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WE:[BH) KA % ook 3t BAE fos B om 60 T IR4E R ALk L [F73E] 4560 R CSTBL/6 N RUIEALS A B F 4L, A
0. MAREAIL, A SEBR L, 15 R, REFA, AR R IR ES AL (STZ) 69 75 ik 26 48 fkos B
PNRAEA, ARG ALY AR WARGFAA, A S BB LM, AR SEmEREA. WA AR B AR e 2
Ay, EEAAER AR R FRRAMK, 48, AHLERE, HN24LEREGEZ(UTP), aF =M atE(FBG). kiR
(BUN). s WUBF(SCr), BaTK 59 R 547 (ELISA ) # il /s R, B 40 40 P A8 A ALHALEE (SOD) . & =8 (MDA ) A= 5B H Ik it
A B (GSH-Px) K-F, 2 AR A 3 #8255 Be 4k (PASM) 4 & Fw Masson 42 &k LR B IR 5 L, R & & LE it
(Western Blot) i 4 3 4 /s 5B IR 28 42 9 p—Smad2/3, Smad2/3 . Smad7 & & kA KF, @4 F-F A8 R N (RT-PCR) %
Ml o) BB IEZE 2R F Smad7., Smad2/3. TGF-B1 mRNA & ik kT [HER] 5 EFarks, HALTFBG, UTP#H 2H 3 m(P<
0.05), BMEALATLHERERT, FRAZFHMDALEEEIH, SOD. GSH-Px &M T &%, p-Smad2/3/Smad2/3 st
18, Smad2/3, TGF-B1 mRNA &L K-FHEHAZ, Smad7 % B 5 mRNA REK-FAREFHE(HP<005); HEEAALE,
A Erig e MAREA) 20 UTP AR (P < 0.05), 269 FLaRiFR A&, FaL+ MDA S E TH, SOD. GSH-Px & A7
%, p-Smad2/3/Smad2/3 }6 14, Smad2/3. TGF-B1 mRNA & ik K F 2 FKAL, Smad7 H &5 mRNA KA KFFFH (B P<
0.05) [ Z5iE] JH4 % Bk 2 T B B4 o Bom s BB 4k, HAuh) 7T AR 5 4y ) AL B8R B A= iR 4% TGF-B1/Smad 15 5
B, TR B X

EE: A SR AR R H; TGF-B1/Smad 125l ; AdLmist; R

HRES%ES: R285.5 XEARERD: A XEHS: 1007-3213(2021)05 - 1018 - 07

DOI: 10. 13359/j. cnki. gzxbtem. 2021. 05. 028

Mechanism of Salvianolate for Relieving Renal Fibrosis in Diabetic
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Abstract: Objective To explore the intervention effects of salvianolate on diabetic nephropathy in mice and its
mechanism. Methods Sixty C57BL/6 mice were randomly divided into normal group, model group, benazepril
group, salvianolate group, 15 mice in each group. Apart from the normal group, the mice in the other groups
were induced into model of diabetic nephropathy by intraperitoneal injection of streptozotocin (STZ). After
successful modeling, benazepril group and salvianolate group were given intragastric administration of
corresponding drug, respectively, and the normal group and model group were given intragastric administration of
the same volume of distilled water. The treatment lasted for 4 weeks. After medication, 24-hour urine protein
quantification (UTP) , fasting blood glucose (FBG) , blood urea nitrogen (BUN), serum creatinine (SCr) were
detected, the levels of superoxide dismutase(SOD), malondialdehyde (MDA) and glutathione peroxidase(GSH—Px)
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in mouse renal tissue were detected by enzyme—linked immunosorbent assay (ELISA) , the pathological changes of
the mouse renal tissue were observed by periodic acid methena—mine silver (PASM ) and Masson staining methods,
the protein expression levels of p—Smad2/3, Smad2/3, Smad7 in mouse renal tissue were detected by Western
blotting assay, and the mRNA levels of Smad7, Smad2/3, TGF-{1 in mouse renal tissue were determined by
reverse transcription—polymerase chain reaction (RT-PCR) method. Results Compared with the normal group, the
FBG and UTP levels were increased significantly in the model group (P < 0.05), and the obvious pathological
changes were seen in renal tissue, MDA content in renal tissue was significantly increased, SOD and GSH-Px
activities were decreased, ratio of p—Smad2/3 to Smad2/3, mRNA expression levels of Smad2/3 and TGF-1 were
significantly increased, and Smad7 mRNA and protein expression level was decreased significantly (all P < 0.05).
Compared with the model group, UTP level was decreased (P < 0.05) in the two treatment groups, and the
damaged renal tissue was improved, content of MDA in renal tissue was decreased, SOD and GSH-Px activities
were increased, ratio of p— Smad2/3 to Smad2/3, mRNA expression levels of Smad2/3 and TGF- 31 were
significantly lowered, and Smad7 mRNA and protein expression level was enhanced significantly (all P < 0.05).
Conclusion Salvianolate is significantly effective for improving renal function in mice with diabetic nephropathy,

and the mechanism is possiblely related to the inhibition of oxidative stress and regulation of TGF- 31/Smad

signaling pathway, and thus reduces renal fibrosis.

Keywords: salvianolate; diabetic nephropathy; TGF-B1/Smad signaling pathway; oxidative stress; mice
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1.1 zh#¥ 8 JEIRIEIESENE C5STBL/6 /N 60 H |
R (20 = 2)g, T L ERNK 22 S 5256

L, sh¥ e A HAES . SCXK(FE)2018-004, 1A
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1.2 BYERF FHHSZmmi( Ligsk
HalZ5 AR AR A, 5. 7220050247) 5 EhR
DUIRAEF1 - (5 3846 ) CBRIIME S 28 2hlk A =, it
5 . H20054771) . &% W4 B %= (streptozotocin,
STZ) (35 [ Sigma 24w ) ;5 U Smad2/3 £ 3¢ BEHT
I 2E R BERR 1L Smad2/3 (p-Smad2/3) £ TR
& /INEUIE Smad7 B RERTIA . /N EUE GAPDH B
v PR (32 [ Affinity A ) 5 JREE FE &2 (UTP)
A& IRE A (BUN)KIRA & . WLEF(Cr) R0
R & (R @A) TR ST ) s A,
AL (SOD) KI5 . P 1 (MDA ) K60 X 551
& A MEH R A A ) B (GSH-Px) i I 57 &
(dt 5T Solarbio 24 F]) -

1.3 =8 FzZEA MBI CREARAR);
T170A 4 A S AEARSHHL (H AR H S AF] ) 5 Eco 52
i % & PCRAX (£ E Nlumina A7) ) 5 1-15K #i# 4
R DAL ([ Sigma A ) ;5 RM-2126RT %I /7
PLC B RAERAFRA R 5 CU600 H /KR E
an (RMETN ST IMA R AT s BXS3 )24 B it
( H A Olympus 23 7 ) ; DYCZ-24D 5 3 7 e, Pk £
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(Jbm/x—7237]); Mini-PROTEAN3 HL ik & 4t .
Mini Trans—Blot 7% £ 4t (& E1 R A F]D .

1.4 S, BEREH 60 H/NRFRE KT E
IS HBENLE RN 4 4, BIIEHR 4, 52
B DURERA . NS E2WmiRihd, BH&
15 Ko NS VR G, lat s s d I8 T
40 mg - kg' STZ (¥ T 0.1 mol/L ¥y 1 2 2% nh ¥ ,
pH = 4.0) #37 DN/NRBEAL . JE 5 STZ 5 d s
RS0 1B K, A5 IURE>16.7 mmol - L7 I A 4] Wi
PRIGIBET S 1 5Ty, e g F W /N BT AR 1 24 h
PRI 2K 1 (24—hour urinary microprotein, UMP)7K
-, 8 JHJG LA UMP > 30 mg S DN A5 1 B4 v,
BCYIEERLE e RS 25 i e L8] e/ BRS
NGO N STp Rk = R Ry e = WAN SR P25 i A
ZMmRihA . HEHHASZHmREES 0.1 mLAE
PR AR K HC BV IS R S R A, RN 25.9 mg/ke
CFH Y T2 i AR 200 mg/d), FR45 T 0.2 mL7&
TR7KTE S 5 DUIREFIZH - o DUJISE- 1] s ol A48 493 75
T 02 ml ZZIR/K TR, FEH 1.30 mg/kg (FH2Y
TR 10 mg/d), FH25 7 0.1 mL Az BEER K G s 7
B IEEARBRIL . AT SRR R K B &
LR KE EEMN . 8H 1R, #5
4 J8 . SEE AR AL/ NI A SET

1.5 MBIEHREFHE

1.5.1 Aduagtrmlg SR SER PR & ik
B, 24 h JRE A S (24h UTP) =R E HHKEX24 h
PREE B KRR E 8 b RERICR I, 4T
ASURG-I 25 1 K (FBG) o HRBRERUM., R4 H 3hE
A 43 BT A4 3 390 10 B 7 vk B 4 ARG I ot v UL T
(SCr). BUNJK-,

1.5.2 BRI % 9% R 547 (ELISA) A m) Bk 48 47
FAL 33 B F SOD. GSH-Px & & MDA 4%
N RS I IS W, AR SOD. GSH-Px,
MDA ELISA i & Uil 4, W BRI T 450 nm
BAAR I E SOD WOCFEAE , K] W2 o6t
T 420 nm P KA E GSH-Px WOGEE(E . T 532 nm
WAL 2 MDA WG

1.5.3 g # g 55 e 4k (PASM) A= Masson # & %
MR MR 2R AL FH 40 o/L 1Y 22 38 F S 11 2 T
B E AL, wROERENK . ZHARE
A PIR (R 2 pm) . WSS . £ R%
BREEKAL)G, PASM. Masson %efty, E ), Jte i
fiBs T K 400 175 R AE 15

1.5.4 &8 %95 9P & (Western Blot) g m] s R B
JE 48 2% p—Smad2/3 . Smad2/3. Smad7 %& & % ik
oL FREC100 mg BFFAHEY, BUREEE T EPE N,
T S0 20 W B R R B 1, JF 0 e 2R
e, BUEREER10 ~ 15 pg, HLIK, Bl %
T HI50 o/LIEAR AW £ AT . InA—HT, 4 CIFFE
W AP, 37 CIEHE 1 h, B3, Frigss

HHNSKIERE

1.5.5 ##F-R4&84 RS (RT-PCR) & 4
Smad7. Smad2/3. TGF-B1 mRNA &k AK-F I
U5, H TRIzol 5 $2 HUE IE S RNA, JFH
PrimeScript %57 & #1757 5% cDNA. ¥4 cDNA
TSt B PCRA ¥ . §3845F: 95 °C 10 min,
95 C 155, 60°C60s, fEH 40 K, 2"kt
B HMEE A mRNA 235K, LA B-actin NINS
5% At 5 Servicebio A Rl & . B-actin [1jF
518 K % A 5 - AGGCCAACCGTGAAAAGATG-
37, FU5IHIFES R 5 ~ACCAGAGGCATACAGGG
ACAA-3", P88 F BAA 266 bp; Smad2 [iF5 |
YIFEH R 5 - AGGAACAAAAGGTCCGGGGC-3,
51 ¥ % 4 5° —~CACTGGCGGAGTGAATGGC
A-37, P BEK N 142 bp; Smad3 35 9T
5145 -GGACGCCTGGGCAAGTTCTC-3", FiiFsl
Y ¥ 5] K 5 — ATGGACGACATGGCTGGCAC-3
P8 R B K BE N 145 bp; Smad7 FIFS I F 5 K
5’ ~CGCGACGAAGAGAGTCTCGG-3", N5y
J¥%1 5 GCTGGGGCTGCTCGCATAAG=3", 434 F
BEK 102 bp; TGF-B1 FIESIYIF S R 5 -
CGTGCTAATGGTGGACCGCA-3", N5 ¥ ¥4
}5’-GCAATGGGGGTTCTGGCACT-3", §14 B
KJE R 119 bp.,

1.6 ZitFiE R SPSS 23.0 i i 4k 8 ab ¥ %k
W, Tk bR IR ORE, DA ER + AR ifE 2
(x £)Fm . BTG IENS 0, Al LECR
TR R Ty 225007, 27 B AN 2 RS PR B
FEARFER, MR HBARGE . PAP<0.05 25
At L

2 #ZX

2.1 BHMR—MEBER EFLDREBOOLRE,
W AR, EPOKE ZIREIENR ; SR/
TEMERT, RBEZE N, HANEZR, £
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. ZIRGERN, BEREF6RR, BAAA 1 3/
BUMBEAISR, TUAMNR; P22 mRihdis o
e 1 H o DUIREFIZHEE 7 e 1 H

2.2 HHMPMRFBG, UTP, BUN. SCr7k FajtLt
B RIGRER, SIEFEALE, BN
FBG. UTP /K~F-H] & 75 (P < 0.05), BUN FI SCr
AR, 2RTHEHEL(P>0.05), #R
DN/NREDIREZ B 7407, SEAAEE, FI&
22 W93 %k 41 0 D1 TR 5 R 26 /Y UTP 7K - J8 2 [ AIK
(P <0.05), FBG, BUN, SCr /K- TG 2 % 25 1k
(P>0.05), H2MMAIPdZ ke, 2RT50T
FREN(P>0.05), RSS2 WRELA /N E

IRESII T REAR 3 T s .

2.3 HBHNREHLZAHSOD, MDA, GSH-Px7KFE
RILEE  R245RE/N, SIEFAIE, BN
FUE 4120 MDA & & i 3 JH 5, SOD Fll GSH-Px
WEPET R, ZRMAESHEL(P<0.05), R
DN /INERAR P 7= A T S AR N SR B 5 SRR L
B, FFS 2R SR AU DR A2 /N BUE 4

MDA F AN [A R AL, SOD Fl GSH-Px {f PE T+
F, ZRWAESGIEE L (P<0.05), H24M8)7
HZE b, 2RI E (P >0.05), £
F+5 22 Wi R L REAE A A5 il DN /INEUE IIEZH 217 41
Ak A

#£1 &HNRFBG. UTP. BUN#ISCrkFERIELER

Table 1 Comparison of the levels of FBG, UTP, BUN and SCr in various groups (x+s)
205 BE () FBG (mmol -1.™") UTP(mg-24h™) BUN(mmol -mL™) SCr(wmol - 1)
IEE 4 15 5.32+0.53 2.34+0.15 10.51 + 1.54 57.68 +3.56
ETRIZH 14 27.03 +2.67" 7.54 +0.48" 9.83 + 1.33 58.24 + 8.74
DU 1] 20 14 27.09 +3.11% 5.37 +0.22% 8.84 + 1.70 54.37 £ 7.72
& Z kA 14 27.12 +3.227 4.16 +0.18 9.32 + 1.56 56.87 = 6.81
@OP <0.05, HIEWALLE; @P<0.05, S
*2 JBHMRBEHLFSOD, MDA, GSH-PxKFHILLE:

Table 2 Comparison of the levels of SOD, MDA and GSH-Px in mouse renal tissue of various groups (x+s)
21 51 FRAL(R) SOD(kU-g™) MDA (pumol +g™) GSH-Px(kU-g™)
EFH 15 133.00 + 11.03 1.19£0.12 604.81 + 53.17
A2 14 83.54 +9.63" 1.84 +0.18" 411.78 +33.74"
DUAIRE 1] 20 14 101.47 +9.59% 1.56 = 0.20? 490.24 + 35.95%
FIZ 2 Wi ihd 14 115.87 + 10.45% 1.44 +0.21% 543.66 + 39.46%

DOP<0.05, SEFALLE; @P<0.05, SHEEIL 1

2.4 SANBREHARETUHER E1H
PASM B B 25 S bR« 1 /0 BRUE 8 S5 A BT
W, JEARBEIN,  BE MR UL IR AL ZH W] UL
INERFLICHEHG R, R 3G 58, dfE /b
S HERIA R, P22 Eh A DUIRE
FIZH /N B LR B A Pl i

Masson Y& {025 0 7R - 1E W 41/ BUE 4 2Bk
EICARG A E W IO B 0 SIEWdA b, #&
RV /NRELRIR 0 5 1GE, ARZ MRkl b
PIMERR, BCIRET4ER 25 JH2 2 ek 20 A1 DU
e 1 2 P P A A AR R A I A%, 2 TR T AL 2 (]
JCHA 25 5%

2.5 FBANMREHLE p-Smad2/3, Smad2/3. Smad7
EARKERILE K248 BN, SIEWFHL
B, BRI Y p-Smad2/3 5 Smad2/3 A THE (P <
0.05), Smad7 £ 1AM BT (P <0.05), £H
DN /N BRI TGF-B1/Smad 15 5 %% 53 5 B3840
SERAA R, S 2B S DU F 4
p—Smad2/3 5 Smad2/3 HAH T (P < 0.05), Smad7
A ISR (P < 0.05) . RS2 ZHIRE:
AT DN /NS 480K A TGF-B1/Smad {5 554 %
i G AL

2.6 FHMNREHLH Smad2/3. Smad7. TGF-BI1
mRNA RIEKFRLLE RIZGRIR, SEHH
He, BRI /N BUE 4 21 Smad2/3. TGF-B1
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PASM

Masson

a. IEH 4 b. L4

c. DUIRE A2 d. PHEZ

B1 SANMRSHEARERESHEE (PASM, Massoniff, x400)
Figure 1 Comparison of the mouse renal pathological changes in various groups (by PASM and Masson staining, %400)

A a. IEH 4L b BRI o DUREFIA A B WREEA

p-Smad2/3 | T —

Smad?2/3

Smad7 1IIIII’>CIIIIIID A — 46 kDa

A. p—Smad2/3., Smad2/3. Smad7 F{) Western Blot LYK 257 3

Fik
DOP<0.05, HEHFALLLE; @P<0.05, SHEMH 1

S | 60 kDa

|52 kDa

B 1.5+
el
e ® [ Fouitil
104 DU R 2
ﬂ% FS Lkl
& @
= @
o 0.5 -
] ©) 2 @

’ p—Smad2/3/Smad2/3 Smad7
B. p-Smad2/3 55 Smad2/3 (YR FIAHXTRIAE . Smad7 8 AHXT

E2 &ANREHLp-Smad2/3. Smad2/3, Smad7 BEERIEIERELE (x +5)
Figure 2 Comparison of the protein expression levels of p-Smad2/3, Smad2/3 and Smad7 in mouse renal tissue of

various groups(x + )

*3 BAMNRBEAHLAF Smad2/3, Smad7. TGF-B1 mRNA Rk KT LLER
Table 3 Comparison of the mRNA levels of Smad2/3, Smad7and TGF—f1 in

mouse renal tissue of various groups (x£s)
251 FRA(HD) Smad2/3 Smad7 TGF-B1
EEA 15 1.00 = 0.00 1.00 = 0.00 1.00 + 0.00
AL 14 2.67 +0.38" 0.31 +0.04” 433 +0.647
DUIRAE 20 14 1.76 + 0.26 0.62 = 0.05 247 +0.35%
F&ZmRihA 14 1.44 +0.22% 0.71 = 0.06? 212 +0.26%

DOP<0.05, SEFAIE; @P<0.05, SHAIL A

mRNA kK0 B 7HE, Smad7 mRNA ik /K-
W PR P <0.05); SHERILALE, S22
1% 5 41 Fn DLJIR 5 K] 40 35 W1 R 98 0 BB 4 4

Smad2/3. TGF-B1 mRNA #ik/KF, L Smad7
mRNA F£iEKF (B P <0.05), H24 G 7422
i, ZREGIEEL(P>005), RFSIEZL
R L FT 30 3H] DN /NEUE 402 TGF-B1/Smad 5 5-5%

Fif % Smad2/3 . Smad7. TGF-B1 mRNA 5k,

3 itk

BHPR 3 5 (DN 20k % T4 s ) — 0 .
TIFRAE, HERIGRRINE R . T LI
VSRR AT TG o DN & 22 16 3 T b 97
HL LRI W SO LN E |
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MRS S5 528 . S S B CHESL . A
PR R N AR PR - D R A A AN
PR E, o Kot s S bl IR 2 S A DN, I8 98 ' 3
vy, B IR AEA R TR AT R R e R

Ak A KT B1 (TGF-B1)/Smad {5 5 75 B 1%
B /N [) Jo Fp e o A 2 A/ BRI ZF 24 4
JurpREZAEHY, HREV, TCF-B1/Smad {75
& T nT LAgs 3 B /NS I i A0 1) AL 2T 24 A
b, DA K 5 4 5 (B R R 1R 1) 2T 48 4 A % £ B
WLET St 40 B, TCF-B1 & MeF 4k K 1, al3i it
AT BCET 24 240 e - 400 ) 35 I o i A 412 1 240 P A
AR & DN &AL A B e R 5 .
AFFEIESE, 7EDN EE T, IiE &R TGF-B1
KFHg e, ik, TR TCF-B1 {55 FKiknI e
BB LR AEALIRTT B9 A F SR AR, Smad 2 12
HETFTAT TGF-B1 SZAAME— M NI, A
STHAGFSES, Z25F5EBESNA
Smad2. Smad3. Smad4. Smad6. Smad7 %, 7£iF
1Y DN /N BUE I A2 i B2, Smad2 Fil Smad3 .
BERR ALY Smad2/3 55 Smadd4 454 344 74 B 40 i %
LR R R A % S . TGF-B1 15 5 18 % h Y
Smad7 J& =B Y GPE PR PR, XeHE PR B 44
BARYPIEN, 75— BE X TGF-B1/Smad 17
AL Tl g B SRR, AR TGF-B1/
Smad {5 53 B CAF BN, A6, BEIRA KN
1Y e LB AR S AT A IR 3 M S % (veactive oxygen
species, ROS) ;=4 575 bR 2 [B 1) sh 28, 2L
MU AR KA, AR 02 DN i —N
BRI, SR PERT , ROS AT LS
TGF-B1, B IR ROS 7K - 14 w5 (1% 5] if £F fifi %5
TGF-B1 /K- iy W 3 . AP 45 R Wos, DN
FERDNRUE 2HZ1SOD . GSH-Px %, Smad7 mRNA
R F R 8K 5 0E 5 A BEL, MDA & & |
Smad2/3 TG AL 7KF . TGF-B1 mRNA ik K F1
BOEH AT . FHI DN /N EIR N LA AR i
W M TGF-B1/Smad {55 5 B A TR AL

B IFICA CBEIRIAE” CRBEIRIE B R e
2o AR R IE IR R, hEEE AR
“VWiE” faE, HAPLOCHETE TR A, 24K
& I AR R A R R, BT A B bR
SCROFREERAE . ARIE DN IR R EL, WUk sk
Jip” A% R “EEEET SEVumE. IARESOA

4 DN B £F Y fb 2202 B 5B 25 R, 4 AMNERh B
M, SHNEZMHEE, KRTE%, Hia<L,
MATEEA , BN A, JHRHE 2%, BUE 298 .
T e I S B P W HE R, R B R I R AR
W, BIR . PR RN — LG L Y E T
B WE 9 1E H LS5, RO A B .
To, DARECE R s B it — 20 R R R
A, RN B NERAE AL Bl 1 ] SR 2F AL

%, NIBIEEHE Y TS Salvia miltiorrhiza
Bge. TR SARZE . Jokye, MRZE, Ao, BT
2, HAWMAER ., M7 0rnTisk, & HTh
7 REO DA . BB AL L D RIR R
iE o P15 2B R & TS IO A SR 4
HEBIEED NS CREE . A IR
B L5 R AT AR AR fL K T S Z B R R T BUE
AR T DN/NERAR RS, 25 7R . REARIAL/)N
BUE IEDhAEFE R UTP, SCr. BUN KEThe, BE
L ZUR] ULB /INBR L P Y R, AR X BH
i 713 o R B A, BLE DN/ R BR
[ P2 B 1 B 25 M R DRE 3 . &S 2 Wit T
HiUs, DN/NEUE IEDhREFeARA FTREAL, Ziin'E
HAUFEN B B . RAPFS ZWRE:E T LA L
M08 DN /N ERUE I R A5 405, DA 9115 DN /N BRI
ENETifE. 54, AMREREER, HS2Hh
FiR £ T L3 Jin DN /N BUE 41 20 Bt 4 fE i SOD .
GSH-Px 34, FRAR LU0 b 44k =9 MDA
FIE, IS 42 Smad7 B mRNA & H AL,
FHPFZS: Z W R ER T 035 DN /IR P & 2E 48 AR
WS S TGF-B1/Smad 15538 I % fLIRAS, &
LR PRI /N B B I 3 A A L IR R

ZE LR, FES 2R ER T LLEE DN /INRUE
Draedbits, HIWBAEALH AT 585 0] TGF-B1/Smad
HAES, W U SRR PR A AL, DA
UL R O N, MR B AR e fb A . AR F
KR NFFS Z TR ERIGIRIA YT DN 24t T 35 5t
filf

SE Ik
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