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PRI AR i by AGRIEA, T 10 X FARE 2 AR KRS SEILIEREH, WP (Ser). i
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Effects of resveratrol on expression of renal fibrosis proteins ORP150, GRP78,
and GRP94 in rat kidney tissue
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Abstract: Objective To assess the effect of resveratrol on the expression of endoplasmic reticulum stress molecular partners150-KD
oxygen-regulated protein (ORP150) in renal tissues of rats with unilateral ureteral obstruction (UUO). Methods The UUO rat model
of renal interstitial fibrosis was established. The rats were randomly divided into sham operation group, model group, enalapril group,
the high-dose, medium-dose and low-dose groups of resveratrol, each group of 10. After 14 d of surgery, rats were sacrificed to collect
serum and kidney tissue to detect the level of serum Scratinine (Scr) and blood urea nitrogen (BUN); Pathological changes were stained
by HE to evaluate of renal tubular damage index, renal interstitial collagen deposition area was detected by Masson staining, apoptosis
of in situ cell in renal tissue was determined by TUNEL assay, and using the western blot for the detection of protein expression of
ORP150, GRP78, and GRP94 in renal tissue . Results After comparison of the treatment groups with model group, BUN and Scr
levels in serum were significantly reduced in high-dose resveratrol group, the damage degree of renal tubules was significantly
reduced, the relative area of the renal interstitial collagen decreased, In addition, the expression of ORP150 was increased (P < 0.05,
0.01) , GRP78 and GRPY4 proteins expression were significantly reduced, (P < 0.05, 0.01) . Moreover, the resveratrol high-dose group
seems more effective than enalapril groups in reversing the phenotype (P < 0.05). Conclusion Resveratrol was able to protect renal
function, alleviate hydronephrosis, reduce interstitial injury of renal tubular, induce the expression of the key endoplasmic reticulum
stress signal molecule ORP150 and the down-regulated molecular partner GRP78 and GRP94, delay the apoptosis of renal tubular

epithelial cell of rats after UUO and inhibit renal interstitial fibrosis caused by apoptosis deposition.
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TSR, 12M'E % (chronic kidney disease,
CKD) fEANBEH AR EHE LTS, AN
21 e BRI B 2EAE R, CKD 7E 7 R HH S 0
R R, AR Ik — 5 B2 B 1) 53 2T 4 Ak (renal
interstitial fibrosis, RIF) M4 FRELLAR, KAt
2% RIF 32, WEH5, ZIRJ7 CKD R,
RIF 51 JF MR (endoplasmic reticulum stress,
ERS) % YIAMHx, HWWEH 150 (150-KD
oxygen-regulated protein, ORP150) 7E 1l 41 g 5t
TR KEAEN, d AT ERS BEIR T
ORP150 A% & #1158 H 78 (glucose regulated
protein, GRP78). GRP94 {11y, A Jii I & FI 4t
S DI ReiE BN AT AR, R T AR IE RS,
AR T S o R e, FEMRAMEE R TR, fx
2838 1%, RIFB4,

FZ P (resveratrol, RSV) X RE=, =2
LY P AL TS RSV B Z A MeaiE i,
WP PulE. PUEEE. PubR . g0 .
RS HP iR R AR SR A SRR TE
RSV X} RIF BT AEAP . ABFFIRTT RSV T
RIF K ORP150. GRP78. GRP94 [ HIFKIA
B, LA B RSV B K5 RIF B4E LS
1wt
1.1 B, AREIR

TE U M Wistar KR 60 H, AFRE
(190£20) g, W TKEFHTIZH LIS IHAF R
TUEAT, BhIERIES SCXK (F) -2015-0004;
RSV (#Ik'5 326001, JiE/r% 99%), MWH L
ML B ARG IR AR s DRBRIKIBEF (5
150201 W B b g AR 25 A A PR A ) 5 LI
(Ser) W&, MREE (BUND @ik &m T
AR AL AR I A R A =] s TUNEL 4 i
T I A A I ) 0 1 A ] 0 I ) e R T
B kR0 DN R 1gG (HA+L) . Bl P ER Bs Fg bric
WESi R gG (H+L) W TAbatd b S AR
HIR/A T ; GRP78-BiP. GRP94. ORP150 Hifkly T
Cell Signaling Technology A 7]; B-actin $T 4k .
BCIP/NBT i P BR i i 2. 210751 & T Beyotime
AT

1.2 {45

sigma3K30 i =l 00l (EE Sigma 2
] ); Nikon DXM1200F 4= H 2l H A & 4t ( H 4% Nikon
AF]; Leica AAHLRYI ML (FEE Leica 2 7] );
PHY-III55 # 20 2L A CHy A g AR ) )
BM-VIDK # 20AEYAH SUEHEHL (2T 72k 22 A
A ARAFD; YT-6C AEMHLRERE il Gl dbE 2
T e B H AR 5T ); Glamour 2000 %4
A HEE ST (EE MD X(2AF); Mini-
PROTEAN Tetra Hyk## . Trans-Blot SD 4% E[I{#
(Bio-Rad A #&] ).
2
2.1 IS ENSGT

¥ 60 ROKERBENL Y BT AR AL KT
LWRIHAD RSV & . ARFIELA, 410 R. &
FARHA . BRH ig 45 T EMA ALK AR F
Hig FIE N 0.45 mg/kg; RSV &, . KFIEA ig
FIE 54 40, 20, 10 mg/kg!'Y; ZETFARAT 1 d IF
UG, RGH 1R, LAH 14 d,
2.2 BEKREREE (UUO) #HAF|F

KRR UUO £ & KRR, FARIT—K
AT, 10%K G FEENT K BT IR, SR w &
BiHE, RBEHRKRAMBRIREIFA . W
RIS, rE A MEIRE, & LM gL
FHAE (A BT W, B E4E G NN R k. BT ARH R
BHIRE (HIHAGEILRIWTR IR Ja B s & I .
2.3 Mm% Ser BUN 7KF4650

TARJGEE 14 KRR A AR 3BR M2 5L, 29
3 mL, APukt, EEF@REH, mslEEE 2 500
r/min. &0 10 min 4 & M35, K I5E R FT-20 C
VK%, F Glamour 2000 74 [ 3h A= 46 43 A AR U 1f
5 'E DhEEFERR Scre BUN.
2.4 HE F£&8NENEERRERE

TARJGH 14 RAFERER, BUEFRM'EHE, &
A% FHERE S, A, Y, SHIKR S
min, 100%-. 95%-. 85%-. 75%ZE% (% 1 min) i
FATE, EORAK. ZETAKS MY 2 min, BATRKR
ZK 10 min, ER/KEE 10 min, 1% BRS040
5 s, HRAKMPEDIF 30 min LA, B 1%E K
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Wb, Y1 5 B SRR, T 0.5% 4L
KIEWE G 3 min, Kde: RIXRAE 70%. 80%.
95% L EEMLIK, FEEEN 100% L BEH 58 4B 7K 5 min;
T HIZRIRIE 2 WK, BRIR S min, @R EEA A PER
JEEF, RANTEA T 2~3 d.

MR HE SCHR iR, S B /)N ) o e s 38 Ao ik
1T T, i HE Y@ 41 B TE 400 £5%
BT, BAUIRBENLUERE 10 MAEE/NERIIPLET
B /INE R TR A2 RS th 8 NS HHE, B E H Y,
I FRLTHEAL AR S . ANE 5. A FURIE . L4
B TR, ANEMR AR NEY K. &
NSH N 4 ANER, EFH-0 5, BRERG-1 7,
HEER -2 4, EEFERMG-3 4, REAFEAS/NE R
P VR 0~24 4.

2.5 Masson NS AL EER

BOKREHLW Fr, e AE Z H KR CRELE
HokAK ZEIBKMSE. TRARRYE S min; HKK
Vefa, ERERRE A JKPREYE 10 ming ITRZLER
PE S LDV 5 10 min; 0.2%B5E2-/K ML 5 min;
1%BEEREH 704 5 min; S48 Y% 3 min; H R/K e,
60 CHET-YIA, AP HEHIEY, &3
FEEA PR IR, TRAR TR

HU Masson Y], ®kUI A 7E =585 400
5 T BEALEEL 10 ASLET, W 52 (8] 57 £F 4E AL TR AR 5 [
PRI /INE (] B S AR I 23 bl BRUOE 29 bGP 304
VE AR B & B R BRI AR, AE NS
INEITRR o
2.6 TUNEL JEN'SELA PR AMAT

BUOKREALTI R, Sid —H. 2R,
AR 2 1k, 3% AR 10 min, Z&THK
MR 2 X, PBS G 3 K (% 5Smin), BRIV
7 Proteinase K TAE¥#,37 ‘CHUE 15~30 min, PBS
EYE3 X (4% 5 min), JH0 1% TUNEL MRS
WES (HMEXRAMMA 1 #H%RIEFRARIL W
dUTP), 37 C FHEME XM 1 he PBS ¥k 3 X (%
5 min), JI 1 V% converter-POD T#5rA& k-, 37 CF
RN 30 min, PBS P 3 X (#% 5 min), 7E
ML DAB, 25 ‘C&M 10 min, HRKMEE 2
min, HARREGL, HRAMPE 10 min, ZEIEKEH
PRYE 2 3, VIR 4E 80%- 85%+ 90%- 95%-. 100%
Ll (% 3 min) FMIZFZRGK, & EHER T
PERTI B S5 3 B A, WA R

BB, AR RAR O S TR AN PE M

Y, B N TN . JeBE FRENLEEL 10 ANE
EESNEAEME (X400) CGREFFE/NER KK,
K Tmage 22 WA 0055 31 G 0 W b+ Bl T
YU B PE R IA,  DAPH M40 B A a4 e K i B A
YE R Fa %
2.7 Western blotting % M & 4 KR S AR
ORP150. GRP78. GRP9%4 FEH&RIAKF

0 20 mg KEEALL, 0N R AR AT
SIHALH, RN EEEOHL 12 000 t/min, E50 10
min, B FiEW. BCA A& EEAR; &A%
f8 511 WLb@lhn N SDS-PAGE & [ _EREZEMR,
TEWR/K & S min Z2 455 B 12% 7> B 5%k 46
B, fEEEE B, WRARCRHER 80 V (30
min), 7ERFAEE 120 V, HRBERESE
JBEFRING, ik idk. HEEES] NC KL, HH7
1h, BE—HL (1 0100004 A —H (1 10000)
1 h, BCIP/NBT Hl, 1t ik B i fg ol 270 ol £, ok
15 R S T A 3 A 2 ie s SR AR FE AR
2.8 ZiitFALIE

FT A5 085K SPSS 19.0 Gt 40 M E 4T 48
AL, 5 RUIY +5 R, AR BRI e 2=
J5 253, P ERECR A ¢ K
3 ZR
3.1 RSV f UUO KR IEH Ser. BUN KFaI50

KJg 14d, SEFARAMIL, BAIH KR ME
H Ser. BUN KFRETHE (P<0.01), i HiEH
By SRR R, &7 KR H 1 Ser.
BUN /KA AN FEFRE R (P<0.05. 0.01).
RSV =il &4 K UG ) Sery BUN 7K1 {2 211K
FARIBHE R (P<<0.05). WK 1.
3.2 RSV 3 UUO KR EHEREMNF M

S F AL R, AR K RS I R
FHm (P<0.0D), BHBUKIMR™E, SEAHLL
B, RSV SIS KRB 2 RERHFK (P<
0.05. 0.01). RSV =I5 2H K BR ZC (' A o 2 3 =
TR FIA (P<0.05). WK 2.
3.3 RSV X UUO KR E/NEMmpis s

W 3. 4 Fin, SEFARUE, BERH KR
BNER R E I (P<0.01). HEIAYAL
B, BIRITHR RS INEYIR BB NE ARV 7 1)
A AR R 8% (P<<0.05. 0.01). S4B
R, RSV @A KRS DNEB T EUR
FRE% (P<0.05).
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2 RSV ¥ UUO KR BIEFRENEM (Xx+5,n=10)
Fig. 2 Effect of RSV on weight of kidney of UUO rats
(x+s,n=10)
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PR B RRAGER__40 20 10

RSV/(mg-kg™)
HEFARALE: "P<0.01; SHMALLE: *P<0.05 *#P<0.01
SRAERALLE: “P<0.05; FH
**P<0.01 vs Sham group; “P<0.05 #P<0.01 vs model group; “P <

0.05 vs Enalapril group, same as below

1 RSV 3} UUO ARMFEH Serv BUN 7KFHISAT
(x£s,n=10)

Fig. 1 Effects of RSV on Scr and BUN levels in serum of
UUO rats (x£s,n=10)
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MR RAREFI___40 20 10
RSV/(mg-kg™)

3 RSV 3} UUO KERB/NERGIEBMFME (X5,

n=10)

Fig. 3 Effect of RSV on renal tubular damage index of

UUO rats (x +s,n=10)

- ' o B
RSV 10 mgkg™

4 RSV 3 UUO XRB/NEBRGHIFME (X400, HE)
Fig. 4 Effect of RSV on renal tubular damage of UUO rats ( x 400, HE)
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3.4 RSV X UUO KR BELRRIE 77 EFRaIE00
Masson Jeth gt R EIR, SEFARAE, BA
0 K BB 2R 11 iR 43 A TR 2 3 1K (P<<0.01)
SR LR, S IRT K R R A ARG A
FREFE R /N (P<<0.05. 0.01). 54T A1l 41 AH
Et, RSV e 7 B 2 K B 2H 2R Ji 4 A T AR 3 ik
b (P<0.05). WK 5. 6.
3.5 RSV} UUO KR B/NE £ KB AT I
ARG 14d, BFERERRE NG ERAREM 5
BB TN, SETARAML, BAAKRE
N b R 20 R DK B A R o A, R T R
FHM (P<0.0D). &iBTHEBMAH LRI A B
F#E=R (P<0.05. 0.01), M RSV mill &4l KR
(0 /N b R 200 R T i S A0 T R 2 B B
& FBE (P<0.05). WA 7. 8.

B AL SRR 43 AR T R/ %

ASINSSNSNS
]

WRASISRASIASSY

o

NEARNEEARNAEANNY

WASANS

N
N
N
AR '\
ARIANATSIAN NN

Y ARIREF_ 40 20 10
RSV/(mgkg™)

BFAR

B 5 RSV X UUO KR EHAKRESHHEHREEM
(x£s,n=10)

Fig. 5 Effect of RSV on collagen distribution area in UUO
rats (x £s,n=10)

RSV 40 mgkg™'

RSV 20 mg'kg™!

E 6 RSV X UUO KR SHLRIESEIR

RSV 10 mg'kg™!

9520 (X 400, Masson)

Fig. 6 Effect of RSV on collagen distribution area in UUO rats ( x 400, Masson)
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5 SOUOOS N
SRR
RN

R
W
W

AL AR R 40 20 10
RSV/(mgkg™)

7 RSV 3 UUO KRB /NME LK MEEEATHRIE
(x+s,n=10)

Fig. 7 Effect of RSV on renal tubular epithelial cell
apoptosis index of UUO rats (x +5,n=10)

EERZN

3.6 RSV Xf UUO X 'B2HZ ORP150. GRP78.
GRPY94 &R RN

RFARL KR F 4L ORP150. GRP78. GRP94
HEARBESRD . SHEFARALE, BEAHKK
B 4148 ORP150. GRP78. GRP94 1 [ ik /KT i
FZTE (P<0.05. 0.01), HEAIZA LR, RSV &
HHFRIER A, IR K BB A2 ORP150 25 F15R
KK R ETE (P<0.05. 0.01); %497 4H GRP78
1 GRP9Y4 1155 1R IE A i 3% PRIk (P<<0.05. 0.01).
ARG F AL E, RSV @A EH KRS HH
ORP150 HEHKXEEHR (P<0.05), GRP78.
GRPY4 HHFRILEEFIL (P<0.0D). WK 9.
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RSV 40 mgkg™! RSV 20 mgkg™! RSV 10 mgkg™!
8 RSV 3} UUO XRB/NE ERMAEATHIFNG (X400, TUNEL)
Fig. 8 Effect of RSV on renal tubular epithelial cell apoptosis in UUO rats ( x 400, TUNEL)
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HEFRELLS: "P<0.05; SEAMALE: *P<0.05 #*#P<0.01; HSHKRIMEFLHLILE: “P<0.05 “°P<0.01

*P <0.05 vs Sham group; *P<0.05 #P <0.01 vs model group; “P<0.05 ““P<0.01 vs Enalapril group

BFAR B AL FI__40

9 RSV X UUO K IE4H42 ORP150. GRP78. GRPY4 EHFRIEMEM (X£s,n=10)
Fig. 9 Effect of RSV on expression of ORP150, GRP78, and GRP94 in renal tissue of UUO rats (x £s5, n =10)

4 g SRR R RS 10.8%1Y, HEFBZ IS &R

BEE NATEFRACHRARR G, BREEZIN R SRR CKD A& &y 2 R 1 3t [H i 12 2
TR EMAERE R . #5501, 2012 R ER CKD  RIFX, 405t CKD [¥3A 77 AT LLE AR sl 4 il 530 1)
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RIF. i, F4#HT RIF KUK EE. 5259,
CLCNIAIT CKD 2 —

AHFREREW, K5 14d, SEFRAMLEL,
FERYI KRR IS Sere BUN K EE T, BN
WG Fa Y 5, Masson Ye 8 i 7 B 8] Ji iR iR 2 T
Bz, e KRAEMEHL RS, SEFRAL
g, ALY 2 AR BELON U %) o = S B N (P<<0.01);
FIRITH B L, KR R R,
B/NEBHIREL RIE MR R ER DN (P<
0.05. 0.01), BiHA RSV BeHMfiI LI LT 4E 248 o ()it 2
WEE, RPE/NE SR, A TR R A
B, RGBS W S T A5 A AN A R AP R i (ECMD
FrEUAR . @ik TUNEL Ariciz g2 s /N b iz i g
PAT A5, RSV X /NE b 4 T S5
HIVER , RSV 7l & 20 157 R0 T B A 5 HE 24 4 A
WH], R RSV MG EWRA EEER.

ORP150. GRP78. GRP94 % 4% ERS f 3 i
PrEPEE AU, AT DLd ) R B A A R
DAAERFAIM 0 P9 T AR 2SS, B il A SR Toig 4R,
PO 2040 . ORP150 HE A& — M EAHIHE
TR BN o 9 [ A FEAE 3 a0, SRR S AR
WA S, RERPPEER, XL ERS 7531
AHMH TS . ORP150 HE HRIAH] L5 ERS FHKH]
WEZRMA K. —ut s Box s BT s,
ORP150 5 7 5 /INE b 57 24 i (st 55 3Rk ] DA
FrFThaE, & ORP150 & —Fhal 75 S 19 5 K4
THEAR, FESHM R BA A R R R,
GRP78 X 4Gy BREE A EH L AR O, ERITRE
=% C(unfolded protein res ponse, UPR) 155f%
FIEEE AT RO, BEIANZ ERS A UPR 2
GRIIAR B E > T o LT DABH (b A J5 ) P 37 A R 1 S
W, 25 UPR 4%, Jash ERS A4 i
T2, 5N FMERENTET. @5 ERE
FEFFIM /R, GRP78 BA H4nul T4, 4l
Y1t E NIRRT - GRP94 A2 VR 5 8 1 90
FIERWIRR G, —ATMNASERZIHEED, T4
GARMENZIREE, &R AT, sl R
BEATIW . GRP4 T 4E AT, P95 M
FNLR LA 2 18] (P 40 B P 05 PSR R A R .
WHFLRE, B E PR B, ERS bR &%
HH GRP78 f1 GRP94 HJFRIAM & EF+, T H 3 m
(1) GRP78 FBALT R IX B /NE4HM,  pHte] L,
ERS 7 5 BARI 4 JE 2 S T B Sl - E 4 4 1)

KA e,

B H 5 HRFARHA KR E HZL ORPISO.
GRP78. GRP94 5 [ R/ AR 4k T LAk Bt
(1] ERS M-S — RYIEHRIEZER, B mTy
ERS @ OCHEE S EAMERIL, REHEE ERS
M AELE RIF? ASLIRZE R BN, HSHFARALE,
MR K BB 4044 ORP150. GRP78. GRP9Y4 &
HRIEHETm. SHEAALLE, RSV &FIEHH]
$& = ORP150 25 R E /K, FEIK GRP94.GRP78
TR EIR K, Hrh RSV B a4k B 414t
ORP150. GRP78. GRP94 & IR IEKF5BHM:
IS A B 22 7 2.3, Ui B RSV e 4| UUO
J5 %) UPR, PHWT ERS & 5% Si&ft, i RH 44
MOVETS, JkES RIF R AERKE .

FREFFLR, RSV Ali@EE 5 ORP150 & H
WM RIERIE, F#IK ERS 2 T8 GRP78.
GRPY4 & HIRIAIKF, JEMHIHE]E N b 5 20 i
M T, XF RIF &ENATT/E .
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