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Uit 3E JE B X 3% AR 1 B 2= 35 AR PR R B e KRR B T 4E L B 2 Wi

MBI, RARK, AR, FEW
(P T AR IR B s A AR A SRR BT 7928 710004)

FE:  PEITAR S (PED) X5 IR/ T8 R (STZ) 1755 s IR B (DN IR BUE 2F 484k 0 52, I 43 b7 20T g
FIFERBLE . Ak 8 40 SR ERBEML A hy 5 ) IR BRI A =570 & PFD 41, R4 10 1, BAIZH IG5 & PFD
YRS I PED 21K SRS s 1 3 STZ(55 mg - kg ™') il 4 DN BB, s A0 ) , M 55 7 & PFD 41K B4 H 4y
B 45T PFD 250 500 mg - kg ™'V, 1E 5 X HRLURIBE R A1 K R4S TS5 R BUA: R K HE B, 32 8 A foft P i (SRS
LK RS I (FBG) (8 42 [ 2 A WAk 40 BT AR T 24 h JRAYCE (186 11 (mATb) | I35 R 25 %0 ( BUN) A1 LT
(Ser) /K-, Western blot 360 5 4 44 v IELT AU AE DG ER 1 - V- UL EE 11 (-SMA) (SR 2328 11 (FN) 25
B (LN) R 5Ab A K B F B, (TGF-B, ) Smad3 Fl p-Smad3 & [ 315K, A 4123 h 7 8 (MDA) i 481k
VIR (SOD) Jad AL S (CAT) K-, S5R 5% % AL E e A2 KB FBG \mAlb Ser & BUN /K-,
B o-SMA LN FN TGF-B, .p-Smad3 %3k /K -7+ , MDA 7K -7+, SOD Ml CAT 3% i Z MK (P <0.05) 3 5
METI 20 He A A L 5 77 PFD 20K B, FBG .mAlb Ser }2 BUN /K L 3EFRAK , B 4 41 o-SMA LN FN TGF-B, ,p-Smad3
FRKT- B2 BEAIG, MDA JKF-FRAIK, SOD 1 CAT 16 B THE (P <0.05) , 4518 PFD nf i@ i B 44U o-SMA |
FN F1 LN ()35 1400 i 40 M 20565 (14 33 13 B UR AN A0 S , 538 DN K BRURF 2T i AR 1, JOAVE R mT RE 5 L
¥ TGF-B, /Smad3 {258 45 5 .

KB MLARJE R  BE PRI B 5 B AR AL s SRR B A AR K - B,/ Smad3 {553 H
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Effect of pirfenidone on renal fibrosis in rats with diabetic nephropathy induced by streptozotocin
QUAN Xiaojuan, LIANG Chunlian,SUN Mingzhu, LI Xiuli

( Department of Geriatrics & Endocrinology ,the Second Affiliated Hospital of Xi'an Jiaotong University ,Xi'an 710004 , Shaanxi
Province ,China)

Abstract: Objective To investigate the effect and possible mechanism of pirfenidone (PFD) on renal fibrosis in rats
with diabetic nephropathy (DN) induced by streptozotocin ( STZ). Methods Forty rats were randomly divided into normal
control group, model group,low dose PFD group and high dose PFD group,with 10 rats in each group. The rats in the model
group , low dose PFD group and high dose PFD group were induced by a single intraperitoneal injection of STZ (55 mg - kg™")
to establish the DN model. After the model successful constructed , the rats in the low dose PFD group and high dose PFD group
were given PFD 250 and 500 mg - kg ™' via intragastric gavage , respectively. Meanwhile the rats in the control group and model
group were given equal volume of saline via intragastric gavage for 8 weeks. The fast blood glucose (FBG) level was determined
by blood glucose reader. The 24 hours microalbuminuria ( mAlb) , blood urea nitrogen (BUN) and serum creatinine ( Scr)
levels were measured by the automatic biochemistry analyzer. The expression of the related proteins of renal fibrosis such as
a-smooth muscle actin( a-SMA ) , fibronectin( FN) , laminin( LN ) , transformed growth factor-g, ( TGF-B,) and p-Smad3 were
detected by Western blot. The levels of malondialdehyde( MDA ) ,superoxide dismutase(SOD) ,catalase( CAT) were detected.
Results Compared with the normal control group,the levels of FBG,mAlb,Scr and BUN were higher, the expression levels of
a-SMA,LN,FN,TGF-B, and p-Smad3 in the kidney tissues were higher,the content of MDA was higher, and the activity of
SOD and CAT were significantly lower in the model group (P <0.05). Compared with the model group,the levels of FBG,
mAlb,Ser and BUN were significantly lower, and the expression levels of a-SMA, LN, FN, TGF-B,, Smad3 and p-Smad3 in
renal tissues were lower, MDA content was lower,and SOD and CAT activities were higher in the low dose and high dose PFD
groups (P <0.05). Conclusion PFD can inhibit the excessive accumulation of extracellular matrix and the process of
oxidative stress by regulating the expression of a-SMA,FN and LN in renal tissues, thereby improve the degree of renal fibrosis
in DN rats. The mechanism of PFD may be related to the regulation of TGF-@,/Smad3 signaling pathway.
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5 R 995 ' 5 ( diabetic nephropathy , DN') 2 4 R
g e HE LIS O R e 2 — , & U 2R B 5
BT B . DN LRI AT BN ] R 2T
4eAk, I B T Be B A R E R, DR, SR fn T 4
ZEANH] DN B /INE 18] 25 44k B RCA 24 1/ 5T
o DN Y 2O R BN B/ Nk ZR R /N ]
JoT L B VAR M P BE A B, e A B AT 1Y
BErdEft, PRI, AE Sl BELIKT B IR 200 A A i o o B 2F
AEALAEBTIA B 1 B . AR OTS 5 0 B A Y
ITE DN [ RHLR R & AR A . ARk
T, EEMIEMEFL (reactive oxygen species, ROS)
FEYI NN — % ( maleicdialdehyde , MDA ) 45 fE 1 35 9%
B N BT B AN SR AL ) S AL B ( superoxide
dismutase ,SOD ) £ B kAR B R ( pirfenidone ,
PFD) J&—Fugn 84 1 lR/NoyF b e B 21k 59, By
ARG PR BRI X DN B 4R 48
AT VER'" o FEsi S8 f, PED REAE I
PeLT Al 40 46 % AL 4E K 7 B, (transforming
growth factor-B, , TGF-B, ) At &3k, Vil /b hl £F 4k 40 ity
T AN ST TAR 5[] Fsf 1015 22 A 8 P DXL B, ol
SRS 5 A R b A A i S e AU A R T
L EZERIATA /G UV 1 DN R[N
JEL AT AR AN IR A 0 B 2 R, 9 o1 UL
N H (a-smooth muscle actin, a-SMA ) F1 i 5 5% &
5 A B O UL EE R AIFE ST 446 . R,
T PFD 1t DN th g4 FIBL A 6 A B o, AR 8 B 7
PRV PED X STZ 53 1) DN K BUE £F 4E ALY 520
it —2L I H DN B 27 4E 40 00 & LTI, D F & A7 3%
1BYT DN B LR 25 2 bR A

1 #HR5HE

L1 sh¥ R 588 Jobee i e s A (e fk
1 Sprague Dawley(SD) Kl 40 H,10 ~ 16 JE#& {45
i 200 ~220 g, g 7 b ut 2 A 42 S ) S g v oL 1)
FRMAIA] B 2 FROK ; 5 IRAK T R (streptozotocin,
STZ) ¥t 5 2 [H Sigma 2\ &), M0tk FH iR ( bicinchoninic
acid disodium, BCA ) £ [ ¥ J& I & 120570 & 1 B 26 [
Thermo Scientific 2\ &), i B2 £1- 4k & I 4 B 35 [ Bio-
Rad/y &), B4k 27 %& )% (electrochemical luminescence ,
ECL) 121 & H 3¢ [ Pierce /4 7], a-SMA (2] 4 % 1
1 (fibronectin, FN) | J2 %l % & 1 (laminin, LN) |
TGF-B, #1 B-actin 2 P4 H 35[E Abcam /3], Sma
F Mad A 5¢ % 3 (Sma- and Mad related protein 3,

Smad3) F1 p-Smad3 HifA&y H 3£ Cell Signaling Tech-
nology /7], MDA . SOD . i &k & [ ( catalase, CAT)
T PRSI 0] & B R A ) AR ; L
R A 8 56 [ A=A |, 42 B s ARk o s
H R EHERE A, KU A 5EH Bio-Rad 2A7] .

1.2 KR DNEBEFEREWHSA H4 SD KEFHE
BLo3 o TE 8 6 BRZH A2 AIRF] 5 PFD 25 il i 7
H PFD 21, Rl 10 Ko BRI AR s 70 i PRD 28
KB DN B8 AT & 12 h, B0 s i A4
STZ 55 mg - kg™',72 h J5 R ## Bk R 10 25 1 10 b
(fasting blood-glucose, FBG ), 1 Ji J5 & &, # FBG =
16.7 mmol - L™ Uy 5 Ay A2 1 21y, i A A i ) K R
FEEIFAN T N BRZH R B S S AR AT IR
GE o GERL LN E AR R i PFD 20K U H
SY % T PFD 250 500 mg - kg™, HE B 5 1 X R4
FEHIAE KBS T SRR FRUAE SR K E 15 28 JA].
AT BB (e BEZE S, A5 5 sh 8 BEAH K
ME o

1.3 MEBhEENE KFHRKMSL8 HEET
M AR, AR R, B ROK, SR IR SR
FBG; 8k 24 h BRI, K 4 A g AR WAk 2 70 Bl
M 24 h JR{%E 18 [ ( microalbuminuria, mAlb ) 7K
5 MM T S K SRR T O B, I B R OB
2000 r + min "' B0 20 min, 5 E I, R4 A B
A 2 43 B ASCRSE I I UL T (serum creatinine,
Ser) A1l R 2% % ( blood urea nitrogen, BUN) 7K
1.4 Western blot &4l § A A & o-SMA LN,
FN.TGF-$,.Smad3 #1 p-Smad3 EH RKiIE K4
REIBUAL S AL SE , SR 7, B BR &S 4 RN Au i
SRS, BEAELUIMA TR BRI, 755 R
J5F 4 C 12000 r » min "' B0 15 min, B IS,
BCA 1070 & 2 vk .+ e SRR -2 N
IR BE IS HL UK , WL A% 8 R AR IR ET RN , B DA 22 ik
FIRE 1 h REE A BT, 4 CHRIRA R, BER
R G MR DRI s AR T AR A M bR i B T, =
IRFERIFE 1 h, ECL 3 852 ; W JH] Quantity One X
oy Hr S oG, LA E & S B-actin 554l
WO BE A Y BUAEAE Sy H 2R I AR ik i

1.5 SUNHBEXBHRUNE R ENE %
R BUE L MDA K- B SOD Fl CAT {1, #
VEAL TR M Fi BR UL 5 10647 o

1.6 ZitZ 43 )i SPSS 16. 0 Fll GraphPad
Prism 5 B FATSE #0007, T H VORI 5 = AR
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RUGEAH , 45 « WL AR X R MR AAE 1 235 S M DR P A R Bl S 7 AL R B2 <217 -

HEZE (2 £5) FR, 2 HBIYRLECR H ¢ K%, 24
8] LR PRI R 07 2200 #r, P < 0. 05 A 22 7 4t

E- 98
2 #R

2.1 4ZAKRFBG RIEFSINAEISIRILE 45%
DL 1, 5 I1E & % B4 b, B 4 K B FBG
mAlb Ser }¢ BUN KT, ZRARIF#E X
(P <0.05) ; 5EAIA L4, AR5 & PFD 41 | & 5
PFD 20K K, FBG .mAlb Scr % BUN 7K i 2 &A%,
ZRA G FE L (P <0.05) ; fil57 7 PFD 457
F& PFD 2] KBl FBG .mA16 Scr & BUN 7K F- 4%
2R IGIEE L (P >0.05),

%1 44AKXRFBG RINESHEEISIRILE

Tab.1 Comparison of FBG and renal biochemical indica-

tors among the four groups (xxs)
4 n FBG /(mmol - L") mAlb/(mg 24 b =") Ser/ (ol  L=1) BUN/ (ol - L)
FEMBA 10 5.06:1.24 8.86£2.35 28.462.63 5.3041.35
A 0 23.70£2.37* 38.34£4.24° 603.23£2.87°  20.462.07°
ERIEPEDAL 10 13,44 51,54 19.87 £4.03 36.78£2.83> 1174176
FAEPDA 10 11622146 13243110 30,5942, 74P §.83 41,44

TE S IE RO B LA P <0. 055 SBIIZE LA P <0.05,
2.2 4AKRBALAH «-SMA LN FN RikkFLE
B IR L R 2, 5HIEE R A, R
KEEHL T o-SMA LN FN kKT m, EZ 56
Gt E (P <0.05) s SRR AL, L5 & PFD
4 il PFD 4K RE 42U o-SMA (LN FN ik
K- EREAR, 22 55 A Ge it 24 L (P <0.05) 5 {IK 5
H PFD 4 5 74 PFD 40 KRV 448 o-SMA |

LN FN kK AGE i Igeit = (P >0.05) .

1 2 3 4

a-SMA

B-actin

1 TEHRT HAEH ;2 AT 53 AR it PRD 4154 2 53 PFD 4,
ZHKARIS AL T «-SMA FN F1 LN 3R 5% ( Western
blot)

Fig.1 Expression of -SMA,FN and LN in renal tissues of

rats in each group ( Western blot)

x2 4AAREALRSD -SMA LN FN Rk K F LB

Tab.2 Comparison of expression levels of a-SMA ,LN and

FN in renal tissues of rats among the four groups (x £s)
217 n a-SMA LN FN

1E G R 10 1.00+0.13 1.00+0.12  1.00£0.11
(T RIEE | 10 4.06+0.28* 2.74+0.19* 2.89+0.17°
{EFEPFD 4L 10 2.14+0.21" 1.43 £0.15> 1.52+0.15°
R PFD 4 10 1.58+0.18" 1.20+0.16° 1.23 +0.14"

T 5 IR BRI H R P <0.05 5 SHERIL 4P <0.05,
2.3 4 BKREHLEH MDA kK EF SOD, CAT
AR R 3. HIEE X R A, AR
HREEY14 R MDA /KSF-34 %, SOD Al CAT 36
WERL, 2R A G L (P <0.05) ; 5HERIZ
HeAe, IRt PRD 21 & 7] PFD 2K U 4141
MDA K320, SOD 1 CAT {G P W2 Tk, 2 R A
it L (P <0.05) ; {K5 & PFD 2 5 & 0 &
PFD 2K BB 4140 b MDA 7K J%z SOD | CAT 35 Pk
e ES TG FE L (P >0.05),
x3 4AKXKREHLEH MDA KFEE SOD,CAT iF L&
Tab.3 Comparison of MDA level and the activity of SOD and

CAT in renal tissues of rats among the four groups (x%£5)

ikl n MDA/(nmol - mg=") SOD/(U-mg~') CAT/ (U-mg~")
EHXEA 10 34.2£3.6 78.3£4.9 31.5+3.8
R 10 62.7£5.3° 27.6 +3.3° 8.6+1.7*
HHEPFDA 10 45.5+4.8" 56.2 +4.2" 19.5+2.6"
BFSEPDA 10 38.1+4.1" 69.4 +4.4" 25.3+3.2"

T S IE R IRALHE P <0.05 5 SEUBA A P <0.05,

2.4 4 AKRBMALP TGF-B,. Smad3 &
p-Smad3RiAKFLLE ZERILE 2 f1E4, HIE
BN IR be A, AL 2 K R 4140 TGF-B, | p-
Smad3 FKiXKVBE T, ERAGIFE L (P <
0.05) ; 5HIAIZ L #5250 it PFD 41 | & ) i PFD
R EAHLH TGF-B, \p-Smad3 Fik/KF- i EFHAK,
ZRAGITEE (P <0.05)  filK5 & PFD 41 5 555
it PFD 4 KU 21 TGF-B, \p-Smad3 k7KLt
BEFTHRITFEL(P>0.05), 4 4 KR BEFHH

Smad3 FRAKF L2 RIS FE X (P >0.05)

1 2 3 4

p-Smad3
Smad3
TGF-B,

B-actin

1 TE R0 R 52 BRUZH 53 ARG & PFD 4154 5550 5 PFD 41,

2 FHEKXRSGHALF TGF-B, .Smad3 X p-Smad3 ¥k
i% ( Western blot)

Fig.2 Expression of TGF-B, ,Smad3 and p-Smad3 in renal

tissues of rats in each group ( Western blot)
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x4 4 HARRBEAHRAG TGF-B, 1 p-Smad3 RiEKF LI
Tab.4 Comparison of the expression levels of TGF-f, and

p-Smad3 in renal tissues of rats among the four groups

(x%s)
2077 n TGF-B, Smad3 p-Smad3
1EH % 2 10 1.00+0.17  1.00+0.08  1.00+0.12
TR ZH 10 4.03+0.31° 0.97+0.14  3.21 +0.29°
{&FI& PFDZH 10 1.96 £0.25> 1.04+0.13  1.82+0.23"
EREPFDZ 10 1.67+£0.21° 0.94+0.17  1.47 +0.18"
Vs S IR P <0.05; S HUBALHE" P <0.05,

3 itig

mAlb Ser F1 BUN J& J it B 3] i 1) B 2248 5 o
AT o B IR I T STZ.(55 mg - kg ™') il £
KE DN #7025 5L % 3, A 41 K iR FBG \mAlb |
Ser J& BUN 7K %5 15 8 X BE 2 T 5, U6 B K BB
TREAZA0 5 i AN [ 77 5 PFD 1 J5 ¥4 °T A5 34 A1
DN K fil FBG .mAlb Ser % BUN /K, #7% PFD %}
B D RE A B BGEE

B 25 A1) K AE LR = 2% IR FEUESE, B /)N
W TR A M R R AR e A A L P 3 AR, T
a-SMA X Fp R B EEAL AR S E A" . «-SMA 2
IS0 WUREA 10 20 M1 B 1, 2 LT 4 4
FHEMEAR B, 2 5 B R 4E4L, 520 DN (1) &k
Lk, BE gL AR B T a-SMA ik KT
AL AP AR AL R B . FIN S 398 g 45/ 20 g o0 3
it FERUERE, J& DN B (] B eF e fb i) Rz —,
LN il FN JE 4l i 5 1) = B2 4L B 43, AR 98 %
FH Western blot 7% 1Ffti DN K U 2H 2240 Jif 4 3 o2
H LN I FN (3638 7K, 45 51 & B, 5 1 3 % B 4
oA B2 KRB 4141 «-SMA (FN fl LN
KOV 5825 T, 2B DN KB B T B R] a2 4k ;
A& PFD 41 5 /74 PFD 4 K ERUE 440 o-
SMA FN F1 LN Z& [ A A R 4 B &8 R 9, dy it
N, PED R] RESE AT M AR EE 5 2 1 0 3R aA T o
TIfe LR B LT YAl A Sk

AUk 7 3 B SR A S BT S B AR AL 1 2K A,
B ] 2T AL K b R R S EER T, 7 B ) o 4T 4
et Rt F P AR L AR B
RAAFAFE H IR £, 5 808 BEST AL L]
B X E I EEREE . AR AR E
T, BT 2 R U 40 MDA 7K F-BE S 18 25 | [
SOD FI CAT {14 B B AIG; A 4E DN RS T & Ak
PN RE VR B 20 2N PR RIS R, DT 3
B LU A BAL L . AN R 7] 5 PFD il 5 4R
ARS8 =4 MDA B0 /0, SOD K& CAT 3% 1 #A 5
Ther, #a7n PFD HATHU AL A, iT s DN i)

A ISR

TGF-B, REME T 4L &£, 225 DN
PER (Y RS LT A AN T, TGF-B, {5 3 i v i g
R 2 & e TR e DR 9 s 0 SR A T N Bk
Ak BNV BRI BRET Ak A8 1 LT EAL B 2 S P 2
HHXIE A R o A BFSERAE , TGF-B/Smad3 5%
W E AR FE K . TGF-B,/Smad3 {5
BT LA L o-SMA 253k, i T ) i 4T 4k
b, NI SECF e T T #E— 4R PFD
e B 2 AL B9 4> T L), ARSI T PED %o
TGF-B,/Smad3 {55518 & (52, 45 R A B, 5 1E %
X HRAL H A, R ZH K BB 42 TGF-B, I Smad3
FB KB Ty, 3R DN KRV 41 TGF-
B,/Smad3 {55 B THGF IR . 44T PFD kb3
Ja K. mFl & PFD 41 K §U'S 4148 % TGF-B,
Smad3 3% ik F#AIK, 3% 8] PFD &g %% fH Br TGF-B,/
Smad3 {55 i@, b REE W], PFD A i b 1 4]
TGF-B, 1 Smad3 4154 B35 B [ B 2T 44k, T
FEZE DN K%, Wi =2, PFD l fE5E i 4% TGF-
B,/ Smad3 {5538 [ i35 DN K BB IELF 44k, 1
KRB RSOV, 4 DN 397 $2 4L 138 i ik 42
B

2% LRk, PRD 58 52 PR 4% 1 4140 o-SMA FN
FILLN 235, 1006 20 i 40 56 5k 138 AR A0 S8 A0 17 354
SO, AT ek DN K BB 41 4 4L, LB R ML T BE
S HETE TGF-B,/Smad3 {5 53 A 5o AT
T B £F 24k 5 T A iR YT DN $R AR T —Fogr R
H PR 5 [ S MR A R . AT
FAXRIART T PFD X DN B4 H S ML, 4 5 i
Xt TGF-B,/Smad3 {7 53 B F U5 5 40 7 S HoAth
IS5 S PFD % B AR 37 VR 04 WL 2 47
ABFSE
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