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Effects of Liuwei Dihuang Decoction on urine protein and glomerular
p-p38 MAPK, a-actinin—4, and synaptopodin in mice with
adriamycin nephropathy
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(Abstract]) Objective To investigate the intervention effects of Liuwei Dihuang Decoction (LWDHD) on urine protein in mice

with adriamycin nephropathy (ADRN) and its possible mechanism. Methods Five of 30 SPF—grade male C57BL/6 mice were randomly
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selected as the blank group, and the remaining mice were injected with adriamycin (0.01 g-kg™) via the tail vein to replicate the
ADRN model. Two weeks later, the successfully modeled mice were randomized into the model group, the benazepril group, and the
low—, medium—-, and high—dose LWDHD groups, with 5 mice in each group. The blank and model groups were given an equal
volume of water for injection by gavage. The benazepril group was given 0.001 3 g-kg™ benazepril by gavage, while the low—,
medium—, and high—dose LWDHD groups were given 9.75, 19.5, and 39 g-kg? LWDHD by gavage respectively, once a day for 8
consecutive weeks. Automatic biochemical analyzer was used to check the 24-hour urine protein quantification, and the serum
levels of albumin, creatinine, and potassium in mice. HE staining and electron microscopy were used to observe renal pathological
changes and foot process morphology. Immunohistochemistry and Western blot were used to examine the expressions of
phosphorylated p38 MAPK (p—p38 MAPK), a—actin—4, and synaptopodin proteins in mice kidneys. RT-PCR was used to examine the
expressions of a-actin—4 and synaptopodin mRNA in mice kidneys. Results Compared with the blank group, the body weight, 24—
hour urine volume, and serum albumin level of the model group decreased, while the 24-hour urine protein quantification increased
(P<0.05); hyperplasia of glomerular mesangial cells, partial mesangial area expansion, renal tubular protein casts, and interstitial
inflammatory cell infiltration were observed, with extensive fusion of foot processes; the expressions of a-actinin—4 protein and
mRNA, and p—p38 MAPK protein increased (P<0.05), while the expressions of synaptopodin protein and mRNA decreased (P<0.05).
Compared with the model group, the pathological changes and foot process fusion in each intervention group were improved to
varying degrees. The quantitative reduction of 24-hour urine protein was observed in the benazepril group as well as the medium—
and high-dose LWDHD groups. The expression of p—p38 MAPK protein decreased in the high—-dose LWDHD group (P<0.05), while
the expressions of synaptopodin protein and mRNA increased in the low—, medium—, and high-dose LWDHD groups (P<0.05). There
was no statistically significant difference in various indicators among benazepril group and the low—, medium—, and high—dose
LWDHD groups (P>0.05). Conclusion LWDHD may relieve renal pathological changes and foot process fusion, alleviate foot cell
damage, and reduce urine protein in mice with ADRN, by inhibiting the activation of the p38 MAPK pathway and upregulating the
protein and mRNA expressions of a—actin4 and synaptopodin.

(Keywords) Liuwei Dihuang Decoction; proteinuria; p—p38 MAPK; a-actinin—4; synaptopodin
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topodin mRNA FRik MR A7) & Ui BH il 4 1 2 81
ARNA, ZAMHEEEEH NANO 2000 J15E 85 R A H
RNA AW EE , % RO & U DK S RNA SUfE SR
cDNA ¥ cDNA BRI R NAR R, R 2554495 C
BAEE 5 min,95 CAEME 10 5,60 CiRk 10 5,72 C
FEMH 15 s, 3 40 PMIEFR , Exicycler™ 96 78 E #AY
HEAT I CRE BT , AN SERG A3 M T iR R 2724 2,
SIIFPHITEILE 1,

*1 5MF7
Table 1 Primer Sequence
FEH 51975 (5—37) K /bp
a-actinin-4  IE[M]  CTACCACGCAGCGAACC 239
I GCCCATCCCTGAAGTCC
synaptopodin  IE[i]  GGGAAGACGACAGTTTGGAG 232

JZi]  GGGAGACCTAACCCGAGAA
B-actin TEm
JZ  ATGGAGCCACCGATCCACA

CATCCGTAAAGACCTCTATGCC 171

2.3.7 Western blot 3£l 5 IlE p—p38 MAPK .-
actinin—4 synaptopodin &5 FH#iA/KE B {2 o7 B g
JETNSI S MU A 2HE, VK L5005 min,
BB 4 °C .12 000 r/min B0 10 min 153
R HPEBOR , BCA 1A E B W B 40 g I,
R A8 ER 1531 R/ INage PR I e B2 ) SR A A
JHE B G , A R S B0 200 S R BB R 5% , 43 B TS MR P
8% 12% K H I # % PVDF I I TBST 2% whii
Bel 5% (M/V) BRI = I 1 h, In ARG B 5
#—Pi[p-p38 MAPK(1:500) ,synaptopodin(1:500)
a—actinin—4(1:1 000) ,B-actin(1:1 000)],4 CHFH
W0, R H I E —HUJ5 9 PVDF R Ze5e 48 I
12 A TBST W $2 RFESN 5 min, HE 4 K, IMA

Bt CEHL S [sG-HRP, 1:5 000)37 CHFH 45 min,
¥ E —PUE Y PVDF BN G546l 12 A TBST
o FERIES S min, FE 6 K ECL R LG, KK
R AT B 4 A B R S (Gel —Pro—Analyz-
er ) BT H AR S OGS BE(E , UL B-actin AN
SN T B I AR R IR Gt pT
24 FHIHERE

KH SPSS 22.0 #4741 HAN L, R ORMT A
IER AT 22555, “xxs" 30N, Z 4 [A] L
FHEAL R 285 2208, A 8] FL A LSD K 36 , NP5 A
EATERDT 2255V # H Tamhane's T2 #5560, DL P<
0.05 FnZERAGI RN,

3 &R

3.1 FHHENBR—RIER LR

R KESBTE R 2 d 5, /AR A 45
(RGN N =3 =W G =X 1 @ A S W =R S
2 JEJE AT WS> ADRN ZNGUBAZEK i, 25 P2 A H
P ERIEA, HEE 4 F5, ADRN /NS BRBE IS , 22141
a5 S ORISR Ik, BB I, IR E oKD
HEH 8 Ji,ADRN /NRHE R AR FLUEIAI 45 .

32 BHANMRERE24 W RERM RENIERR
Eb %

5528 A b B DU R AR/ SR
HHSIRAL I SR AL/N RUA R & 24 h R | LT
175 P IR (P<0.05) ,24 h JREE L E = THe (P<
0.05) ; SR L, DUIRE- R 7SR B =S
WRZH 24 h PREE I E 2 AR (P<0.05) 5 DUIBAE 20 K
R/SHRAL R SIRA | RS RALAAL ] b A IR 24 h
PR MLTEEE A K 24 h JRE A E R 2RI S
75 YL (P>0.05) s 4% 4Ll ML it LT 22 53 45
HX(P>0.05), PEILE 2,

R2 BHNMRERE. 24 h [RER I, FRENIEIRELEL (v+5,n=5)

Table 2 Comparison of body weight, 24—hour urine output, blood and urine biochemical indicators among

different groups of mice (xs,n=5)

20 5 R R g 24 hpRiE/mL 24 hJREHEE/(mg24 h)  MEAEA(gL) A/ (mmol/L)  MUILEF/(pmol/L)
A 31.04.53 5.1620.78 0.46+0.16 29.48+2.36 4.37+0.54 15.211.03
AL 22.0+2.45" 2.22+0.47" 1.9740.51% 23.42+1.97 4.0120.50 16.33+1.65

DUTIR- ) 2 22.0+£3.67% 1.98+0.38% 1.36+0.53% 23.20+3.21*% 4.33+0.70 16.74+1.56
[BvaY =i | 23.6+1.52% 1.90+0.51% 1.49+0.42¢ 23.38+2.67* 4.06+0.87 16.62+1.67
rh7S R 25.4+1.82% 2.00£0.45% 1.41+0.39"* 25.98+2.08% 4.55+0.62 16.51+1.51
N 22.6+1.14% 2.2420.58" 1.43£0.22% 24.10+2.80° 4.4620.55 16.60+1.56

. 52 P41, *P<0.05; SRERIZ [, *P<0.05,



1156 1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

2024 4F5R 44 3

B1 &HNRS

AERIR L3S (HE, x400)

Fig.1 Pathological changes in the kidneys of mice in each group (HE staining, x400)
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2 EBHINRE MR RS (EBIA 2 wm)

Fig.2 Ultrastructure of foot processes in mice foot cells of each group (electron microscope, 2 pm)

33 HFHNMNREBAAREESKT
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AL ADRN /INERU B IR 2 DL AS [R) R B 1
INER R A M A o R OR B NS R A
AU R TAT DL AR MR, LA 1,
34 BANBEHMERBHMEHHNT

HLBE T 25 AL/ U 28 25 A0 L ST T, JE RS
SERSERE  ASTRILT T UL R A0 R S S | IR Rl
ELEWA, WEE 8, SR R, 4 T il ik

CERMUUE IR BRI AR . TR 2,

35 HANRE p-p38 MAPK,« -actinin -4,
synaptopodin £& B BRE R IAE 7K T B 5 i

523 UYL LB B A K 45 25 T WAl /N RV
JIE p-p38 MAPK a—actinin—4 25 1515715 (P<0.05)
synaptopodin £ [1RIAFRAIK (P<0.05) ; SHAI L4,
DUAREFIZH /SR 2H p—-p38 MAPK 7E 1 #15FEMI%
(P<0.05) , DUIREFIZH 7SR SR 7S R synap-
topodin £ 1A THE (P<0.05) . DU FZH KA S
MR SR R /SR AL L3S, p-p38 MAPK |
a—actinin—4 synaptopodin £ [1# A2 F LG22 &
X(P>0.05), PEULE 3.3 3,
3.6 HBAMNRERF a-actinin—4 synaptopodin mR-
NA FikEEE

578 4 A BRI R 45 259 T H A /N R B
JIE a-actinin-4 mRNA 5T+ (P<005) synaptopodin
mRNA FIRFEAK (P<0.05) ; SAAIL] L, DR A

iR L IAVURY 7N R

£33 LBHENRGHE p-p38 MAPK, a-actinin—4,synaptopodin
E A PRMERIZKTF (IOD/AREA x5 ,n=5)

Table 3 Positive expression levels of p-p38 MAPK, alpha-

actin—4, and synaptopodin proteins in the kidneys of mice

in each group (IOD/AREA  x+s,n=5)

415 p-p38 MAPK a—actinin—4 synaptopodin
234l 21.56+2.48 27.87+2.10 48.95+4.58
FEAIZH 40.3123.46" 40.30+2.13* 29.43+2.55"

DUARAE A 20 35.48+3.25™ 40.74+3.22 33.84x1.89%
ANy E | 38.08+4.60" 39.83+1.96" 32.03+3.31"
PSR 37.003.64" 41.59+3.117 34.77+3.25%
R7SRA 35.26+3.23" 42.63+2.82° 35.57+3.47%

52 4, P<0.05; S e, #P<0.05,

2l HPISERAL SR 7SR 4 synaptopodink mRNA 235
THE (P<0.05) . DUIBEFIZH S ARISUREE | 7S BRE
R 7S R 41 18] U4, a—actinin—4  synaptopodin mR-
NA FRZRIG AR X(P>0.05), WL 4,
37 FHMNRE B p-p38 MAPK o —actinin—4,
synaptopodin & B &iA L3R

5525 I P RS K 245 T P2/ N BV
p—p38 MAPK a-actinin—4 5 [ #IATHE (P<0.05),
synaptopodin £ [ 52 ik [ (P<0.05) ; 51 U 2 1
AL DAREFILH = 7SR p-p38 MAPK ik A%
(P<0.05), DUAREFIAL ARASIRLL | Hp SR Lo
R 4H synaptopodin £ F 3¢ 35 F+ 15 (P<0.05) 5 DI AR
FILH AR SR TR 7S BRAL | R 7SR AL 4 R] L3, p-
p38 MAPK,a —actinin -4, synaptopodin £ [ 38 15 22
FERGF R L(P>0.05), TEILE 4 3K 5,
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R4 HBHNPMREP oa-actinin—4,synaptopodin mRNA
b %S (ks ,n=5)
Table 4 Comparison of alpha—actin—4 and synaptopodin

mRNA in the kidneys of mice in each group

£S5 BHANREH p-p38 MAPK, a—actinin—4,synaptopodin
FEARIEE B (SN K, x5 ,n=5)
Table 5 Comparison of renal p—p38 MAPK, alpha-actin—4,

and synaptopodin protein expression in different groups of

(xxs,n=5) mice (relative grayscale value of stripes,x+s,n=5)

205 a—actinin—4 synaptopodin 20 31 p-p38 MAPK  a-actinin—4 synaptopodin

k| 0.486+0.068 1.228+0.202 Ll 0.150+0.039 0.416+0.038 0.768+0.055
i) 0.980+0.095" 0.580+0.066* A2 0.848+0.129" 0.814£0.056°  0.328+0.029*
DUAREFI2H 0.984+0.156" 0.712+0.052%* DUARERIZE  0.734+0.044%  0.826+0.038*  0.412+0.030*
7SR 0.970+0.168" 0.680+0.038* 7SR 0.790+0.039* 0.856+0.052°  0.406+0.039%
PSR4 0.992+0.201* 0.710£0.057% PSR 0.768+0.053* 0.8740.070°  0.434+0.038"
RN 1.082+0.213" 0.724+0.067" 7S 0.728+0.045%  0.884+0.062"  0.474+0.044%

52 FHA LG, P<0.05; SR L, #P<0.05,

p-p38 MAPK

a-actinin-4

synaptopodin

ne

FEAN B

4 4
DU FIZH

. 5241, P<0.05; SR H , #P<0.05,

Sial
oW

FRNERE FI7S

l

(AR

ke

B3 FENREHE p-p38 MAPK,a-actinin—4synaptopodin & B F & HLA W F B (DAB, x400)
Fig.3 Immunohistochemical maps of p—p38 MAPK, alpha-actin-4, and synaptopodin proteins in

the kidneys of mice in each group (DAB, x400)

p-p38 MAPK 43 kDa  q-actinin-4

B-actin 42 kDa B-actin
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Fig.4 Electrophoretic bands of p—p38 MAPK, alpha-actin—4, and synaptopodin proteins in the kidneys of

mice in each group
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