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Interventional Effect of Plantamajoside on Renal Fibrosis in Diabetic Rats

LIANG Xiao', WANG Pan®, LI Tao’, NIU Zhao', CHEN Jing'
(1. Dept. of Nephrology Rheumatology, the No.2 Hospital of Baoding, Baoding 071000 Hebei, China; 2. Dept. of Pathology,
Affiliated Hospital of Hebei University, Baoding 071030 Hebei, China; 3. Dept. of Clinical Lab, the No.2 Hospital of Baoding,
Baoding 071000 Hebei, China; 4. Dept. of Oncology, the No.2 Central Hospital of Baoding, Baoding 071000 Hebei, China)

Abstract: Objective To explore the prevention effect of Plantamajoside on renal fibrosis in diabetic rats. Methods
The newborn rats were randomly divided into normal group, model group, and low—dose, medium—dose and
high—dose Plantamajoside groups, with 6 rats in each group. Except for the normal group, all groups were given a
single intraperitoneal injection of streptozotocin (STZ) on the second day of life to construct a diabetic model. From
week 12 to 16, rats in the low—, medium— and high— dose Plantamajoside groups were given 10, 20, 40 mg-
kg™'+d™ of Plantamajoside by gavage, respectively, and the metformin group was given 25 mg-kg™'+d™ of metformin
by gavage. At the end of the dosing period, blood and urine biochemical tests were carried out, and renal tissue
oxidative stress indexes were measured, and renal pathological changes were observed by hematoxylin—eosin (HE)
staining. Immunohistochemistry was used to detect transforming growth factor (TGF)— level in renal tissues, and
Western Blot was used to detect a smooth muscle actin (a—=SMA), E-cadherin, TGF-B, Smad2, Smad3 and
Smad7 protein expression levels in renal tissues. Results Compared with the normal group, blood glucose level and
total cholesterol (TC) , triglyceride (TG) , urea nitrogen (BUN) and serum creatinine (SCr) levels were
significantly increased in the model group, and insulin, total protein (TP) and albumin (ALB) levels were
significantly decreased, while the levels of urinary protein (PRO), octetic blood(BLO) and bilirubin(BIL) in the
urine were significantly increased in the model group (all P < 0.01), and the renal tissue showed significant
fibrosis changes. The level of malondialdehyde (MDA) was significantly increased, and the levels of reduced
glutathione (GSH) , glutathione peroxidase (GPx), glutathione transferase (GST) and superoxide dismutase (SOD)
were significantly decreased, and the PI value of TGF- 3 was significantly increased in renal tissue, while
E-cadherin and Smad7 expression levels were significantly down-regulated, and a—=SMA, TGF-B, Smad2 and
Smad3 expression levels were significantly up—regulated (all P < 0.01). Compared with the model group, the
above indexes were significantly improved in the metformin group and medium—dose and high—dose Plantamajoside
groups (all P < 0.05 or P < 0.01), but the improvement was not significant in the low—dose Plantamajoside group
(P > 0.05). Conclusion Plantamajoside can inhibit renal fibrosis in diabetic rats through possible regulating
oxidative stress and TGF—(/Smad signaling pathway.

Keywords: Plantamajoside; diabetes; renal fibrosis; oxidative stress; TGF—[/Smad signaling pathway; rats

Wl R ' 2 2 oK Y BT PR 28 A P ol e A
0 BN L5 DR A A DG R 1R D e
TNZERE S i AR R B/ NERIBOR AL )5
LA LA L B IE T REHFEE TR XU B £ 4 fk
JEIEM R B I A EALES . ARSI, R
T AT A0 v A 0 AR A I ) RE
SO AR i S RE B R AR, X AL BEOK R
HIEAT R AR ™ AL PR OR 2RI X PR i 14
SR ALE B ANTEAE . I, ABFTEER T RS
B H R SE R T 2R (STZ) B35 URE DR R U T RE

A BRASE M B AL, LASUI oA DR A 4 i R
RIS H AR, BURHT A R B o

1 #MH5E7 %

1.1z A sSD R 36 H, MR, F
Zi 1 JE ) SPEFRE R A b 5t 238 A A2 5256 sh P4 R
AIRAF, i imGH8IES : SCXK(5T)2016-
0006, SPF S 45 20 4 il 57 2 I FE 45 1 78 21 C A2
fi . MREEESHITE 55% /i A7, 6 RE/RRE A A 12 he
KR S50 i Tl R R PR SR 1A . 1K



124 G, AR YRR H ORI K BB LT ARG T 2731

B RCEEENSE —ERI e HE R Sw
fit, FFESPeHEN .,

1.2 HMERF KEFH[F 28 CoHsO,
i 64059, EAOEAH IS (HLPC) = 98.0%]
WA i B AR A R AR, S 104777-
68-6; —HIXUAK(Melbine, HLPC = 97.0% ) HIT.
WAl TRHEA AT, #5 . 1115-70-4, &ERME
HZ (STZ, HLPC = 98.0%) W AL 5t 38 K i A4y
HARABR AT HARZE-L(HE) Y il A &
HKRERHEARA T N (MDA) | iR JE 4 B
HIK(GSH) . & H KIS AL EG (GPx) . A BEH
JREERSRE(GST) . AL PIE AL (SOD ) SEAG ik
R H A ORI A FRA 5
SR REDUTE 3T (RIPA ) 4R 5% vh i (P 50 e /R A=
YR A BRA ) s ek R (BCA )7 & (i
SO EIFRHEARA ) Rk IER TGF-8.
«-SMA . E—cadherin. Smad3. Smad2. Smad7ZFEi
T REBTAR AL E 50 e e BR 1 (1gG) BA TE B BT iA
g H L [E Abcam 23] o

1.3 {XE&  Urtest—=500B JRIGAATAL, W FEEMLL
FIRFEYT i TR B A B Rl 5 MuLTI-SKAN GO 7
4 [ S EEFRAL, 14 F 9% E Thermo 23 ] 5 HCC400
A IERSIHL, WA AR E AR AT R
5wl FluorChem HD2 BEHE AR R 58, W H L [E
Proteinsimple 23 )

1.4 44, EEESAELHIE K Kb
BT A IER 4, BRI, KERHMK. B, &l
WA, XYL, Bdle H., B, KA
ik, . R, XU K BUE AR 2 R
F 1 I P B YR TE 5F STZ 50 mgrkg 5 b FR 5 A5
RIS E R 25T I T A i 0.1 mol/L AT R TR E:
GEpi . S JEJE, KBTI MM K-, i
W 55 T 250 myg/dL BV AT 50 Ay i AR 2™, KRR
IR 4G, RERL. T, mRlEg KR 5
XN E B KERIFF 10, 20, 40 mg-kg'-d™, —H
XUIRH HE B — F XK 25 mg-kg ™' -d™", F&e4 ],
RIS 12 ~ 16 Ji] o LB e 1R, WHE 24 h R,
JPRIE 5 AU IR AS I 2H 2

1.5 MBEHREHE

1.5.1 s Afodr LR RIRIEREMBE, 5
B o A A A Bl AR AR 43 B ASOR: D R R af o 7
OB RERL(TC) « Hl =R (TG) | HEHE |

MEHTP), HEH(ALB) | JREZ(BUN) | Il
B LUEF (SCr) K-

1.5.2 FRAENSH B 16 fLEmE NG
1R, WAE 24 W IR, i FH BRI 53 SRS I PR 2
F(PRO) . PRI I (BLO) FRAHLT R (BIL) 1Y 75 i o
1.5.3 HEFE&FWEEEREENL KEAHL
FH40 /L Z R WA A E T, H AU K i A 155
VIR SRIGHEATINNS | IR AR YLt | 1%ER PRI HRY
e, 0.6% BAKIRWE . 0.5% Drerjeta . H R
K. ZHIRERELE, e Vb ER R E A
T 400 5 A N A B AT O o

1.5.4 'B#ZMDA. GSH. GPx. GST. SOD#m| ¥
BN, O B % R Sl B R
MDA . GSH. GPx. GST. SOD /K-,

1.5.5 %4845 EbnE 4R TGr-3
Fix KEAL A R E R, R e
it BELUTT P 9 2o 4R 0 P i 1, B A TGF-B
Uik (1:800FH)4 CiFa K, SREHMAEMR
PRICI BT, PL3,3 - RPN DAB B, I
KREZY, BEEWIREIK, —HIAGEN, 5)5H
FOUREE o 250 4R P B 55— oA A B PR X B
TGF—B &Ik FHAE W R AR BRI, N ELR 6
PR RGeS PR 4R 2 (PD)

1.5.6 &8 % &WIiT &N E AR oa-SMA .
E-cadherin, TGF-B. Smad2. Smad3 #» Smad7 %& &
ik K AHZBTRE, I RIPA SRR A AR B
B, SREHBCAR & E REAMKRE ., K&
FARE b e A R 7 — 2R 9 A4 T e 58 fe Dk
(SDS-PAGE) 43 & J , T FH 2 T BRAN i B 31 3R
([ iy S-S e a1 [ o e e e i
2 ho 2 HIMA — B B «—SMA (1:1 000) .
E-cadherin (1:800) ., TGF-B(1:1 000) ., Smad2
(1:1500) . Smad3(1:1500) . Smad7(1:1 500)
4 °C HHAR . FIAXT R BHAR T AP AR 1
LB fR R e R 1eG UM B (1:2 000) % &
M1 h, faiiigssfbss 26 (ECL) iR gt .
. LLGAPDH AN Z, ffi H] ImagePro Plus 6.0 X
P B 8 1 25 B O A, 25 R DL BARE A
UGB/ N S E AR E RN

1.6 ZitAE  RHISPSS 21.0 48 A4 74K
YoM o BT SR USSR + bR 25 (v £ 5) 3
/N, 28 Shapiro-Wilk #50 & BIAF & RIES M, £



2732

P2 AR

2021 455 38 4

2 LR R R 22 W %%%whm
JﬂﬂKﬁ%oUP<MEﬁ§#ﬁﬁﬁ%

2 4R
2.1 BHEXRMEELIERILE SIEw4HE,
Y 2 A BRI 7 & )2 TC. TG, BUN, SCr7K>F-

PR EFETE(P<0.01), MBS, TP ALB /KR
PR ERIR(P <0.01); SR R, KRt

R R BB S & R TC, TG, R ZE . TP,
ALB. BUN. SCruKF¥ T A8 4k, K
r e R A OSBRIt B i 2 TC
TG. BUN. SCr/K-¥- & & K (P < 0.05 5 P <
0.01), TifERZE . TP HIALB /K V-2 5 E T & (P <
0.053 P <0.01), EARZEHEILE 1,

2.2 HBAKXRRKR®EF PRO, BLOFIBILEEH
tb# HIER A, SRR BRI H PRO.
BLO FIBIL & & ¥ i E 3 £ (P < 0.01); SHAIL
Fe, KA mTH IG5 i 4l K BUR W B PRO. BLO
MIBIL & &5 B, RERHH . mifled
A H BN R B PRO . BLO 1 BIL 5 24
W (P <0058 P <0.01), EAAZRILE 2,

2.3 BRAKXKRBHAMAREBTUHLLER EWFAKR
BB /N VB /NERTEARBEIN] , A UL5 21 384 A 1
INERFEICHE . RERUZL S /NER R AE B, B/
BRICICREG S, B /NER G Bl 4, B 40 00 5
JE, BA4AMNE. REaHH . &ilaEf—H
UNRA K BB 2 800 BE AR 77 BH s e, R4S
A S AR R, BARZE R ULE 3,

2.4 BAKXRREBALSHMHKFEMNEEE SIE
WA, BRI K U 414 MDA KV 8 35 T
(P<0.01), GSH, GPx, GSTH1SOD /K-t %
(P <0.01); SHEARIA I, KERTHIG =
KEEAHLIMDA . GSH, GPx, GSTHISOD /K-
TEW AR, RZEFTH AL R 2 H UMK
ZH K BUE 4120 MDA 7K F- e ZEBEIR (P < 0.05, P<

0.01), GSH. GPx. GST F1SOD /K- i # T+ &
(P<0.05, P<OOUO/J$ LR 4

2.5 BAXBRBHEATCF-B. E-cadherinFla-SMA
FRiktbki SIEWA A, BRI K EE AN
TGF-B i PI{EL i E T+ (P <0.01), E-cadherin ik
KB ETI(P<0.01), a-SMA Fik/KFH 5%
P <0.01); SEAI R, KRAHTTHIRHE

=
1

I

- ™)
® 9

)

)

A w0 g B s
= 300k = 6fF
= 2 - ®
E - 2.l '
\_E/ 200 6)] @ 54 ®
= N>} ©)]
- |Z‘ o ’7|I7|
L S S s
SN PR % % PN A AU X X
FES TS S SN
AR a8 &
s s
O O
E 80 F o s0F
B
& @ ®
2) 401
60 o~
— @ [
e = 30
20 40 50
= 5 20
F
20 <
10
OB B B 0 Y
SR S ST R S i
AP @/ 2%/ y/ Q’/ fﬂ <\
@& )&y @S&&”@\&%@&&@-@ K\;?“ 4 ”’i\& ,,(\"?’ 4_\\‘3’ @_
&xgé&ygéw&% v %C{é %i% A’é 2
R RN

R
0 ﬁ

TG(mmol-L™")
=k
~~ "~ ~H
N H
7\ \\He

i 2 (wU-mL™)

0
DA SR SR D) \& »%
FESS S §9%®§@\§
SR S
BART R R ;”\
KK A,
O SR
G I5r H 60
o )

40 @

BUN(mmol-L™")
2 i 2
SCr(mmol-L™)
S S
b
&:SSZQ@
&ZESQ

g \%%

7 Q’Q"/

FESTS S FE IS
S TS s
T S 7
AT K
RIS o

A, IfiffF; B.TC; C.TG; D. & ZE; ETP; F.ALB; G.BUN; H.SCr

DP<0.01,

Figure 1

HIEWHI®; @P<0.05, @P<0.01,

ERRIA A

E1 SHEKRMKEELIERILE
Comparison of blood biochemical parameters in rats of various groups



5124 L P N I8 DO S PN e R f s e (B 2733
A e B lop c o5

He

@ @
% T
N ? 0.8 oL

@
o 2
.ﬂ ® 0.6
0ok 5 @
% 3 0.4
r m ozﬂ T E)
=" 0.0 o= Flﬁl
g & B

BLO(mmol-L™)
BIL(mmol-1,")

TS & & S F B F S &
S ,,& & M&@& & A% N T 4@ & M&ﬁ
&
EN %\ N v & A&;f\ &{A\\ v N %\ N v
AR i Al A AR i

A.PRO; B.BLO; C.BIL
OP<0.01, HSIEF4IHHE; @P<0.05, @P<0.01, SHEAL K
B2 &AARRFRKHPRO. BLOMBIL & EMLE
Figure 2 Comparison of PRO, BLO and BIL levels in urine of rats in various groups

b, fI KR e —— . — A

E3 HHEXRBAARETHILR(HELEE, x400)
Figure 3 Comparison of pathological changes of renal tissue of rats in various groups (by HE staining method, x400)

A 1o B 50 C 0
@® 3 ®
~ 8 I wolf5 @ I % —~ 4o "
s @ o Too
E o TED:%O- ) E 30 @
£ ¥ g o)
E E:/ 20 3 20
< = =
[=) &) &
= 2 10 QS
B P 0 & & S 0
é‘% @9’ S ,,«\\ FESLS @%’ & g ?\% e
&&&*&% %&% // &%,\’?‘ &K‘% %{é 2 %% &Q’é ,yf{é //
A Ol o nl L o
D S0 E 20
T ® ®

GST(pmol +mg™)

3

40-? 2 T }

~ 15§ 5
301 2

= 10H ®
20H =

=

B ﬂ
10
’ &

B o

0
5B
R »a\ %\% & Rl @%&%\@g@ &

\
S &”gé ’ S8 7
SR SR

A.MDA; B.GSH; C.GPx; D.GST; E.SOD
DP<0.01, SIEH4IHHE; @P<0.05, @P<0.01, SHALHHE
E4 FHEHRRBALASUMHKTFRLLER
Figure 4 Comparison of oxidative stress levels in renal tissue of rats in various groups



2734 TR B 2R Al

2021 4F55 38 4

HREEHLATCF-BHIPI{E . E-cadherin Fl a—SMA
FBACFH T WAL, KRERTH . & HlEd
= HOBUIRZE K BV 2121 TGF-B 1Y PH I 35 FAIG
(P<0.058%P<0.01), E-cadherin kK%
WP <0.058,P<0.01), a—SMA FEik/KF14 %
TP <0.058P <0.01), EARZEF KIS,

2.6 BAAXRBALTCF-B. Smad2, Smad3 0
Smad7 RIELLE HIEWA A, BIRA KRB
21 TGF-B. Smad2 F1 Smad3 ik /K V- B & 4
(P <0.01), Smad7 FRik /K3 #E TP <
0.01); SHEIAIA b, KRAH AR &4 KRS
HZITGF-B. Smad2. Smad3 Fl Smad7 # ik /K F-15
TeUI AR, KRR L ) AR UK
HAFEHL TCF-B . Smad2 Fll Smad3 ik /K- ik
FZTFR(P<0.058{P<0.01), Smad7 FiAKF-H
Z FE(P<0.058P <0.01), BAARLGEHILK 6,

3 itk
B 24 ZE 0 RO BT R Y 41T Plantago
asiatica L. 8 F-ZE 7 Plantago depressa Willd. [+ pCe!

SR OMH, PEFE. HF. Mg, HAEEMRA
PR . R DIRL, I TIRTT KM
PO IR . B NRTER L ok AL L O RS B SR
SE o KGR N ERTRE LR . AWFIE4s
SR, RIEHTH AT 8 2 PO Ja s R BR il vl 5 o
K TC, TG, BUN, SCr/K¥-, FtEilEZE . TP
ALB/K -, /bR PRO. BLO MIBIL &4, Ui
BB ALY . RUIKERTH 7T LAMGE STZ 175
S B PR R BRI L IR PR v R O B 43
55 BRI P34 2

UM AL SR R, IR AR E
BURE M, - SMA A by J2 JIL B £F 4E 4A 9 5
A, A L AR R R IR 1 R 2 IE A
K E-cadherin & B /NE IR ML AOFRICY), TE
M AR AL R E AR, R b R )
ALR AR R L, T R 1) S A S B A e A
B A R B, AR AR BN, KA
Fra] A R R BB 4H 20 E—cadherin 2235 7K
T a-SMA FRIAIK-, RWIR G111 TR IR
5 K BB ELT AL AR

A .
~ 6 D
O
o @
&
3 @ @
N m |7|
GEI R R D B
PN I 2% 2% QO
FF I $
RO OO
. . . EEE 7
d. KA R AL e KARTH R RAL £, FXURAL ij"“ . S 5 S
1.0~ 0.8
B E-cadherin -— L — — C— H_ ® @
% 038 3 B
_}SJ ® 2 0.6
4 ~N
GmSMA  ————— iR 06 ' ) 7| @
= D B o4k
$ 04 / = ¢ o
GAPDH S S S S - = 4 % %
< 0.2F
S 02 ! =
T Y A < e ’7|
§ x@ﬁ%@\ @\%/}é@\ & 0.0 L~ ool
& & &7 S B B D B B THD B S
X X X SN %@ /& %‘%S %& %\0@ /&
AR KT K AR RS K
AR AR

A B HBTCF-B BAYER A 0 5 R IR K (e dl 21k 27ik, x200); B. B 414 E-cadherin fTa—SMA [ LK 2517 BIR S

IRV (E A RBEEN %)

DP <001, SIEFALE; @P<0.05, @P<0.01, SHML 1E
E5 HAKRSZMHLATGF-B. E-cadherin #1oa—SMA Rk L%
Figure 5 Comparison of expression of TGF—-f3, E—cadherin and o—SMA in renal tissue of rats in various groups



512 L NN TR 7S PN R = e X F AR S (! 2735
A TGE—[  — m— e co— c—— B 1.0, @

Sinadl - ———————
Smad3 e ——————
S]] . . ——— —

GAPDH = - cmms S s S S

TGF-B Fik/KF

Smad7 FikKF-

Smad2 FEik K

s 2 g
NN\
L~ H

Smad3 &3k K
g 8 8 7
N

N S S S S S S > B B S
3 G S <
& & &7 A & &S

g N
RIS X

2

>§~
A. TGF-B. Smad2. Smad3 Fl Smad7 {4 A EN L LK S5 5 B. TGF-B R IE/KF; C. Smad2 FiE/KF; D. Smad3

FihIKF; E. Smad7 Fik/KF

DP<0.01, HIEF4ILHE; @P<0.05, @P<0.01, SEML LK
6 BAKXRBHALATGF-B. Smad2, Smad3FlSmad7 FKiALLE
Figure 6 Comparison of expressions of TGF—B, Smad2, Smad3 and Smad?7 in renal tissue of rats in various groups

TGF-B 7] Ji3 ol 28 MURNAE 28 MLk 458 A ¥ 2 A=
Y1300 . TGF— B 8% 22 o B 2 4k Ak 1 SC B A7
[, ER—FhA Y EE AN, E s R
JE A& Smad2 Al Smad3 15 P A 3 B £4F 44k, H
M1, Smad {55 B AR TCF-B A5 S AT HE
AL ) BB, TCF-B1 A HZ G
A B AR AL IS R A T Smad2 Al Smad3 & 4 H:
AYIAER . AR, B Smad2/3 5% ULAY Smad4
W IRE GY, It5 hr ik A 40 iz LLZS & 91
FRIIE R R, LRI A R, Smad3
B VTS, X Sl R E3 RO A
HLH] T V6 Smad7 45 5", Smad3 Fl Smad7 Z
TE1) F P i 7 5 BOVL T 2 2 i & R TG AL, il
YL B A R, IR LR 54, F
SRR R AH S AR R LT 3h 1 2= e s s R )
Tk SR T AR FAB IS, 00 T AN Smad3 45 £ 4k
AR, WRASEEF4EM, Apoas R
R, KERTHEENS _LIH STZ 175 T AOME R Bk K
U 4H4 Smad7, FIHTGF-B. Smad2 Fl Smad3 %
ik, SES4bias—8 Hik, FRATHEN
KAERGH AT RE S8 1 9855 TCF-B/Smad 15 518 ok

IR PRI K BB 2T 4k

W R 9 B a2 ph e IO AR R 2 R G S S A ¢
K= e B MR BLE S R, SAAbR 35O b R
B il A LR o AIEIE A, v i A A R Y
BNE LR M, A AR (ROS) , i
TGF-B1 KA R, RAPEFLAUELS, kAP
3T =R C AT G s Ll W N7 A o = 2 1
P40, A R R PR B O R A T A
PLHI™, ARRFFREE R BN, KAEFT ol R PR
K EUE 12U Bt S e MDA JKSF-, FHeEdi L
fitt GSH, GPx. GSTHISOD /K-, FM KA RIH AT
DA PR 9 A BV U AP0 I R VT, AT 9 2
AR

ZE BTk, KRERTH EE STZ 7% S 1M R %
KEVERES s FLF ik, HALHI AT 6e 5 905 &k
7 S0 A TGF—B/Smad 15 518 A 5%

SE

[1] DAIH, ALSALHE T A, CHALGHAF N, et al. The global burden
of disease attributable to high body mass index in 195 countries
and territories, 1990-2017: an analysis of the global burden of
disease study[]]. PLoS Med, 2020, 17(7): e1003198.



2736 JUR B2 R 2E R 2021 4F55 38 4

(9): 643-661.
[12] LI A, LIANG L, LIANG P, et al. Assessment of renal fibrosis

[2] TOMINO Y, GOHDA T. The prevalence and management of

[l

[

[l

[

[

[l

[

diabetic nephropathy in Asia[J]. Kidney Dis (Basel) , 2015, 1
(1): 52-60.

QI C, MAO X, ZHANG Z, et al. Classification and differential
diagnosis of diabetic nephropathy [J]. J Diabetes Res, 2017,
2017: 8637138.

ZHAO L L, MAKINDE E A, SHAH M A, et al. Rhinacanthins—
rich extract and rhinacanthin C ameliorate oxidative stress and
inflammation in streptozotocin— nicotinamide— induced diabetic
nephropathy[J |. ] Food Biochem, 2019, 43(4): e12812.
P, SRbE . 7SR b BOILIE S R £ NF-kB K TGF-B/smad XU
53 B U I D A ARE S TR L) ). T M T B 2R
24, 2019, 36(2): 99-104.

XIAO D, YANG R, GONG L, et al. Plantamajoside inhibits high
glucose—induced oxidative stress, inflammation, and extracellular
matrix accumulation in rat glomerular mesangial cells through the
inactivation of Akt/NF- kappaB pathway [J]. J Recept Signal
Transduct Res, 2021, 41(1): 45-52.

JUNGHY, SEOD W, HONG C O, et al. Nephroprotection of
plantamajoside in rats treated with cadmium [J]. Environ Toxicol
Pharmacol, 2015, 39(1): 125-136.

BAIG M A, PANCHAL S S. Streptozotocin—induced diabetes
mellitus in neonatal rats: an insight into its applications to induce
diabetic complications [J]. Curr Diabetes Rev, 2019, 16(1) :
26-39.

GHULE A E, JADHAV S'S, BODHANKAR S L. Trigonelline
ameliorates diabetic hypertensive nephropathy by suppression of
oxidative stress in kidney and reduction in renal cell apoptosis and
fibrosis in streptozotocin induced neonatal diabetic (nSTZ) rats[J].

Int Immunopharmacol, 2012, 14(4): 740-748.

(10] R4, BRfR. L0855 K1 X BEMR A T 3R 7 S Dol X Bl

B, s ABLEALRE TR M L) ] BRI SRR, 2015,
30(8): 933-937.

[11] BULOW R D, BOOR P. Extracellular matrix in kidney fibrosis:

more than just a scaffold[J]. J Histochem Cytochem, 2019, 67

in a rat model of unilateral ureteral obstruction with diffusion
kurtosis imaging: comparison with alpha— SMA expression and
(18) F-FDG PET [J]. Magn Reson Imaging, 2020, 66(2) :
176-184.

LU Q, WANG W W, ZHANG M Z, et al. ROS induces
epithelial- mesenchymal transition via the TGF- B1/PI3K/Akt/
mTOR pathway in diabetic nephropathy [J]. Exp Ther Med,
2019, 17(1): 835-846.

EAR, DRI BRSO PR B I R B T AR Al A 1Y
TERILIL. BE2por TAEM)F2%GE, 2019, 16(2): 180-185.
XU B H, SHENG J, YOU Y K, et al. Deletion of Smad3
prevents renal fibrosis and inflammation in type 2 diabetic

nephropathy[ J ]. Metabolism, 2020, 103: 154013.

[16] SONGMK, LEEJH, RYOOIG, etal. Bardoxolone ameliorates

TGF-B1-associated renal fibrosis through Nrf2/Smad7 elevation| ] ].
Free Radic Biol Med, 2019, 138: 33-42.

[17] GIFFORDCC, TANG]J, COSTELLO A, etal. Negative regulators

of TGF-B1 signaling in renal fibrosis; pathological mechanisms
and novel therapeutic opportunities [J]. Clin Sci(Lond), 2021,
135(2): 275-303.

[18] DEVOCELLE A, LECRU L, FRANCOIS H, et al. Inhibition of

TGF-B1 signaling by IL-15: a novel role for IL-15 in the
control of renal epithelial- mesenchymal transition: IL- 15
counteracts TGF- B1-induced EMT in renal fibrosis [J]. Int J
Cell Biol, 2019, 2019: 9151394.

ZHOU B, LI Q, WANG J, et al. Ellagic acid attenuates
streptozocin induced diabetic nephropathy via the regulation of
oxidative stress and inflammatory signaling [J]. Food Chem

Toxicol, 2019, 123: 16-27.

[FTiE% 4. 1&mA]





