 egueusensund

A B C D
T ALIE R 20 s BRI C. 8 5 IR At 2 5 D. By g )
A (E 5 TH)
B3 HEEAXSRELESR/RNLRP3 X IL-18#F& % Bk
Fig. 3 Electrophoresis of THF on expression of NLRP3 and IL-18

in hyperuricemic nephropathy mice
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URAT #3534 il (P<0.05) , H 8 7 (% 5] 42 24 24 4b P
J& » FN %35 F B (P<0.01) , {H A5 i URATI ) %
ik, W m AR A LS L BRAIK T PN Y £ Gk
(P<0.01) , URATI iy % ik & 3 B X (P<0.01) ,
ULIES 33, BEoR H 5 iR YT W U0 = PR I AR
/IN BV AT A 1 R AR PR R B i PR i 2R 3k, T A 2K
T R R R 5 | A 1) A A

3.5 FH B 7 6 M B A RO e A OGHE AR L A
TCMSP 4 45 % b K R 1) “0OB>30%, DL>0.18" 1) H
W7 PR T 25 2L 5 A 30 TR PR Ry, b A
I8ANTEPE R, =B 124G P A2 o bl iz R
ol i 1158 < 5 S o s e o 1|
1OSI A8, N Bl BR & & 1, A
UniProt £ J2 6 33 26 55 1 1) 5 X 2 b o Ak, 15 21041

*4 HEAWNSREBOLESHKNREBEXRELLREESR
(X+s,n=6)
Table 4 Quantitative analysis of THF on Sirius red staining in

kidney of mice with hyperuricemia nephropathy (x+s,n=6)

20 5 il /mg-kg! ERERITRIAZS
E 4 4.41+0.73
AR 2 15.57+5.58%
Ak ) b 21 5 4.87+1.22Y
T 8 7 A0 4t 24 60 7.51+1.59%
2 7 ) e 2 120 5.42+0.81"

Ny ) 8 3 [ . 7E GeneCards. OMIM . Therapeutic
Target Database % i J& * i & | hyperuricemia [ #f
OCHE PR IS, M 83 HG e Y i A BR PR e A I 1 751
hyperurlcemla AH G B HE A

3.6 UG PR RL AT -HE S AR AR i BT AR A5 10 8K
5 , 45 & Cytoscape 3.8.2 B 4 #4 £ T “ v 24 7% Pk W
3 -0 A 690 AT AR T 936 ki, LY
Si 1R RRE IR R T v € X 3R R B 0 T
LR S A N W (L ) WA W N1 o I
TN A R LA B BR800 15 R VR AR A
A 2 B AR T A 5 R R IR A BRI .
f£ Venny 2.1 °F & A4 A Venn B, i 403 43 2 H
BT PR R B A, B R 43 Dy v DR R I AE A P HE
AL T A AR A B Sy B O R DR R I AE 1) 32 4
LIS 844

3.7 A sC AR RO A PPI I 46 e Ay AT A sg R
ML STRING - 5 A i A52 4R 0 A5 PPI IR 45, 1 4%
I 265 ] Ko tsv A% 2SO, D3 ot R BEE n bE RL o

El4 HEANSREMESRHNROSHESELEENIZmM (RREL, <200)
Fig. 4 Effect of THF on Renal fibrosis in mice with hyperuricemia nephropathy (Sirius scarlet, x200)
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N ...”l--..—u 262 kDa

w AR -
GAPDH ... ......... 36 kDa

A B C D
El5 HBEAXSREMESRZ/)NREMEHASRFNE URATI R IE
Fa ik
Fig. 5 Electrophoresis of THF on expression of FN and URAT1 in

renal tissue of mice with hyperuricemia nephropathy

e A R T Y A0 0 SR o RO A, LR
5o JEE HE 4 AT Y B 43 ) S bR 3R BE X T
(TNF) bt K 75 (1 B (Caspase) -3 . I & W 12 4= K A

®5 HEAABFBRBIENZOEIEE
Table 5 Degree of key target of THF

F A(VEGFA) . #Eill I 3 #0 o5 ] fg J2& I % 7 iR y7
iR PR R I AE Y 2 2R S . R HH Cytoscape 3.8.2 X
A% U B0 05 BT PR o AR B AT T R A MR
FD 53T, UL B s R B AL L . B = R
NG S ORI 9 N S VAN VU | 0 N W (L a9 )1
S A IE DT RN A A M R K
[ 2R AE A B R ET R S5EAZ
] B A AR T o PR A 18 DR /N ARl B A B9 A (] i A
JIT AR Ak, FE{E B R TR AR B R o R i B 328 AR 44 i
FLH LAY, o3 ) Ry e /N B 3-O- Bi] BRIt 2 e IR g
(T 7N = [0 VAN /- it I 1 B 345 K I
A= WO 5 IR 9T R R MAE 1Y FE s M R A,
W6,

o EE 44 AR B 44 e EE 44 i B A
TNF 50 MRS T | BCL2LI 30 Bel-2 k£ 11 RELA 26 NF-«B ¥ |IGFIR 20 Jo i E AR K
AT 1%Z 1k
Caspase-3 45 M RHHAM-3 | MAPKI 29 H 2 HIEEON || JAK2 24 FEEHEMEM | ABLI 19 BRI 1,k
B 1 T 2 A il R T
VEGFA 43 MK | PPARA 29 A YR AR | KDR 23 BRATRIAEE | HNF4A 18 P4l T 4«
AT B AL 3Z A o Zik2
PPARG 41 i AL WA | TLR4 28 Toll FE3Z 1k 4 APP 22 TEMEEBA4 | VCAMI 18 1fiL A 40 A 266 B
B WS 2 ARy sl G=N
SIRT1 39 UIBRIEWEM 1 | ACE 27 I Bk F 5 ALE | CDK4 22 HSAWE | LYN 17 ARG A
P AR 8 SR T 4 TR P
STAT3 39 FEEPER T3 | MAPKS 27 A2 RERIE || HDACI 22 #HEPHLZ |AGTRI 16 M Bk ET
P 8 i Ak it 1 Zik1
ESR1 37 AMEME 2K « | Caspase-8 26 it K& 4§ -8 REN 22 B SELE 16 EtfE#
HSP90AA1 35  #YRFHEF | EP300 26 E1A%54 % 1 P300| PARPI 21 %% ADP ¥
90a Kt A R G 1
A A1
PTGS2 33 IR 2 ICAM1 26 AIAEIAIZEFE 2> F 1 || SERPINEL 21 Serpin E %
% E 5L 1
*6 HEABFERSEAROEBARER
Table 6 Degree and key targets of THF active ingredients
Mol ID R P s FEAA O A
MOLO002897 HL3 epiberberine /)N BEfi 10 SIRTI.STAT3 .MAPK1 ,MAPKS8.ICAM1.JAK2 PARP1.ABL1.SELE

MOL008647 HLI10 moupinamide 3-O-FZ{EtZsJEMelE 10 TNF.HSP90AA1 .PTGS2.BCL2L1.EP300.CDK4 HDACI ABLI1 . AGTRI

MOL00360  HLI11 ferulic acid B #R7R 10 STAT3 .PTGS2.TLR4.ACE.RELA APP CDK4 REN PARPI
MOLO001792 SQ2 DFV BIRER 9 VEGFA .PPARG.ESR1 .BCL2L1 .KDR ,SERPINE1 .IGFIR .HNF4A
MOL001494 SQ1 mandenol R AN /3 it 1} 8 PPARG.PTGS2 .MAPKI1 PPARA . JAK2 KDR ABLI

3.8 EMSHKHEIGEEEMT KE LSS

A Meta Scape FU 4 J2 W 3 #E47 GO fl KEGG & 447

Bro ABESE &M 299 4> GO Rifr, 4245 275 4> BP R
. 78 .

i .94 CCARIBEM 154 MF ARifE. BP.CC I MF 1
41 AR . BP AT 3 B AL X AR 22 0 04 SR
JUR R B2 X 67 2% 55 B B 0 i S R ) TE R X
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2 o NP R a0 AN 5 I v w11 s 11 DG
A AL AL AW B A0 E S e S o A
XF TNF-o 1 R A28 JEAE T A9 5 98 15 DNA &5
B SR T 0 O B ALY RN AF . CC R IE 3=
BV R BB EAE SR B AW AR R R
IS Py — ] 43 s R i H e i R R . MF
ARiE F LA HE RNA KA B 11 FE R DNA 456 5% 5%
HWraa EARSHEERESS AEAB
BEfG R0 C R ss & BEMRMs & A RKKE T2
ek BERSE MKEE BEAMS A EAR.
R AN GEASEEEZS EARSE Rt
TS

T KEGG 8 B & 5 0 W fk A 17 455 % . b
KEGG ¥ 412 5 48 43§ #4917 A AR 15 547 a] WAL 20 B
FH B8 7 A 07 e i R I 1 7k A S AR R TR g
A 3 A2 B DR O & A B9 AGE/RAGE {55 5 i 5% Al
NF-«B i %45 . Ho, NF-«B 48 i 5 5 18 B% A1 5 IR
1% 1M A % YDA OGS
3.9 S FXEEANT DS R — AR T AR A
B0 Lol A A B2 oy TR AR, E N A TR
P15 D) R 55 S 254 2 3R . AR 46 A 43 - HE A
AR 45 R B A% 0 BB s E A 45 2R A
HAEHI(PPI) M 4% & GO F1 KEGG & 4 43 #r , 4 il H
BT IR YT R R R LA A9 3 B0 B R % /N BE R
3-O-P B4 e R e BTERIR BB E TNk
Y, VB ¥E A5 NF-«B il 5% [ 19 RELA. K 3RS
PE R 53 I B 45328 DS HEAT 43 F X 15 50 30E , X 42 45
R 7. H X A SR T 3-0- B B L 45 e TR IR
F T B+ M S5 % NF-«B il % 1 RELA ¥t A B
UF S5 A T M I AR A B 19 3-0- B BLEE 25 JE iR
Fis 5 RELA (9% #2245 B b 47 a4k
®7 BEFEEFEMMS S5 RELAS FRHEES

Table 7 LibDock scores of major active compound-RELA

molecular docking

Mol RELA
. . ..
G5 b B 4 i

MOL008647 HL10 moupinamide 3-O-FiI%RMEZs @ f2lE  118.55

MOL001494 SQ1  mandenol R AN /et 109.37
MOL002897 HL3  epiberberine 3¢ /)NBERH; 106.61
MOL001792 SQ2 DFV BIER 106.29
MOL00360 HLI1 ferulic acid oy 258 i 88.53

3.10 [ i of NF-«Bil o S i o 1k
— W 57 [ 3 7 & & 3 AT 8 1 NF-«B 15 5 18 Bk
1547 HN /N, il ) Western blot #:] T NF-«B {5 %

W, SRR, S IE A, B4 p-p6s Al
p-1kBa 1 3 35 7K F 1 2 1 (P<0.05) . HI# J5 ik
Rl E A 255 T T p-p65s 3Kk, 0 p-IkBa ) K ik
2R TG X, HE Ty i ) i 45 245 )R] W 4
il IkBa £ p65 B W IR Ak, . X L6 H5 41 e W], 1 % 5
410 NF-«B A5 538 %0 HN /)N BB IE A9 28 5 A
ESR R AU = N O

x8 HEHXM/IMRSGW p-p65.plcBa.IkBa FE H R XK T/
(x+s,n=3)

Table 8 Effect on protein expression of p-p65, p-I«kBa, I«kBa were
examined by Western blot of THF (x+s5,n=3)

20 51 F4E/mg-kg'  p-p65/GAPDH  p-IkBa/IkBa
IEH 4 0.99+0.13 1.00£0.13
TR 2] 2.15+0.23% 2.05+0.13
HH % 75 {1 7] 5 21 60 1.24+0.39% 1.48+0.58
HH %% 77 e 71 2 2 120 0.88+0.49" 1.19+0.12%
p-IxBa 36 kDa

IxBa 36 kDa

p-p65 65 kDa

GAPDH 36 kDa

A B C D
Ee6 HEAXSFREIMIESK/NR IkBa,p-IkBa Fl p-p65SHEH
Rk
Fig. 6 Electrophoresis of protein expression of THF on IxBa,

p-I«Ba and p-p65 in hyperuricemic nephropathy mice

4 itit

PR 2 N AR P R AR 38 1) 28 72, AR K36 43
F PR IR 28 30 ' AR, IR R 1) B RS BT B i i
H& M 4 AR PR 0 KT B0, O LBk B 22 1) UE 4 UE
SIS SR R R R ILRE TP B B 5 0 E AL K
DR T TR U, 5 | A B AR S 1% o B i AR A A
i 3 A A T B — 20 AR TE 9 R T B AR R Il A O
T UL 200 B 38 B, 2R RGE 4 B3 A AN /N ERBE 4K B D
AR T 48 i A EF AL BRAR T BN K IR TR i BE
1 BELHE B, ASSE 0 Y T R N
B BT O AS B Rg, A S AT Rb, = LR AT
R SEIEPE R . WFIE R B, B0 b i /N BE B i
WO A A Y A B TR A S Ry SR 0E I
F-1a(PGC-1a) 5 5 38 % , 100 W% PR 93 B 9o /) BRUASE
RO G A S TR N R B Ui A ol A TR N
fiE g R B Z Mg iR AL b = bR
A AT 2o 40 6] Smad2/3 8 B2 1k K S, T Smad6 &
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FEVR AR R, A 85000 28 18 1 B ) R R I T 41 4
FR bR A = B I i e R T B
JH B A BUR B R I8 TR 1 ARG R HE PR EE E HEE
AR PRI R BUR R B T
5 = BT AR 8 (A 35, SALE g, AR
A, A A TE R Ak A% B 8 1 A5 ) I, R AR
I g2, AR 58 0IE 52T B R A% R A L R R
LT PR 2 11 K7 Bl 2 B 4 49

TE B JUE 58 i F0 2R 4 Ak oF & b, £ 45 NF-«<B
NLRP3 5 AE/NMEAE Z F {5 530 6 R #5817 2 AEH .
NLRP3 5 i /N S — Ffr 290 Jif 355 fife ok 2 1 & A 1
F NLRP3 i T2 A OC 455 13 2 111 (ASC) Fl Caspase-1
HA 2 B, K 109 5 5% T v R R B 45 o mT 2 i/F NLRP3
GERE /N () BECTE ATSERE R P 19 436, 15 1L 1Y NLRP3
S AE /NAH T NF-«B 38 [ 50 3% 1L-18 A1 IL-18 19 43
W IE LI NF-kBYE N — D FEWHERR TS5
T NLRP3 () 5 5% , NLRP3 4 i [z I B % P 46 26 n
BT R E A & AR . NF-kB S — S 0
T BRI KA R AE RS R B B e M
AT G S Y 2 IkBa B kB 0 i X
(IKK) B R A 550 5 SR 15 5 W ik ) Tk B B8 2 AL 45
5178 NF-«B 1Y B, 15 5 NF-«B #F A 40 %, i
T 19 NF-«B Al LU F 22 56 BRI 3 3k O 7 A 45
4 je R, Gn g SR FE I -a (TNF-a) L IL-6, [ 4
LA Z-18(IL-18) , FA% 40 il ¥4 1k 2 1 -1 (MCP-1)
Jig 3 AL, 240 R 280 BFF 43—, TV e 4 A ] 28 B 43 -1
(SICAM-1) FUA] Pk i 45 ZE Bt 53+ -1(sVCAM-1) J¢
SMEMEA(CRP)™, HF5E R, B A MBI
Al 38 i T 7 TLR4/NF-«xB/NLRP3 {5 5 18 % o 3% 4
iE SR, R APEIGIT IR AR ME . B E A Uk T
fi£ 18 3 HIF-1a/NF-kB/NLRP3 {5 51 B G T A% 48
B I A8 5 & AR AR Y. 6 B NF-«B/
NLRP3 {55 38 [ 5 A 90 % YA G, 285 5
UE T H B BE 98 B K R R I /) B Y NLRP3
IL-18.p-1«Ba Fl p-p65 /K-, & ¥ BT R AEFH , M Ik
B2 TR A M A AR RN o R R A A HE T A
Bl 25 V- i S AL AR 4 R DR R R A 1Y) SR B R Y A
WK 2 =40 22 T IR R 2 38 i B /NG e is B 1 HE
1, PR R £ B 28 5 22 4071 (URAT 1) 55 PR R 1Y 20 10 i
A BT R ARG W Wy 8195l L B
ik URAT1 (9 R 3k, JFE AR N IR IR 5% is R 2%, Rl i) &
FE 25 Z 00 55 2R R IR T B W B, o I
itk

A K, W 2% 2 B AR AR — 1] 2 2R B 22

. 80 .

Bl Bk Bz 2 AATIS6TE . Mg 2 B2 E BT T
¥ 5% 245 ) R B 1 5 ok i DRLRIT 5 9 22 [ 19 A B4
R, I HAE N AR E MRS A
FIVBE IR 22 1] 1 & R 20 I 4% 24 B2 36 I op 24 2
WAL 2R LR BRI BRI H 1 .
45 £ PPN 2% 43 BT i 356 FH 35 5 B ¥ e R TR I AGE ) A%
O 8 A HE DN FE 5 v 5 e A 4 0 fieb 7 3R 8 R
(TNF) . 41 g (8] %5 Bff 5> + 1 (ICAM1) | Caspase-3 .
NF-«B 7 F i (RELA) %% 5% 3% 1% I+ 3 (STAT3) .
RN 4E B 2(PTGS2) . Toll KE 32 1K 4 (TLR4) %5 #1 &5,
BHEIRIT HN W AE R o il ok ) 4% 2 B 24 F— A5 4R 5%
#5736 97 = IR R I RE AT BE /Y 7R FH AL, GO Fl
KEGG & 5 73 #72¢ B H 5 07 & FEVR Y7 AR I S 5
BLAE P fE NF-«B 3l fif I, 283 10 SC R0 E 52 T H 85 7
fiE 1% 3 3 NF-«B/NLRP3 {5 5 i % = R W2 I JiE /)N B
B 405, &SR A BRI URAT L B K3k, 45 IR
2 A B AIC FN 2R 35 U B 4T 4 fb Bt 5 . DS
T LibDock T H- 2R FH 9 /2 3% R AF 1 X 82 50
FH LibDock #F 17 £k & W i 1 B, 56 A4 846 & 9 i A%
Al 5 F 5, T 648 A 0 BRI T R R T R S
WK V5> R GEX N F X AT 4T 07 AR
¥ 52 38 2k 9 45 25 B2 R0 4y e 3R T T B O iR
7 HN B9 1E FHLE , & B0 J7 ol B 38 o /) BE 6
3-O-F BRIk %5 Je e g BT 2R AR R TNk
I 25 22 Tl PR 4y, 9% NF-«B {5 5 18 % Il NLRP3
S M /IR IR R AE BN, A0 AF A e R . HH
By A B R A A A R T AR R W P 5
55 5 F 2 IR AL T EEIR A ST R O ), kA R H
B AR DG I DR R FH A3 B 0 51 1) B S il

g LTIk, A AIF o 2% B EE 5 3l 5k 70 NF-«B
HINLRP3 5 M /N PR 5005 Sfe 300 i) 98 RE S I, DA T AT 4K
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