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Supplemented Buyang Huanwutang Ameliorates Kidney Injury by

Inhibiting Inflammation and Fibrosis in Diabetic Kidney Disease Mice

YANG Fan, ZHANG Xiaoyun, ZHANG Yajing, LIU Lifei, HUANG Jiaan, WANG Yuehua'
(Hebei University of Chinese Medicine, Shijiazhuang 050091, China)

[Abstract] Objective: To investigate the effect of supplemented Buyang Huanwutang on kidney tissue,
nuclear factor-«kB (NF-xB) pathway, and fibrosis factors in diabetic kidney disease (DKD) mice. Method: A
total of 24 db/db mice (11-12 weeks old) were randomized into the model group (equivalent volume of distilled
water, once/day, 8 weeks), supplemented Buyang Huanwutang group (16.0 g-kg", once/day, 8 weeks), and

irbesartan group (13.5 mg-kg"', once/day, 8 weeks) after adaptive feeding for 1 week and positive urinary
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protein monitoring, with 8 in each group. Another 8 db/m mice (11-12 weeks old) were included in the normal
group (equivalent volume of distilled water, once/day, 8 weeks). Then samples were collected, and the levels
of fasting blood glucose (FBG), total cholesterol (TC), triglyceride (TG), blood urea nitrogen (BUN), serum
creatinine (SCr) , and urinary microalbumin (mALB) were detected. The mRNA expression of tumor necrosis
factor-a (TNF-a) , interleukin-18 (IL-18), and monocyte chemoattractant protein-1 (MCP-1) was determined
by real-time polymerase chain reaction (Real-time PCR). The expression of nuclear factor-«B (NF-«B), NF-«B
inhibitor @ (IkBa) , phosphorylated IkBa (p-IkBa) , transforming growth factor-B8, (TGF-8,) , a-smooth
muscle actin (a-SMA ), and fibronectin (FN) in kidney tissue was measured by Western blot. The expression of
NF-«B in renal tissue was detected by immunofluorescence. The pathological changes of kidney were observed
under light microscope. Result: Compared with the normal group, the model group showed glomerular
hypertrophy, increase in extracellular matrix, thickening of basement membrane, small cystic lumen, interstitial
inflammatory cell infiltration, and some interstitial fibrosis (P<0.01). Moreover, the model group had higher
content of FBG, mALB, TC, TG, BUN, and SCr (P<0.01) , higher expression of inflammatory factors
TNF-a«, IL-18, and MCP-1, and fibrosis-related proteins TGF-83,, a«-SMA, and FN (P<0.01), and stronger
activation of NF-kB pathway in renal tissue (P<0.01) than the normal group. Compared with the model group,
supplemented Buyang Huanwutang alleviated the pathological injury in kidney (P<0.01), decreased the content
of mALB, TC, and TG, the content of BUN and SCr (P<0.01), and the content of TNF-«, IL-18, and MCP-1
(P<0.05, P<0.01), and inhibited the activation of NF-«B pathway and the expression of fibrosis factors in renal
tissue (P<0.05, P<0.01), but had no significant effect on blood glucose level. Conclusion; By inhibiting
NF-«kB pathway and the expression of fibrosis factors in renal tissue, supplemented Buyang Huanwutang can
exert anti-inflammatory and anti-fibrosis effect and alleviate the pathological damage in kidney tissue, thereby
protecting the kidney.

[Keywords] diabetic kidney disease; supplemented Buyang Huanwutang; nuclear factor-«B (NF-«B)

pathway; inflammation; fibrosis
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F&IE 5 SCXK (75)2021-0013, Hirp db/m /ML 8 H,
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Fr A /N BRAE 12 h G FR/BR S5 30, U BE (24+1)°C i
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5 8122561) . Y I3 (4t 5 0093103) | /K 4% (4t 5
8081351) \Hb Jg (Ht 5 7125701) W [ | 75 — J7 250k
A BRAE () 5 i DL vb 3H 4 80O (RS 150 mg, Hit
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1.3 R R R AR & (mALB, m AT
B TR 5T B, S H127-1-2) 5 1L % (FBG) |
S TE BE(TC) VH b = B8 (TG) JRZE A (BUN) L
P (SCr) IR & (DL 38 2 PE/RFR S0 R A IR A,
fit 5 4> B N AUZ3765. AUZ3625, AUZ3592,
AUZ3611, AUZ3562) ; Servicebio” RT First Strand
cDNA Synthesis Kit,2xSYBR Green 5Z fif 2% Jf € &
R 4 5% =0 ) Vi (Real-time PCR ) Master Mix (High
ROX) NF-«B i {& NF-«B #l il A F a(1cBa) HLIA |
a- V-3 WLILSH 2 1 (a-SMA) LA 8RR 1 4801k 9 T
(HRP)#ic 9 I i s BBk F1 (1g) G — bt .4
1 Histone UK (s ILFE 4k R EWRHE A BRA AL,
5 4> 9 G3330,G3321. GB11997 . GB111509
GB111364.GB23303.GB11102) ; £F i%& % 11 (FN) #¢
I AL K R -8, (TGF-B,) Hit Mk (& & Abcam 2%
H) LS5 9 K 89443 .215715) s B R 1k (p) -IkBa $i
P (A s T R R A M B AR A R R L5 bs2513R) ;
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= REWHERARA A, A 5 5 - AF0003 .,
P0018S .P0013B.C0142M .C0105S.P0009) .
1.4 %2 ImagQuant LAS4000 % 4> [ 3l & i &
1% %5 (3 H GE/A #]) ; DY Y-6C Y H yk A (b
BN — AN E% ) ; BX63+DP72 #U IF B A 5% 9% W i
( H A Olympus 23 & ) ; 7600-020 4= H 5 K #4417
MriX ( H 7% Hitachi /A 7 ) ; Centrifuge5417R R A% i 25
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I, SHURE R AN Ak BE SR T R BY R R IR
AR BB RS PR, — A [ E T 4% 28R
O v, o B A 2 R G A A A N, S —
G3VRAE T =80 °CYKAH , FH T AH G HE 1 3Rk Al .

2.3 WEAE bR

231 #4108 B mALB K /N BUR W RS AR LU
3000 r-min”, 4 °C & .0> 15 min (B0 2E 42 10 em) B
e PR AR AR 3 R Y U B P R A A T
B /N mALB Y JE

232 HA/MNRARTEREN /NRFB.TC.TG.
BUN . SCr /K -2k FH 4> H 2l i A Ak 43 B A 2
233 HA/PMREHAS R BUNLE AR
T 4% 22 5 FE v 1 a2 24 b, A R RS U0 R B
WK, —H 2K &, 4 %) FH HE Al PAS 4 {6, F B f
Be NS ALV AR fL . PAS Y fm T AL 2L 2R i
PR BE 43 2, Qi ik e B AN U R B R
10 A~ Bl AL 1E £ 1 LT | AVEAR B /N BB Ak 48 SR B
/NG 8] 5T A58 05 4 B, B /N Bk R T A A RO 4 AR
I 28 WG 2 T AR 4% R VR (<25%) R (25%~
50%) HEE JE (50%~75%) JHELE (>75%) , 43 53t 0.
1.2.3.455 . "B /N 18] 5458 405 48 BT 43 < A4 /D
BEGESY K R AE S L 440 7 E R $7E
B (I R<25%) i B2 (AR GA 25%~50% ) L
B (1 A>50%) , 03 0. 1.2.3 48 i E R AU A
B /NER BB /NG ) 5 20 21 25 0 4 B S M

2.3.4 Real-time PCRA 44 A F 1 40 il A~ & -18
(IL-18) . Bf A% 4 M #a 1k IR -1 (MCP-1) | i 98 35 3E
¥ -a(TNF-a) B mRNA %5 BUE 4141 100 mg
Tk 3843510, in A TRIzol $2 B & RNA , I fdf 1]
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Nanodrop 2000C 43 5606 BT Hr ok . SR 5 R
I 1) 3 A E B 60 P 3 SR 0K RNA S 5
i cDNA, #R J& DL h B4 i 17 Real-time PCR, JZ
N AR 95 °CHilZEPE 10 min, 95 °CAEPE 10 5,58 °C
Bk 155,72 °CHEfH 10 s, 40 ME R E K, 45 5K H
28R T LT I -3- W R M S (GAPDH)
W2, 5% mRNA £k 519 d IR 4E IR A= W)
FHEATIRA A G PSR 1.

*1 s5|¥F3
Table 1 Primer sequences
ElE7) JF1(5'-3") K B /bp
GAPDH Liif CTGGAGAAACCTGCCAAGTATG 138

T GGTGGAAGAATGGGAGTTGCT
IL-18 - CTCACAGCAGCATCTCGACAAGAG 95
T it TCCACGGGCAAGACATAGGTAGC
MCP-1 |- GTCACCAAGCTCAAGAGAGAGA 190
T it GAGTGGATGCATTAGCTTCAGA
TNF-a |3 CCAGGTTCTCTTCAAGGGACAA 80

T GGTATGAAATGGCAAATCGGCT

2.3.5 IE H % B 7% (Western blot) £ il NF-«B
KA AEACAR G HE I 3RIE 43 ) B 4/ B 4 4
100 mg il A RIPA 24 i % , vK I 24 fi# 30 min, 4 °C .
L 10 000 r-min” 2.0 10 min( &0 2F 42 10 cm) 2 B
SV, BCA B 1 i i R & T HE A e a k
FE o BT R A4 T b R R B - R TN U I A
Ji HL YK 4 B J e 2 PVDF B b i i A 4 3 AT ok 0
Ja . o 5 A IkBa(1:800) \p-IkBa(1:600) \NF-«B
(1:800) .FN(1:800) .TGF-B,(1:1000) .a-SMA(1:
800) .B-actin(1:1 000) .Histone(1: 1 000)#i 14 ,4 °C
EE 7, VRIS I A HRP(1:5 000) #5732 19 1 E- 4t
RPUEERMEF 1 h, PERBES A ECL I i 5% , ff
I ImageQuant LAS4000 i 1% 7 4t #1148 I 43 #r 25 4l
JR AR

2.3.6  REEZICKI E A LINF-B £i5  HUA I
VIR 60 °CH#% R 4 h, % IS 10 min J , B B2 B 2
K, SRR R BE s B S S A NF-kB(1:100) —
YiiF & 1375 ; PBS #hBE i A Alexa Fluor®594 #xic L
FPi e 1gG 2806 P E IR M F 30 min; PBS i 1k i
I DAPT B W Ag £ R, 28O W o T W U)o
FHEEE

24 Seit ot B R H SPSS 26.0 B4 k4T 4
M 8086 DL x + s TR, & A BUE Se itk A7 7 22 57 S
B, 7 22 5% ik B R U7 22 43 B (One-way

ANOVA ) ; 75 77 25 /8 55 BE £ Bk ARG 50 , 41 [] Lh 3R
H Mann-Whiteney % . Lk P<0.05 TR 25 HA 511
3 #7

3.1 XfDKD /N FBG.TG.TC M 5iE % 4
Fodg /N FBG . TG . TC B ETHm , 2 5
HA S L (P<0.01) ; SEIA A 3, #b BH A
VMR TG . TC % 3 K& Ik (P<0.01) , Ifif FBG 22 5
TG L, )L NP H 4 FBG . TG\ TC 2 F 31
git¥E X, Wik2.

F2 #MPHIE R F MR Xt DKD /MR FBG.TG.TC M & MW (x=+s,

n=8)

Table 2 Effect of modified Buyang Huanwutang on FBG, TG

and TC in DKD mice (x+s,n=8) mmol+L"!
4t
413 'J%l FBG TG TC
/g kg
IEH A 6.38+1.79  1.22+0.18  1.43+0.12
F 1 25 26.78+3.41"  3.35£0.54" 5.31+0.51"
N PH R T 16.0 26.13+4.01  1.96+0.11" 3.86+0.14"
g 2

IENARGS R 0.0135 27.12+3.17  3.22+0.91  5.19+0.69

TE 5 0F % 41 8V P<0.01; 54 41 1 52 P<0.05, 7' P<0.01
(F3-F8MM)

3.2 X DKD/NRmALB X B Yifgsm 5 IiE# 4
F# BRI/ B BUN . SCr 2 mALB & i 5 Th i
(P<0.01); 5HERIZE LA, #h BHIE FL7 ik 20 )2 B
7038 4 BUN.SCr 2 mALB ¥ i & F# ik (P<0.01) .
W23,

#z3 HMEZXEAEZFMKS DKD /MR mALB R S I & MM (i+s,

n=8)
Table 3 Effect of modified Buyang Huanwutang on mALB and

renal function in DKD mice (X+s,n=8) mmol-L"
7 4
2415 n BUN SCr mALB
/g-kg
EH A 4.95£0.97 14.27£1.57  6.54+£0.93
R 4] 15.1243.57" 26.92+3.14" 44.72+6.12"
AR F I 16.0 9.04+1.21% 19.87+1.26° 22.92+3.61
ik 2

JEAURG S 0.0135  8.89+1.45" 20.16+1.03% 25.54+2.31%

3.3 X/ DKD/MNRF AL EA L IE 4l

/N U 2 250 T BT 5 5 OE R A ER AR, B R A N B

B /NERIE O, 28 A Jo 486 A, e i G IS, 4 i R

75, (6] 5T 48 V20 M3 F8 43 18] 5T 2F 4E Ak 5 & 45 2 2

N A BB A AR R A . SRR L
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B, A BH 3 T3 TR 21 RT3 AR R D BR A AL 4

FIE /N T) BT 453 403 45 0 (P<0.01) , JE DL Y0 32 5 /)N

FRERGERZEZS LRITEE X, I
F1.%4.

TE:ALIER B BTRIAL  CANHIE T R4 ; D JE DY H 20 20 (] 2- P 4 1] )

E1 #PREREF MBS DKD /MRS B R fFIBIT LB (x400)

Fig. 1 Effect of modified Buyang Huanwutang on renal histopathology in DKD mice (x400)

F4 FAZFEREFMEX DKD/NRSALFETHUHEIME (3£,
n=4)
Table 4 Effect of modified Buyang Huanwutang on renal

histopathology in DKD mice (x+s,n=4)

4151 F i /gkg” B /NERRE (LA A BN B A
IE 20 0.34+0.08 0.35+0.12
BRI 2] 2.45+0.38" 2.10+0.28"
ANHIE TNk 16.0 1.62+0.24% 1.35+0.18%
EATIRUBIEE | 0.013 5 1.73£0.32% 1.99+0.22

3.4 X DKD/NR'E 441 IL-18 . TNF-a & MCP-1 fy
mRNAGZM 5 1E 5 4 b, BEAY 4 /N BUE 4 2L
IL-18.TNF-a J2 MCP-1 ) mRNA & ik ¥4 i 25 34 Jn
(P<0.01); 5HRIAIZH L85, #b BH I 1007 Ik 41 e JE D
b 4 /N BB 4 4 IL-18. TNF-« M2 MCP-1 |
mRNA [ %5 5 W] W B, 22 % B A 480 2% 3 &
(P<0.05,P<0.01), W5,

3.5 X DKD /D F 414! FN . TGF-B, X a-SMA
2B MR 5155 41 e, B 4l /N B 4141
F&5 HMHIE R F BRI DKD /N RS 4B 42 K fE B F B9 mRNA R i

2 (x+s,n=3)

Table 5 Effect of modified Buyang Huanwutang on mRNA

expression of inflammatory factors in DKD mice (x+s,n=3)

it %'J%_l IL-18 TNF-a MCP-1

/g kg
14 0.97+0.04  0.96£0.07 0.90+0.19
R4 1.33+0.18" 1.56+0.15" 1.92+0.18"
APHE 4l 16.0 1.06+£0.07° 1.20+0.09% 1.42+0.14%
JE Db 3 20 0.0135 1.03+0.06” 1.25+0.12% 1.61£0.05%
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FN .TGF-B, & a-SMA [ 1 £k T+ & (P<0.01) ;5
LRI ZH P, A BH I T3 ok 28 K2 Je. DL b 38 28 /) B
B 41 41 FN | TGF-B, } a-SMA 1 5 [ # ik ¥ B A%
(P<0.01). WK 2.3%6,

TGF-5, we— * ’ S 44kDa
S _ e

FN w— S— — — 202 kDa

-actin 43 kDa

A B c D
E2 DKD/INREHRAFHUEEAEARIEEK
Fig. 2

Electrophoresis of fibrosis-associated proteins in renal

tissue of DKD mice

F6 HPEEHIFMEI DKD/MNREBAHARAHNEXEAREN
B (X+s,n=3)
Table 6 Effect of modified Buyang Huanwutang on fibrosis-

associated proteins in renal tissue of DKD mice (x+s,n=3)

= & . _
g fallh= TGF-B, a-SMA FN
/g-kg /B-actin /B-actin /B-actin
IEH 4 0.1740.02  0.15+0.01  0.26+0.02
AL 0.45+0.04"  0.48+0.02" 0.73+0.03"
LTI 16.0 0.28+0.03%  0.34+0.04% 0.39+0.04>
I 21
JE v IH 0.0135 0.30+0.05° 0.36+0.04> 0.41+0.05>

3.6 X DKD /) ELE 2H 20 NF-«B i % A o6 T H £ ik
B2 5 IEE A AL /N RS 41 20 p-1kBa
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FIRTHE  IkBo £ IK FEAR, [7] B NF-«B #% 5% 58 38
(P<0.01) ; 5 BIRVZH LU, 4 PH A 037 i vk 20 K ), DL
VR 259 1 s AT A SO AR p-1kBa, T IkBa 1Y
FIk M| NF-«B # 5% % I & NF-«B 19 8 11K ik
(P<0.05,P<0.01). 5g5 R —3, R o LG o
7R A BH IR F3 IR A K B DY s A 2 ) T T S
NF-«B ¥ # %% K M NF-«B B 26 ik 9] B i b . 0

K337 K4,
4 Tig
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Fig. 3  Electrophoresis of NF- kB pathway related proteins in

renal tissue of DKD mice
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Table 7 Effect of modified Buyang Huanwutang on fibrosis-associated proteins in renal tissue of DKD mice (x+s,n=3)

21 51| /g kg 15 NF-«B/B-actin i i #% NF-«xB/Histone p-IkBa/B-actin IkBa/B-actin
1EH 4 0.40+0.01 0.2240.02 0.2140.03 0.39+0.04
LT 2] 0.71+0.03" 0.54+0.04" 0.38+0.04" 0.22+0.04"
A0 BHIA 37 ik 241 16.0 0.58+0.07% 0.35+0.03% 0.26+0.05% 0.34+0.06
IERIRUS R 0.013 5 0.61+0.07> 0.46+0.04% 0.27+0.04% 0.30+0.05%

DAPI

Merge

A B
B4 AMPEZERZ MBI DKD /MR B H R B NF-«BRIZHF I (5525256, x200)
Fig. 4 Effect of modified Buyang Huanwutang on expression of NF-«B in renal tissues in DKD mice (IF,*200)
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