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Mechanism of Shenluotong regulating NR3C2/SGK-1/Smad pathway in
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Abstract: Objective To investigate the mechanism of Shenluotong inhibiting renal interstitial fibrosis by regulating
NR3C2/SGK-1/Smad pathway. Methods A total of 48 Wistar rats were randomly divided into sham operation group, model group,
Eplerenone group, and Shenluotong group (n = 12). Model group, Eplerenone group, and Shenluotong group used unilateral ureteral
obstruction (UUO) method to establish rat renal interstitial fibrosis model. After the operation, the rats in the eplerenone group were
treated with eplerenone at a dose of 100 mg/(kg-d). Rats in the Shenluotong group were oral given Shenluotong decoction at a dose of
26 g/(kg-d) and Sham operation group and model group were administrated equal volume of saline once daily for continuous 10 d.
Laser confocal microscopy was used to detect mineralocorticoid receptor NR3C2 expression. The expressions of SGK-1, TGF-f1,
Smad4, and Smad7 in renal tissues were detected by immunohistochemistry, Western Blot and Real time-PCR. Results In the sham
operation group, NR3C2 was expressed in the cytoplasm of renal tubular epithelial cells and was not expressed in the nucleus. The

expression of NR3C2 in the UUO rat was significantly up-regulated in cytoplasm and positive expression was observed in the nucleus.
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The expression of NR3C2 in the nucleus of cells in the Eplerenone group and Shenluotong group was significantly decreased when

compared with the model group. Compared with the sham-operated group, the expression of SGK-1, TGF-f1, and Smad4 was

significantly up-regulated and the expression of Smad7 was significantly decreased (P < 0.05, 0.01) in the other groups. Compared with

model group, the expression range and intensity of TGF-f1 and Smad4 were significantly decreased in Eplerenone group and

Shenluotong group (P < 0.05, 0.01), and the expression range and intensity of Smad7 were significantly increased (P < 0.01).

Conclusion Shenluotong can inhibit renal interstitial fibrosis through blocking the activation of mineralocorticoid receptor, reducing

the level of SGK-1, and regulating the Smads signal pathway to inhibit the overexpression of TGF-fi.

Key words: Shenluotong; renal interstitial fibrosis; mineralocorticoid receptor (MR); serum and glucocorticoid-induced protein kinase

1 (SGK-1); unilateral ureteral obstruction (UUO)

B[] R AF 4L (RIF) 245 B 4%l 5 R S5 S
MAEL (ECMD 7E 5 [R5 TR 22 B )9
PR . RO T B B PR AR A, R EUE /D
BB RS 51 RS P A DG, 1 [T 52 474 LI
FIAENGPR IR, AT DARESE S IEws ) e, SR
PEBLEI M ATE 2. PRI, AR Sid i A 8¢ RIF KB
B 21249 NR3C2. SGK-1. Smads/TGF-B; 5 5l
A4, AT R R SRR 2 A B4 F R R ) B % 18
] RIF BIE B
1 M8
1.1 =49

TEEMEE Wistar KER 48 H, 7Rfi= (180+
20) g, 8 Jilws, HIMILEERLR S BN Seis R,
YFAJ{ES SCXK (3) 1205069,

1.2 #)

el GER 15g. 1215, BEH 15¢.
e 12 g, WHEE 10 gv SAEIE 10 g I 10 g, (B
10 g. K3 6.g), HALAE FEREIRML; ARSI,
[ Pfizer A F = o
1.3 {55

7500 Fast Real-time PCR System &[4 344X
(3£ Applied Biosystems A ] ); R G 1T &
4% (Scion Image 4.0.3.2 B4 /- 1T 24%); Trans-Blot
SD ¥4 (3£ [H BIO-RAD A ]); Leica SP8 0%
AR E TS (J5E Leica A H]); RNA
%[l OMEGA Total RNA Kit i 7] & (5 k120G);
T HARF & AL P S A EAR AR A
m L HAL KA TR (TGF-B1) $itfAk (Bioworld
A, #15 AA56133); Smad4 Fifk (Epitomics 23
], fit'5 YH092604C); Smad7 Fifk (Affinity 247,
fit'5 19U72); SGK-1 #Hitk (Affinty A#, s
19U71); NR3C2 #ifk (Proteintech A #], L5
0016122); GAPDH Pifk (Epitomics A&, fits
YI23103P).

2 &
2.1 HAREE

Wistar KR 48 H, B> J9 T AL A4
WG R Fama, &4 12 H. BRA, &
S ) e 2R 2853 4R P Twad Z500F4) 4 o 46 KR
B R RIREAEAY . KB ip 10%7K & SRS JRR I
S DNIRUI A 0 A G R ki e i PR
B, RERRE L 1/3 i 1/3 ZhgEFLIE VI Wi
R, RIGZBEHELIK. BFERAMNERIRE
(HARGEFL ST .
22 H/HFFIE

ARG RO AR 4525, MK ) A 2H 25 7 4 5 ) i
100 mg/(kg-d), Z5¥4% 1.25 g/kg RS FAakld,; &
SIBALL T ESEBIN O FIEM, A4 TREIRE
N2 g/mL), %18 26 g/(kg-d) FEIMANKH AN
B H AR F AR L T2 A B R 7K, BR 1R,
LTI 10d. SRAGEA)E, SR KR
T Wik Aabt; DI HAERRIE I 2 £ s
FRR R, RGBS, Ll 4% 2 KRz
S il A A, P T B T ) 2H 25 B A A
2.3 EHRIERN

ISR RAM'ENE, L 4%% R EERE €,
AU, HEAEYI R, 54T Masson. HE %%
B, B USRI R
24 HAEBEENBERNBRERBEZZTHK
NR3C2 &Kik

5 um BHEVKE VIR 12100 BiiAm s, 5
VRJE NN TRITC il —HiF & 1 h, JEW)E
DAPI etz 53 Fr, OB IL IR A BB U 4E NR3C2
Ik
2.5 TGF-p;» Smad4. Smad7 mRNA #

qRT-PCR 245l TGF-B1+ Smad4. Smad7 FKik.
L RNA, Je#E5% cDNA J53 1. Platinum SYBR
Green gPCR Super Mix-UDG (2X) 10 uL, IE[A5]



¢ 3% Chinese Traditional and Herbal Drugs £ 49 % 5218 2018 £ 11 A

* 5151 -

) (10 pmol/L) 0.4 uL, JIF5[4) (10 pmol/L) 0.4 uL,
ROX Reference Dye 0.4 pL, %% 2 uL, ddH-0 6.8 uL,
JOAAFR 20 uL. 51490 Invitrogen A F] & . TGF-Bi 5l

Yy . B 5 W N 5-TGCCTGACGGTC-
AGGTCA-3* , F i 51 ¥ N 5-CAGGAAGGA-

AGGCTGGAG-3’; Smadd 5|7 %: EhisI¥l
5-ACCAACTTCCCCAACATTCCT-3>, FiE5I4H
5-ACTATGGCTGCCTGCCAGAA-3’; Smad7 5I¥fF
). BUE 5l W N 5°-CCCCATCACCTTAG-
TCGACTCT-3’, Fii5I¥IN 5-GACAGTCTGCAG-
TTGGTTTGAGA-3’; B-actin 5I¥F%): Lis5I40N
5-TGCCTGACGGTCAGGTCA-3’ , | % 5l ¥ 7y
5-CAGGAAGGAAGGCTGGAAG-3’ . PCR ¥ 2%
95 CHAEYE 2 min, 95 ‘CAEME 15 s, 50~60 ‘CiBk
34s, 72 CHEH 1 min, 40 MEH. KA 2724 755
I RIZRE AR AR
2.6 HRIZLENEWRN SGK-1. TGF-pi. Smad4.
Smad7 EBFRIA

K SABC iER M, A7) v s - A6 B2 i K
BREPUFEFIMA— (1:100) 4 CHR; EkE
T E Lh, N SABC 4%, DAB &Efh, DL
BN H AR s AR A PR MR IL, TRARRE G,
ik, W, Hh.
2.7 Western blotting ;%1 SGK-1. TGF-Bi.
Smad4. Smad7 EAFEKIA

VKRB AR5 ISR CAT R BT $EHL
FHMEEASE; DFEMIZHFIIMA loading buffer
95 ‘CH&Ph 5 min JEFFHLIK; Fif 10% SDS-PAGE JIZ,
A 20~40 pg, HIPK 90 V FJK; 0.22 pm PVDF
B 20 V. 40 min 5% SY%MIRADiE=iRE 7 1~2

h, JIAN 14 (1:500~1000), 4 ‘Cid#, TBST &
e 3K, FHK 10 ming JIAZHL (10200000, =i
60 min, TBST j& ¥t 2 ¥, B 5 min, TBS J5¥E 5 min
JERR, PR RN S#ATIRIE.
2.8 SZitFEHE

R RLLL X £5 Ko, A SPSS 16.0 Gtk
PEAT ST 22 A B
3 #R
3.1 KEBELAREBESERT

HE 1 AT, HE JfiioR, BIRA KR E N
EY kIS, Dogum NE L, NE B AR
B, B RE AT WK & AR AR s AR B 2 A
B R RV N R AR T . PRAE R P
B AIRE, RAMIRIE A B 2>, H
B NEPT I TE B B 22 . Masson St o, AR ZH
B IELH A5 A 2L, B R B R B, A
NEZEYE, BRI A KRERJFETUR,  JCLURE T A
S5 MR R 2H % B 4% I 2 T 2 R R i D B
BFARAPEIE L, (HERERH R,
32 HAEEBEENBERNBRERBZZHK
NR3C2 &Kik

HE 2 7T, 455 R BT AR NR3C2 Rk T
ARARIST, BRI ARBH W/ ViE R B I
58, PR BRI s AR 22 B 4 E ZH A A
AT DAILE] NR3C2 ik, (HAHRAIZH B b .
33 KEB4AL TGF-B;+ Smad4. Smad7 mRNA
Rk

1A I, S5EFRLE:, SR H TGF-p,
FE BRI (P<0.01). SRR, % F]ER
M E#IEAH TGF-p RISHE T, JFFHBE%

5

T Vg5 ¥ LN R I
Sl N W% oy W
B YN Wl SIS et o
2. 480 7 | Wpasiaf
i "\‘ K ‘i B -?
. »L_Y -y [ -
ol AN B Y j HE
ook R R R
TN ,\ o_.\_." &
S | ¢ {-; w
AR 7,0y o
s ‘,T.-l::; ™ "f"-~ S .n"“?f.

1 BEXRBEARELSE

PSR VN .)7 Fat

5 e | )A?a 4 )
"j):{;f‘ ,\ il o "i/ i .~ Masson

§\ N4 SN Fg
g (AR T

.'.,.. {,52 ." Y i

(4 i

R 5 43l

5 (X 400)

Fig.1 Pathological changes of kidney in each group (x 400)
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Fig. 2 Detection of mineralocorticoid receptor NR3C2 expression by laser confocal microscopy
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Table 1 TGF-B1, Smad4, and Smad7 mRNA expression in rat kidney (X £s, n = 6)

A HE/(gkg™) TGF-Bi Smad4 Smad7
[EEVN — 1.000+0.016 1.000+0.052 1.000+0.037
A — 2.890+0.221* 1.780+0.070** 0.53010.048"*
AT B 0.1 1.94040.051" 0.94040.029" 0.88040.002°
' 2% 38 26 1.71040.069" 1.26040.069" 0.86040.049"

SEFRALE: “P<0.01; SHEAALE: “P<0.05
**P <0.01 vs Sham group; 2P < 0.05 vs model group
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Fig. 3 Immunohistochemical detection of SGK-1, TGF-f1, Smad4, and Smad7 protein expression in kidney of rats in each

group (SABC, x 400)
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Fig. 4 Western blotting detection of SGK-1, TGF-f1,
Smad4, and Smad7 protein expression in rat kidney
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Table2 Western blotting detection of SGK1, TGF-B1, Smad4, and Smad?7 protein expression in kidney tissue of each group (X *s,n=06)

2H 5 FE/(gke™) SGK-1/GAPDH TGF-B1/GAPDH Smad4/GAPDH Smad7/GAPDH
BFER — 0.53+0.018 0.36+0.010 0.19+0.005 0.57+0.011
Y — 1.3740.029* 1.114+0.037* 0.67+£0.010" 0.23+0.011**
A ) e 0.1 0.86+0.022°" 0.27+0.010"" 0.59+0.015"" 0.39+0.009""
B 4538 26 0.43+0.015*" 0.61+0.066"" 0.43+0.016"° 0.35+0.018""

HEFARMALE: "P<0.01; SHMALLE: “*P<0.01
*"P<0.01 vs Sham group; 44P < 0.01 vs model group



* 5154 -

¢ £% Chinese Traditional and Herbal Drugs

493 F218 2018411 H

Y AR TR A, VIE S 4 e 40 | 45347
FIFLHI S T NR3C2 RiE KAZFALH K.

#h M (MR 0 e i LA AR Rt
WERFEFIEDEN 1 (SGK-D @ RIEEERY,
SGK-1 &z [ ML £ 4eAu A E R R A 0, e T
PBK W NIHE SN, EES5ARARIES
'3, REMEIEGE MR J5, il SGK-1 @A
TREAYEAC A T TGF-B1v MR IEF T TNF-a 555 52F
YA s A SCRSEEUARIBT AL, KB AR
TESS TREEIRARS S, B4 SGK-1. TGF-B; Al
CTGF 3k E 3 m, WI [  mTdd  SGK-1
BEMTES TGF-p L TR T HIRIE, AIMIRRX
FEME |75 5 RIF ALK EE 21 .

TGF-Bi 2 H A2 WA e (1 BT 4 A0 48 i A
T3, AN RIF s EZHERE 12—, Hmk
i5f RIF TR O . TGF-Br HI3R1A5 Smads
B AT, o Smad4 (2HEI R
Smad7 MHHFEIX, 1§ Smads MMM TGF-B; B
i, R R A R R A B . BT
SEOAIESE, %] MR WEL, K42 Smad4 5
Smad7 H)KAT, 0] TGF-B) IRk,

AR SEZ6 R SN PR A REL 5 A SR 1) RIF A7,
BUE RAAS R%6. 24 RAAS %5, Ang-11 i,
W [ P i 48 22, AT JR B 1 B B AP AR A L RO R
AR e R — o 28 P e [l ) 52 A< BELT 791, "
A RS | P [ A, T 400 ) 4 K1 ) 8 B A
ECM FIRE 7ML, AT 1 18] S5t 21 A R RE R T
TRAP S D RElS 10, Fi I SEIG AT, B 4% JE A G 411
RIEN T, IR R AL, Jsz RIF 1
eI, BT s LUB g5l sl AT,
JIE £ AL F2 FE B S ek, NR3C2. SGK-1. TGF-B,
IS RAR TR, 5 W] 2 m] i 41 MR
T, T SGK-1/TGF-B1 fU3&IE, I RIF Ht /.
SE
[1] TIwai Cobait

protoporphyrin attenuates rat obstructive nephropathy: Role

of cellular infiltration [J]. Urology, 2008, 72(2): 432-438.

[2] Djudjaj S, Chatziantoniou C, Raffetseder U, et al.

Notch-3 receptor activation drives inflammation and

T, Kitamoto K, Teramoto K, et al

fibrosis following tubulointerstitial kidney injury [J]. J
Pathol, 2012, 228(3): 286-299.

[3] Ekici A B, Hackenbeck T, Moriniére V, et al. Renal fibrosis
is  the feature  of dominant

common autosomal

tubulointerstitial kidney diseases caused by mutations in

[4]

(6]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

mucin 1 or uromodulin [J]. Kidney Int, 2014, 86(3): 589-599.
Muthukumar T, Lee J R, Dadhania D M, et al. Allograft
rejection and tubulointerstitial fibrosis in human kidney
allografts: Interrogation by urinary cell mRNA profiling
[J]. Transplant Rev (Orlando), 2014, 28(3): 145-154.

Arai H, Hayashi H, Takahashi K, et al. Tubulointerstitial
fibrosis in patients with IgG4-related kidney disease:
Pathological
Rheumatol Int, 2015, 35(6): 1093-1101.

Doulton T W R. ACE inhibitor-angiotensin receptor

findings on repeat renal biopsy [J].

blocker combinations: A clinician’s perspective [J]. Mini

Rev Med Chem, 2006, 6(5): 491-497.

Bolignano D, Palmer S C, Navaneethan S D, et al.

Aldosterone antagonists for preventing the progression of

chronic kidney disease [J]. Cochrane Database Syst Rev,

2014, doi: 10.1002/14651858.CD007004.pub3.

de Kloet E R, Van Acker S A, Sibug R M, et al. Brain

mineralocorticoid receptors and centrally regulated

functions [J]. Kidney Int, 2000, 57(4): 1329-1336.

Hou J, Speirs H J, Seckl J R, ef al. Sgk1 gene expression

in kidney and its regulation by aldosterone:

Spatio-temporal heterogeneity and quantitative analysis

[7]. J Am Soc Nephrol, 2002, 13(5): 1190-1198.

H, Kobayashi T, et al.
SGK1

profibrotic signaling in the mesangium [J]. J Am Soc

Nephrol, 2008, 19(2): 298-309.

Martin-Fernandez B, Valero Mufioz M, de las Heras N, et

Terada Y, Kuwana

Aldosterone-stimulated activity  mediates

al. Relevance of SGK1 in structural, functional and
molecular alterations produced by aldosterone in heart
[J]. Horm Mol Biol Clin Investig, 2014, 18(2): 53-61.
30, 20 30 EOWE, SR RN EEREIER 75 S
) P e L R AE D (0] AR RS SR &,
2013, 22(2): 133-138.

SESE, BOOH, BT, IR G A Az ki
p38SMAPK JE#i%E T ERE4IAL IL1B. TNF-o Al IL6 H
g 0] BEFEERFEM, 2012, 34(7): 597-601.
Klahr S, Morrissey J. Obstructive nephropathy and renal
fibrosis [J]. Am J Physiol Renal Physiol, 2009, 295(5):
1024-1032.

MLLER, AREUA. B BE PR K BB AL 2R DR 1
FH (7). seRBE2EZR &, 2005, 21(17): 1964-1965.
MOKAE, Bk BE, TR, CHIFEEAN” HE
TGF-B1/CTGFmRNA I H1 K bl 5 41 4 Ak 1) LI A 55
[3]. Wb EERE, 2016, 38(2): 1-4.

EOF, BEWNGE, EERE, & B SIE RN EERLME S
T3 K BB IR) BT 2T ALt sg e (D], ob B b s R 4 A O
£, 2014, 34(10): 1238-1244.



