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(FTHREFRKF BHARFRFER EBHEWNFHHE LT 100084)

HBE GRFBEZRAGALEGTEZERAT BT 2 AXE 1 (sirtuinl ,SIRT1) 5 -Fi#sh 7, LB
HERPVERCESHERRADER PRI TIRIE, Am ORFBELATREXENBINEFH
o KA BB, AR A FiB T SIRTI/NF-kB 2 5 B8R AT EHEEHRGRRATFXERLL, HEeZ
RO, AAFRH 32 R SD K A RAHLL A Z#af 4L (Con 41) , G 3 B B340 (Rsv 41) , 1381523
20 (Ex 1), 13Bi5sh+8 3 5 B4 (Ex+Rsv 41) , Rsv #= Ex+Rsv 284 X% § 50 mg/kg A £ 7] 2 8%
AR5 BF, Ex #» Ex+Rev 84T 4 B B %, )G 1| RIN%GE 24 h BH, AFHRERET, 5
Con ZH48} | Ex 28 X R Ser(175.66 + 16.08 v5.153.34 + 8.67,P < 0.01) .BUN(6.67 = 0.53 us.
5.37 +0.19,P < 0.01) #2 = NGAL(9.01 + 0. 18 v5.7.48 + 0.31,P < 0.01) K-F¥H R Z I35 Ex 4
KA B4R NF-kB P65 E& @ FRiK-FEREXZEAZH(0.77 £0.10s. 0.27 £ 0.03,P < 0.01) ; &40
KA KL SIRT1 2% & RAKF AL L Rev AR FZH T Con 22(0.90 + 0. 14 vs. 0.43 £ 0. 15,P <
0.05) ,Ex+Rsv 212 % & T Ex 28(1.0 + 0.28 vs. 0.38 + 0.12,P< 0.01) ; 55 Ex 2048}t Ex+Rsv 41
KRB 2% NF-kB P65(0.57 + 0.13 vs. 0.77 = 0. 10,P < 0.05) #= Ac-NF-kB P65(0.52 = 0. 13 vs.
0.78 £ 0.11,P < 0.05) A& A RAKFRAZFEMK, ALEREN 4 A RIBRENBENFHKR
REIEBFHHE BB, R ERIE NF-xB o kik, 9 FETEHFR KA EFALR SIRTI £%
B KT 00 Fk | IF G A B L BAGAE R AR NF-kB P65 & & i T BuALAS 45 K P | 3t — 3 4K NF-
kB 69 Ak G FL B IR R A B 4 BR RR 8 K B g ALE) T AR 5 SIRT1/NF-kB i@ 38 A %
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Resveratrol Reduces Renal Inflammatory Response Induced by
Exhaustive Exercise in Rats by Regulating SIRT1/NF-kB Pathway

LI Fang, CAO Jian-Min ", WANG Chuan-Jun, HU Ge, DONG Li, JI Zhe
(Sport Biochemisiry Laboratory ,Sport Science College, Betjing Sport University, Betjing 100084, China)

Abstract Resveratrol is a naturally sirtuinl activator, its renal protective effects have been validated in
a variety of animal models of kidney disease. However, there is still no systematic study on the effects of
resveratrol in rat kidney damage caused by exhaustive training, and its signaling regulation of renal
inflammatory response. In this study, 32 SD rats were randomly divided into: control group ( Con),
resveratrol group (Rsv), exhaustive exercise group (Ex), and exhaustive exercise + resveratrol group

(Ex+Rsv). Rsv and Ex+Rsv groups were given resveratrol (50 mg/kg body weight) by gavage. Ex and
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Ex+Rsv groups were subjected to exhaustive training for 4 weeks. Anesthesia was applied at 24 hours after
the last training. The results showed that Scr (175.66 = 16.08 vs. 153.34 = 8.67, P < 0.01), BUN
(6.67 £ 0.53 vs. 5.37 £0.19, P < 0.01) and urinary NGAL (9.01 + 0.18 vs. 7.48 = 0.31, P <
0.01) in the Ex group were significantly increased as compared with the Con group. Furthermore, the
expression of NF-kB P65 (0.77 = 0. 10 vs. 0.27 + 0. 03, P< 0.01) was also significantly increased in
Ex group; the expression of SIRTI in Rsv group was significantly higher than that in Con group (0.90 *
0.14 vs. 0.43 £ 0.15, P< 0.05), Ex+Rsv group was significantly higher than Ex group (1.0 = 0.28
vs. 0.38 £ 0.12, P < 0.01) ; Compared with the Ex group, the NF-kB P65 (0.57 + 0. 13 vs. 0. 77 +
0.10, P < 0.05) and Ac-NF-kB P65 (0.52 £ 0. 13 vs. 0.78 £ 0. 11, P< 0.05) in Ex+Rsv showed a
significant decrease in protein level. The above results indicate that high-intensity exhaustive exercise
leads to renal injury in rats and activates the expression of NF-kB in rat kidney. Resveratrol can
significantly increase the expression of SIRT1 at the protein level and increase the deacetylation to reduce
the level of acetylation of NF-kB P65 protein, further reducing the expression of NF-kB. The mechanism
by which resveratrol reduces the inflammatory response induced by exhaustive training in rats may be

5535 %

related to the SIRT1/NF-kB pathway.
Key words
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Rk et MG AAEh J1 7 B AR 244 Tl PRI
FFENES

RWFTE B AERTT FRE P B 15 m) o R S 12 5
FUR A A ORI VE T, LA RS 7538 1 # SIRTI,
WEARIRAE N1 A 45 41 D, D Bl it 3z 3l 453 0 PR A b
T AP i — s W Tk I 5 BRIE LA

1 #R5FE

1.1 EWmzh¥54adE

32 H 8 JE% SPF % SD ik K BL (1A 335.7 +
12. 4 g) Hh 4 F A 5256 rpon 3R 4L, Sh R AT e
SCXK ( 5()2016-0006 , JLHU IR F K% SPF % sh 45k
B imgE JREE (22 £ 2)°C , AR E 55% ~75%,
IEE AT SRR BRI 3% | B bR o [ A TR R
MR REBUENPERFE 3 d, &40 [ ik, %
BEHL SN H R RSN Ty 4 4, B2H 8 H L Zeiiond B ZH
(Con #H) , AZE P 2H (Rsv 4) , 1My iz 3 4 ( Ex
4, JIWIE s+ R AL (Ex+Rsv 41) .
1.2 iRF

NGAL BB Ao 58 3570 &, TNF-o it 6 4 122 3 77
&, IL-18 B0 £, 1L-6 BFIBE G g 10 & 48
A SRR AR R K A RS R ma
TR R v A6 I 1 V5 LT ( serum creatinine, Ser) , 48
AN TR A B e O I FR A ((blood urea
nitrogen, BUN) , i35 & i i RHMEA Y TR KA
RS A4, 04K DL KRR BV B N . NF-kB P65
(acetyl K310) ( Abcam, Ab19870) s P 5e B HUAA , Fi
M EE 1:2 000;NF-kB P65( CST,8242) fr A v [ 4t
M FRBEMEEE 1:1 000;SIRTI ( Abcam, Ab110304) i,
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PATEREPUR, B BV 1:1 0005 B WLEHZE 1 (CST,
4967) S B FCREHUA M REREE 1:1 000,
1.3 FMEHEEFTFHRAR

Con Fll Rsv 203 /7] 3% , Ex ZH A1 Ex+Rsv 4H ik
174 Jm s Ik, EXINGHET, #1473 d B850
FGE N, R LL 10 m/min (93 B8 5 Y125 30 min,
UG G4t 4 SCmk Y A i o5 2w, E4T 4
JE R Sy ) 25, BE N 10 m/min, 5 5 min B4
W 5 m/min, 2 35 m/min, HEKFE, 15
BEREH 10 BEiE R Ry 1 R/d, 5 A/ AT 4
Jil o J1ug A WrbR o A R A EE AN BB IR R iz B, 1
W28, KRB AR, MG Sck' "™ 51
IS7ER Rev M Ex+Rsv S HEH S 1
T E R 50 me/ke, ME B AL 5 mL/kg, Con 41
Il Ex AHEH S IRFE I 0.5 %R LA 4E R4,
1.4 ¥ EA

i — R 24 h AFER B, 2% 2%
BN s 1 S T D 2 SRR U | L S Sl K LML
AL EEE b FE 2 h £ I A I 40 S )
FEHAA 4 C AR ES.OHLIEFT 3 000 1/min, 2.0
15 min, B _E 2 M35 70258, H- 8 -20 °C vKAE H A7 1r
W, WA IR, ZE M E W) IR A 4 %%
5 FH B[ W, A O T A Y A 3R K gk
VLTS OB R AT, Bl S PR A7 T -80 °C UKAf
Y ERERIIN
1.5 BHERAENTHRRE

B AT R R R IR PR 12 b B RS
WA E W, A A 4 wm YT A, IR ARG -
2T Yt {7 ( hematoxylin-eosin staining, HE ) 4 {7 7F
200 56 HE T A B el 22 My B2 AR AL
1.6 MMEERRFE

XU A 2 .0 125 1 3K B 22 WL BT ( enzyme linked
immunosorbent assay, ELISA) 324 Il K B JK NGAL
' 22T TNF-o IL-1B A1 IL-6 & f, Western E[J3k

Table 1 Levels of biomarkers in rat renal function

PG B SIRT1 ., NF-kB P65, NF-kB P65 (acetyl
K310) Y2835 B T - 80 CARAE 1Y B A% i B BF 8
24 BALIE S BEE AL 6 % SDS-PAGE 43 #
HUKE, 2 R A LI, BSA #HH 5, —#t
Wﬁzﬁﬁﬁ,{%{%)ﬁﬁ:jﬁgﬁﬁo Thermo Pierce ECL
2z R 0, X G5 88 BUA, SR FAKPF Image
Lab 4. 0 #F47 K EE 5347
1.7 SitEHZE

fdi ] SPSS 21. 0 Ge i+ A b B, 25 R FH 34
BbrUEZE (x = s) 2w, B R A Shapiro Wilk £ 56
XA AT IE S A A R 58, 40 R) 4347 oR FH PR R R
7253 M (oneway ANOVA) . 75 2255k ] LSD ¥k, 77
ZAFE R Tamhane . P < 0.05 Fm N2
P <0.01 FRNEFPEE,

2 H#R

2.1 HiFiEzh 4 AREEA S KR BINEEIER

1L %7 LB ( serum creatinine, Ser) | Il JR & &
(blood urea nitrogen, BUN) 1R k7 41 i BA J i
A JE iz 2% 2 H ( neutrophil gelatinase-associated
lipocalin, NGAL) 525 T HEFR &4 . Ser Al BUN J&
FHARI B DRt Gedabn . &S BrE B iyl
B AN 4, #0553 Ser Al BUN B9 & & T &
NGAL 23T 4F 2k I S R 2 1 B 450 40 1 i 28 A
bR, AT H ELISA # K BUR NGAL,
BRI R VR A DU Ser, 28 4h — 4% 20 R I S i 12 )
BUN, Jf-X1 4 41 K U D REFE bR 0 A8 (L #4750 B, 45
AN Table 1, AR R NGAL /K- 1l 1, 7735
IR R = T IR (P < 0.01) ;98
P 14 g oy )| R 2 ) 2 A1 T B o 1 2
(P < 0.01), FIZihx B AR LY, 713515 5 24 1)
Ser.BUN il 8 NGAL ¥ B % & T Con 41 (P <
0.01), ZRIER, JORE )iz gh 4 JH, FEOCR
BB

Con Rsv Ex Ex+Rsv
uNGEL/ng/mL 7.48 + 0.31 7.33 + 0.28 9.01 =0.18™ 8.10 + 00.27*
Scr/ wmol/L 153.34 + 8.67 148.73 = 10.07 175. 66 = 16.08 ™ 165. 66 + 8. 54
BUN/mmol/L 5.37 = 0.19 5.61 = 0.30 6.67 = 0.53" 6.11 = 0.36

Con: control group, Rsv: rats were given 50 mg/kg resveratrol by gavage, Ex: rats performed 4-week exhaustive exercise, Ex+Rsv:

rats were given 50 mg/kg resveratrol and performed 4-week exhaustive exercise. Date represent Mean + SD of 8 rats in each group, ™ P

< 0.01(Ex vs. Con) ;*¥P< 0.01 (Ex+Rsv vs. Ex)
2.2 HiBiEzh 4 AT ARBALRAES

R e B T R A K RS U A AR
b, AR R BV A R A 5 U0l i#:4T HE e o

JAE 200 565 N MEL, 45 80 Fig.1, K BIR,
Con 21 B /NBRZE Ry 52 3% DA R I | B /NER &R 5 41
F, PN B2 M S5 45 M M IE B . Rsv 41 B /NBRE 41 1ML
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EARLRTE T, B /N ER R AN, N B 20 M A2 R 1
TR F/NVE L B AR /N AR SRS
I Con ZHBEAEFTRIN , Ex 41 /NERZEFPA | Il 45
BRGBENRE S RN 2 /N L B IR b, 253078

P Yk A A D v 2R AL B A
JifL, IR A AL Ex+Rsv 41F /NERYE B A8, 4B
oI AE BRI BE B RN AE /N L B 2K e
2SR YT KA R Ex A TR

Fig.1 HE staining results of the renal tissue in each group

Four weeks of exhaustive training leads to changes in the kidney

structure of rats. Resveratrol improved renal pathological morphology and reduced cell damage, scale bar is 50 wm. Blue triangle.

glomerular; red arrow; cyst cavity; green arrow: renal tubular vacuolar degeneration

2.3 HEFAEREERSARBAELA SIRTI 58
Rk FERRIE
FAZE 7 A A — Fh KSR SIRT1 s 57, 7l 38
T SIRTL A R E S EB S SRR, A
PRI 1 BE 7 W 45 38 3 0% SIRT1 A 3k k& #51E
F . AS8F58 FH Western EJ 375 43 B 4% 2H K B 4H 41
(A)

Con Rsv Ex ExtRsv

SIRTI |s— ...I
“

B-Actin

Fig.2 Resveratrol significantly increased the expression of SIRT1 in the renal of rats

o SIRTI 7E 8 [ BTk ~F 9 3R 3k, 45 R a0 Fig. 2
TN o éﬁ%ﬁﬁ'\‘, Rsv 40 1 Ex+Rsv 24 K Wl '& 19
SIRT1 7E 4 15t K 1Y 3R 35 4390 i 285 T Con 4
(P<0.05)fEx4 (P <0.01), &554ExR Y
P2 B AT 2 R v KRRV 41 40 SIRT 7F 8 1

KRR
®)

—_
[e)}
1

—_
)
T

<o
'S
T

SIRT1 expression
(normalized to B-actin)
(=)

oo

(=}

1 o]

v Ex. Ex+Rsv

(A) The levels of SIRT1 in the

renal tissues of rats were analyzed by Western blot. B-Actin was used as an internal control. (B) The histograms show that the
quantified data of SIRT1 protein levels normalized to B-actin was significantly elevated in Rsv and Ex+Rsv groups. Data represent

Mean + SD of three rats in each group. “ P < 0.05 (Rsv vs. Con) ;*P < 0.01 (Ex+Rsv vs. Ex)

2.4 BEFERENBEHAREHR NF-xB
P65 & R FUKFRIRIE

K ¥ kB (nuclear factor kappa B, NF-kB) P65
JEHH Rel A B 2 Bk F 5o T4 — 2R

A LELHBR A RAE SN | G 1 2 A it B v NF-kB &
FECHEEAE . i — RT3 P I VR AL,
AW Western ENIIE , 434 45 2 K BUEF 4140 NF-
kB P65 Fll Ac-NF-kB P65 3535, 45 R4 Fig. 3 FIis
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JI3E2H KB Ac-NF-kB P65 F1 NF-kB P65 7E4E 4 FiK

SR B S TR FRA AL (P< 0.01) ,EB A

B BE R TR U Al B R T 1w 2R (P <

0.05), 435l Fig. 3(B) 1 Fig. 3(C), Ac-NF-kB
(A)

Con Rsv

NF-KB P65 | css S S—

Ex Ex+Rsv

AC-NF-KB P65 | s s cn s

p-Actin ...—‘

©

1.0
0.8 4
0.6

0.4
02 I"‘I
OO 1 1 )

Con Rsv Ex  Ex+Rsv

NF-kB P65 expression
(normalized to B-actin)

Fig.3 Resveratrol reduced the expression of NF-kB P65 in the renal tissues of exhaustive exercise rats

P65 /NF-kB P65 A YT F2ik 1t 2 30— B A5 1k,
W Fig. 3(D), &N, A BN T sl
R EFHL T NF-xB P65 B T ALIB e 1E T, 1
X7 NF-kB P65 7E8 H /K F-1ik,

(B

=

1.0 s

0.8

; #
0.6

0.4
0.0 L !

Con Rsv Ex Ex+Rsv

Ac-NF-kB P65 expression
(normalized to B-actin)

(D)

1.0 T
0.8

06

0.4

02

OO 1 1 1 J
Con Rsv Ex Ex+Rsv

(A) The levels

Ratio of Ac-P65/P65

of NF-kB P65 and Ac-NF-kB P65 in the renal tissues of rats were analyzed by Western blot. 3-Actin was used as an internal control.
(B) The histograms showed the ratio of Ac-NF-kB P65/NF-kB P65. (C) The histograms showed the quantified data of NF-kB P65
protein levels normalized to B-actin. (D) The histograms showed the quantified data of Ac-NF-kB P65 protein levels normalized to
B-actin. Data represent Mean + SD of three rats in each group. P < 0.01 (Ex vs. Con);*P < 0.05 (Ex+Rsv vs. Ex)

2.5 AEFAEREERENBEIAREHRKE
A

TE AR 22 90 40 D 5 b, iR 3R 2E I F-a
(tumor necrosis factor-a, TNF-ou) . F 4l i A &-1B
(interleukin-1B,1L-1B) ) . 4 i 4> 22 -6 ( interleukin-
6,1L-6) S50 2 4 M F + K ¥ FEAE R, MR
B PTIENS )  2OR BB A B E SO Y RE R,
ELISA J5 600 2% 2H K BUH 2H 2L R E IR 1 75 &

ZEA0 Table 2 F7R

A ZH R B A 4 5 0 R VR R B AR Ak mT
TNF-o IL-1p Fl IL-6 2 I —F 97451k, Ex 21 TNF-
o JL-18 HIIL-6 ¥ 2 & T Con 41(P< 0.01) , Ex
+Rsv 24 TNF-a 2 Z (KT Ex 41 (P < 0.05),1L-18
FIL-6 BB EMT Ex (P < 0.01) , RIHZEEM
Pt 19 I 7 AT Jd 2 08 2 38 B0 350 0 05 K B A B AR
SV,

Table 2 Inflammatory factors in kidney tissues of rats in each group

Con Rsv Ex Ex+Rsv
TNF-o/ pg/me 41.73 2. 10 41.77  1.82 51.47 + 1.90 48.59 + 1.06"
IL-18/pg/mg 5.03 + 0.23 5.02+0.19 6.61 £ 0.22™ 5.91 + 0.28"
IL-6/pg/mg 52.49 + 0. 54 53.37 + 1.03 64.12 + 1.15™ 58.68 + 1. 80"
Data represent Mean + SD of eight rats in each group.™ P < 0.01 (Ex vs. Con) ;*P < 0.05 (Ex+Rsv vs. Ex) ,*P < 0.01 (Ex+Rsv
vs. Ex)
3 e PHT-SE ER G R IAFERE > AR R, KA

Ke 40 Ak, 3B SR AT B T E AL 1 R e
AP EHOR S BT R T, A 2 IH 5 R 4
PR 2Z 6] S5 T A Y B — 2R 97 A S L 440 i

YNt R B 2H 40 TL-1B  TNF-a  IL-6 7E 7K [ JF 7K
R AR S 7N R W I SR = 47 IR T R X K RSN
SR ABFFE R, KR 18I 2% 4 K
S BLE SR B B . RN B S R AR
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HARR AT W E TS, FERAMHE F KT
Sz sl B G ) e A R AL A S, NF-kB /&
TNF-o \IL-18 il 1L-6 45 4 4 i PRl 1) S H e S ) 1 [
T TERBIARAST ,NF-kB 5 IkBa EEAEE TN
T, 24 Toll FE3Z A 4 PR 52 {4 o7 12 2 il
), 1kBa # IkB i# 8 (1B kinase, IKK) Mgk It
AZ FAMGAE S e 2 R A, AT NF-kB B fif
YA, FF S — FRFIAE 5 40 i R 7 Ak AL 1
L7 P M AR N 3 S RES T S 15 k22
NF-kB 7 4 JE 5 B 12 30 F 980 , 75 5 90 R K
SRR B SRE RN, 8 R Bz sh M B s, T RE &
FERMR B is B B, B = A4 K i ROS, IR 'E
YA NF-kB 0 , 1 2 BOLS) ALk A g0, &
RN A FERRE gz Hi, x 5K
55 32 Bl RS NF-kB , HIR 28 i 5 36 i B
JIL O LS 28 B A AR A (AR DG o — 3™

KRt RO, AR BENERPIEHNS
SIRT1 {5 5 SRR B VIAH G, NF-kB ¥ i o 3
SRS A 5 A I PR 1Y) e 5, TR 12 Bl B A Y
AR R E AN, (HR, HAE A R s
B0 R R 2 & S5 NF-«B B0 A G, i
KAEWGRIIE , AT R RV, NF-xB (1R ETE
iz I B A K RV 2 rp S S R i 2
RlATE SUR NS Y A VNS E Sl TN S EEu)
TS SR B 45 K BV T NF-xB 36 bk 20
PR T 174, 4k Yeung 51 91 5438 |, SIRT1
Alffi NF-kB 8 RelA/P65 V.3 1ys310 5% H& i 2 Bk
b, FEAIE NF-kB sk, AR iR T SIRTI
X NF-kB /-SSR B MHIE R . SIRT1 w bR 55k
W] T30 NF-wB {6 R R 4 40 it N7 R
1M SIRT1 309 77 (SRT1720 B A2 2 ) #1 i NF-xB
T B RIEA ARSI YRR

NF-kB J2& SIRT1 AY#E &5 NF-kB Z BEAL X} Hi%
PEE R, S HR A SORE I Y KR s
AR K ERAYE RAE, 1T NF-«B I5 AL A 1 58 5 11 1)
RV IH F A9 7= 42, SIRT1 5 NF-kB [ RelA/
P65 WA E AR, 3id1d RelA/P65 iR 310 5%
Rk £ BEAL SR 3 5 5. RelA/P65 (1) i & R
310 Z AL R AEWIE] NF-kB 58 455 536 Pk fr bb 5
[ ABIFSE rh FRATT K B B T KA
Wiz B K BB 414 NF-kB P65 7K, F&AK T NF-
kB P65 Sk ALK - W] 2 s 5E i 4 i NF-
kB P65 i & WAk 7K 7, T AR NF-xB P65 fY 3
Ik HEIREAR 1B AL 2L 5 IR 10 22 58 ok R4 B IR

PYEM, X5 Chen 45 BT, (AZE P I £k
SIRT1 & P65 1 L WAL AN NF-kB X 4% Syifi i)
T, DA TITZE A 2850 Hh OR A7 /) e JoT 240 B AR 44 0
FERR -8 BEPEAILEDE—BUH

M AR NF-kB {5538 i 75 15 3h Tk I
P05 BB AL 2 rp Bl T | I e 9 AR % 41 A
F TNF-a | IL-1B F1 1L-6 7= A= i itz sh Pk B 51473
TAE K8 B2 32 Bl T ) I 78 1 2 P iz sl ok B 4614
) R A R AT 5, R P s B M B A
S TENLE AT B 5 BT RAE B VIO, FI2E B
IS SIRTL 7R 2 BT /K - B 2R3k 35 hnxd NF-
kB I BEALAE VR T, 0] NF-«B 1 3R 3K Fl I
b, NI A2 9 4 PR 7 1 7 A . AR,
B P EAEAZ SR B 4540 A DG ) SE I N Y HLAG T AE
() A
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