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Effect of resveratrol on the expression of peroxisome proliferator activated receptor -y coactivator-l1a
in skeletal muscle of rats with chronic obstructive pulmonary disease

QI Yong, WU Ji-zhen,SI Dan,XI Fang, SHANG Jun-yi

( Department of Respiratory and Critical Care Medicine , Henan Provincial People's Hospital , Zhengzhou 450003 , Henan Prov-
ince ,China)

Abstract: Objective To investigate the effect of resveratrol on the expression of peroxisome proliferator activated re-
ceptor +y coactivator-la (PGC-1a) in skeletal muscle of rats with chronic obstructive pulmonary disease(COPD). Methods A
total of 45 male Sprague Dawley rats were randomly divided into control group, model group and resveratrol group,15 rats in
each group. The rats in the model group and resveratrol group were made COPD model through the intratracheal instillation of
lipopolysaccharide and repeated smoke exposure , except the rats in the control group. From the 29" day of smoke exposure , the
rats in the control group and model group were given 2 mL saline by gavage,once a day for 30 days;and the rats in the resvera-
trol group were given 2 mL resveratrol solution by gavage(100 mg - kg™' + d™") ,once a day for 30 days. After 30 days of con-
tinuous gavage,the rats were sacrificed, then arterial blood and skeletal muscles were harvested. The level of tumor necrosis
factor-a( TNF-a) in serum and skeletal muscle of rats was detected by enzyme linked immunosorbent assay. The expression of
PGC-1a,nuclear respiratory factor 1 ( NRF1) , mitochondrial transcription factor A( Tfam) and cytochrome C oxidase [V ( COX
IV) mRNA in skeletal muscle tissues of rats was determined by quantitative real-time polymerase chain reaction. The expres-
sion of PGC-1a, NRF1,Tfam and COX IV protein was detected by Western blot. Results The level of TNF-a in serum and
skeletal muscle tissues of rats in the model group and resveratrol group was significantly higher than that in the control group

(P <0.01). The level of TNF-a in serum and skeletal muscle tissues of rats in the resveratrol group was significantly lower
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than that in the model group( P <0.01). The expression of PGC-1a,NRF1,Tfam,COX IV protein and mRNA in skeletal mus-

cle tissues of rats in the resveratrol group and model group was significantly lower than that in the control group( P <0.01).

The expression of PGC-1a,NRF1,Tfam,COX IV protein and mRNA in skeletal muscle tissues of rats in the resveratrol group

was significantly higher than that in the model group(P <0.01,P <0.05). Conclusion Resveratrol can reduce the level of

TNF-« in serum and skeletal muscle tissues of COPD rats , increase the expression of PGC-1a,thereby improving the mitochon-

drial biosynthesis function.

Key words:

18 M BH 224 Al %95 ( chronic obstructive pulmona-
ry disease, COPD) & AANGE 4 A3 it R4k 2 R
SARRAE FLIEAT I 2 PR 48 P R R P
HJE COPD [ 7716 B LS 2 T B, B ik LS e
SR E COPD B HE i TR EER R,
WFFE s, COPD T & A Ji] B i JUL b A7 7R ZORL A4 57
W, BRI LR K it 9l /D LR A 5 R 5 St
B S SR A T B B A
KF v 306 71 ( peroxisome proliferator activa-
ted receptor y coactivator-1a, PGC-1a) RJ/E F F T iff
W) i 4% W% A F 1 (nuclear respiratory factor 1,
NRF1) | 3006 — 22 9 A% i g 1) I I A O BE R, i 3 44
fut 2 C EALEE IV ( cytochrome ¢ oxidase [V, COX
V) 435, 8 58 ZORL AR e 5 7 A (mitochondria
transcription factor A, Tfam) [k , PR RIAAEY)
FIIRE™ o AR I 0 A B 11 2 T AT
J& COPD K BB % ILZRLAA AR W) 6 BUAR AR AR 1) 2k
A5 ERVTHXT COPD Bl % ILZRE 14 A= ) 5 i M
B S S L 5]

1 #R5FE

1.1 WEWRSE  Tor e KR Spra-
gue Dawley Kl 45 H K& (200 £20) ¢, i /g
HILE S o BRI, SR IE S $8 XK20050001
K 45 R B BE DL 432 Xof BR 2 55 780 24 0 | 2 7 it
H, A 15 H,

1.2 #Z¥aRFE5)E B (L E LITOZIN
5], e R A B A 3 A 2 T A= TE A5 4
£.120000113142900) , fdii K Bl PCC-10 £ 35 e 4t
A (sc-13067) | 1l *EHT K Bl NRF1 2 58 BEHTAK (sc-
30911) /INRBTR B Tham B g BEHTIAR (s5c-166965 ) |
FEHTR B COX IV 22 3 BT IR (569359 ) (3£ [
Santa Cruz 23 7]) , BRI G2 W U5 ( enzyme linked
immunosorbent assay , ELISA ) /7| &; ( 32 [E PeproTech
i) S R A M Y quantitative re-
al time polymerase chain reaction, qRT-PCR ) iX#| &

chronic obstructive pulmonary disease ;resveratrol ; mitochondrial biosynthesis

(3£ & Invitrogen 23w ) o AR & 38 250 L (128 =
Heraeus /2y #] ) , 7300 %I qRT-PCR {¥ ( 2 [E ABI 2y
A)) , PowerPac Universa C B! Hi yk & 4t ( € [# BIO-
RAD A#]) o

1.3 COPD #&H| & 5RAEAKXRLERE RXS
HRZH A1, A AR 20 0 ) 2 i 2 K B o <078 N T T
6 22 WA S M %5 S s i COPD RIS J %
TR 29 KB ZH RN 2 P A 3 R,
X RRALIBC T R BRALBE , Jili g 24 2 46 4 36 31E COPD
RN o S 2R 20 Rk, X R ZH FIAsE AU 26
REZT 2 mL AR BEKHE R, F2 B4R 4G
T2 mL (R EEATROE E (100 mg - kg™ - d7),
HESEE 30 d, AT SERARIE SRS S s sh P 1e
PR

1.4 WERRTE

1.4.1 KRR IMEF/NGE & 858 AL 2 o Py 3R 52 [F
F-«( tumor necrosis factor-o, TNF-) 7K il iE
i T30 d J5,100 g - L~' KA SR 1 1 5k
R SR, 2RI 3 Bl iR 4R 1fRE L3 000 ¢+ min ™' B
> 10 min, B E 5, - 80 CLRAF. REIMAFE)G 4L
FER L BUNBE =329 1 ¢, )% )5 3 500 r + min ™'
B30 10 min, BCETEW . SR ELISA 32590 % B ifiL
T F/NSR B WLZH 2 TNF-o 7K, P74 42 BR K 571
AU B TR

1.4.2 qRT-PCR #& il K BR /N & 88 AL 42 R b
PGC-1a,NRF1,Tfam } COX [V mRNA Fix K
REINBE =K UL 100 mg, ¥ 0 BETE , A TRIzol 5
513 BB RNA, Gl 8 g« L™ B W e . Tk
PRI 2 B RNA A4l 155 4 RNA ¥
B, #R¥E Supre® I First-Strand Synthesis SuperMix
for qRT-PCR ¢ ] 15 47 S s # A J8Lad ROX Y
Platinum SYBR® Green® SuperMix-UDG #47 qRT-PCR
¥, GAPDH I 335|459 J 5'-GGGTCAGAAG-
GATTCCTATG-3'", N5 | ¥4l 5’ -GGTCTCAAA-
CATGATCTGGG-3'; PGC-la F ¥ 51 4 ¥ 31l 5'-
AAGGTCCCCAGGCAGTAGAT-3', T s ¥ %) K
5'-TTCAGACTCCCGCTTCTCAT-3'; NRF1 FiiF5| ¥



S6 M 5F 0K, S A EEXTE R ZE AR R R L A R TR 32 AR DR T y B P - Lo RIS - 453 -

F£31 8 5'-TTACTCTGCTGTGGCTGATGG-3", F 5|
Y %1 Jg 5'-CCTCTGATGCTTGCGTCGTCT-3" ; Tfam
FWi Bl ¥ 5l 5-GAAAGCACAAATCAAGAG-
GAG-3', F 7 51 ¥ ¥ %1 & 5'-CTGCTTTTCATCAT-
GAGACAG-3';COX IV LiiF51 9 ¥ %A 5'-TCACT-
GCGCTCGTTCTGAT-3', F ¥if 5l # 7 4 Ky 5'-
CGATCGAAAGTATGAGGGATG-3", 1) 2 44k
mRNA X} &k,

1.4.3 Western blot %# KR/ EERAALR
1 PGC-1a . NRF1 . Tfam % COX NEA XX ¥
N = 3k WUZH SUBIF s M A IR, Wi B 2 4 2 g ™
1,4 °CTF 10 000 r + min ' Z.0 10 min, Bk
FRE B WP EA SR, -70 CRAZ& .
F 100 wg B A FFEASEAT T e LA R B R N
I TR MR I LK, B I, B AT WS i — B, IR R
B 1 h,4 CHEFE 24 h, EPE3 K, IR S min, Il A
IR o AL D G P B 1gG 90, il F
1, FRUCERDE 3 W, BRI S ming SR 3 AL~ ROt
2, iz AR o i 0 B I A 58 15 5 1Y)
WL

1.5 it abiE N SPSS 22. 0 bk fr4eit
SO HT e ISR (x £5) FR, AR IES 31
R EORT DY S () B R, A7 A IE S 40 A HL
5 2% 5 W 2 s A AL R) EL R B 2R 2200 #
B 1E 25537 B 2 8] Eb A8 SR FH A ARG 565 5 4G 365 /K
a=0.05,

2 #R

2.1 HEAXRRMFMBEALELR S TNF-a KFELE
B RN 1, BIAYLA A RE P AL KRR M A
HHEIA A P TNF-o KP 2 35 8 T4 B4, 3
s 20 R BRI 55 R B LA 20 T TNF-o0 7KF i 251G
TR, 22 A B2 L (P <0.01),

*®1 BEAKXRMBENSHEIEL S TNF-o Kk FLLE

Tab.1 Comparison of the TNF-« level in serum and skele-

tal muscle tissues of the rats among the groups (xxs)
13 . TNF-o/(ng « L™")

JIIRE HHEL
it B2 14 154.7+ 13.0 129.8 + 11.8
R 2 12 378.1% 26.3° 330.6 + 23.8°
HEE 12 248.0 % 23.5% 229.3 + 26.5%

TSI e P < 0. 015 S TIAH HAs P <0. 01,
2.2 BAXREBEINEALRH PGC-la, NRF1,
Tfam }% COX [V mRNA FRiEEEE 455 003 2,

LA B AN T AR U B LA 8L PGC-la
NRF1 . Tfam }% COX IV mRNA A%tk & B 2K T
IR, 22 R A GETTH 28 (P <0.01) 5 FHEE I
IR BB B L4140 PGC-1a\NRF1 , Tfam % COX
IV mRNA APk i o TR, 2 R A 5
TR (P <0.01,P<0.05),

®2 JBAXRBEHKINALK+ PGC-la, NRFL, Tfam &
COX IV mRNA FRik k%

Tab.2 Comparison of the expression of PGC-1a, NRF1,
Tfam and COX [V mRNA in skeletal muscle tissues of the

rats among the groups (xx5)

gkl n PGC-la mRNA
papE 14
s 12
HEAE 12
s 5 X HRAL P < 0. 015 5 R AL LB P <0.05,°P <
0.01,
2.3 BAXREBHAEALAH PGC-1a, NRF1,
Tfam % COX VERFRIAILE LR IWLE 1 FIE
3, BORUZH RN 2 PR OR BB LA 2L PGC-
la NRFI Tfam J COX IV & 3k 8 &K T X g
M, ZRAGFE (P <0.01) s HEEFIRA K
A ILZH 4 b PGC-1a NRF1 Tfam &% COX IV &
HRIB D E S TRMA, 2R A5 E (P <
0.01),

NRF1 mRNA Tlam mRNA ~ COX IV mRNA

1.00 £ 0.00

1.00 £ 0.00 1.00 £ 0.00 1.00 £ 0.00
0.17+0.05*  0.20+ 0.08*  0.21 = 0.04*

0.38+0.22*  0.40+ 0.19® 0.50 0.21°

0.25+ 0.07*
0.63 % 0.37%

X MR 21 BRI RPREE Mr

PGC-10 s e e 90 000

NRF1 —-~ 120000

B-actin - 43000
&
‘ =
Tfam 25000
COX IV — ‘E 17 000
B_a(l"in _ no

Bl ®BAXRBEAINALF PGC-lo, NRF1, Tfam R
COX [VZE B\ %*i% ( Western blot)
Fig.1 Expression of PGC-1a, NRF1, Tfam and COX [V

protein in skeletal muscle tissues of the rats among the

43000

groups ( Western blot)



- 454 - G Bl

2018 4 35 %

http : //www. xxyxyxb. com

*3 HFHXREHIELAR P PGC-la, NRF1, Tfam K
COX VEAFRIZLLE
Tab.3 Comparison of the expression of PGC-1o, NRF1,

Tfam and COX [V protein in skeletal muscle tissues of the

rats among the groups (x=s)

A5 n PGC-la NRF1 Tfam COX IV

bayceiil 14 065005 0.54+0.05 0.48+0.04  0.60+ 0.04

Al 12 0.16+0.03°  0.14£0.02*  0.12£0.02°  0.11£ 0.02°

BAREA 12 0.39%0.03  0.34+0.04° 029 0.04 0.31+0.03
T S BEAH H A P < 0. 015 SR A P < 0.01

3 itig

=3 IR ) VTR 2 R RS YA L NS TR N
RERY ek AR 25 51 & 4i i e i AR 0. AR R B,
COPD (¥ iz g i v 0 s B ZL R R ik, 7L IR O
A5 IR L= A T A T R LPY , 3k 34 o] LA
fE R M4 COPD J# (3B st 52 /1 R . 5%
7R, COPD BEA A FL/INBE = Sk L Hp R {4 H B 4K
TUD B K g WA LA K N T U B R U i ek
A5 IR COPD Kk R FE LR BLATE A 53

WE5E 7, COPD i85 i 4 JUL s BIL A2 16 F Bl
PGC-1a 7K A5 4k, COPD B85 WLET 4 ] LA % A=
T i 11D () 4% A8 | 1 PGC-1aw 7] D3 S 4 5 11 7Y
LT 4 1 BULET e g i A R BAR ML A
FEIFIE. SFuk S BF ST 27, COPD kR NRF1 Al
Tfam & [ & mRNA FiEKFEHTRE, #2785 COPD K
RERIRAEE A YA R, X —45 5% 5 REMELS
A e

AT 45 S w41 KRR R LA 4L R
PGC-1a NRF1 Tfam .COX IV % 1 &% mRNA 335 &
FART X IR, 3 e R BB R LA 8L PGC-
la NRF1 Tfam ,COX IV # [ % mRNA &Ik i & 5
FAERILL, 7w (22 ] D 25 0 COPD kR
BB LA I A SRR A= 5 BRI RE , DT A2 2 2l
HEN R, PR BN, A3 A
RLRAEY) G B A MR VE R PL A (1)
WOE IR B A 1, {2 F PGC-1a 1 1k, BRAR L
A A BCIRAS 5 (2) R ZkE A4 A A B 51k
it K-, S T T bR SR AR SRS 5 (3) AR
BIREE 1 2 MR35, 175 5 A (0 IO AR 11 2 L {4 3
W OB R AR SRR B,
FE S50 P W PR A 2895 72 B, 1 22 P AT LA R AR
TNF-o I 26 FIFRSE A W2 KR A
WA RAL R, B P A] LR COPD K i
LA S I TNF-o 7K, 235 COPD K LAY

RARESIIRAS o BRLRTIBE S5 7T LT BAUA R AE
SRR | AR T AEIE i e LR ok A
Y1 LI RENS % COPD K 4 B I Jy B 46 i [ N,
(R BARALHT T 2E— 55T .

g5 Lk, (3P EE A] LARE AR COPD K R IfiL 35
KOS AL ZH TNF-a ZKSF, 315 PGC-1a 357K
-, AT B3 R A ) B BT RE

S 3k

(1] 20, SRR, 25, 45, PMy, 5 X b o BHL S8 VR I 5 0 5 Tl BT 52
BERELT]. B & BEor Bl ,2016,33(3) :234-238.

[2] HOPKINSON N S,TENNANT R C,DAYER M J,et al. A prospec-
tive study of decline in fat free mass and skeletal muscle strength in
chronic obstructive pulmonary disease [ J ]. Respir Res, 2007, 13
(3):8-25.

(3] MW, ERV-. W B A it s - L 20 A I P A O [
AU BT [T ] i PR i A} 2% 35, 2016, 21 (2) : 340-
343.

[4] 1ISLAM H,EDGETT B A,GURD B J. Coordination of mitochondrial
biogenesis by PGC-1alpha in human skeletal muscle ; a reevaluation
[J]. Metabolism ,2017 ,79 :42-51.

(5] Fruk, XITFEE, M ARAK, S5 15 1 B A P s R B i L 4
PRI = W0 Z AR y SO R -1 o R XTI
FRHYZM[T] . h RS AR, 2015 ,32(2) :367-369.

[6] PUENTE-MAESTU L, LAZARO A, HUMANES B. Metabolic de-
rangements in COPD muscle dysfunction [ J]. J Appl Physiol,
2013,114(9) :1282-1290.

[7] QIY,SHANG J Y,MA L], et al. Inhibition of AMPK expression in
skeletal muscle by systemic inflammation in COPD rats[ J]. Respir
Res,2014,15(1) :156.

[8] REMELS A H,SCHRAUWEN P,BROEKHUIZEN R, et al. Peroxi-
some proliferator-activated receptor expression is reduced in skele-
tal muscle in COPD[ J]. Eur Respir J,2007,30(2) :245-252.

[9] JARDIM F R,DE ROSSI F T,NASCIMENTO M X, et al. Resvera-
trol and brain mitochondria:a review[ J ]. Mol Neurobiol ,2018 ,55
(3) :2085-2101.

[10] LAGOUGE M, ARGMANN C, GERHART-HINES Z, et al. Res-
veratrol improves mitochondrial function and protects against met-
abolic disease by activating SIRT1 and PGC-lalpha[]]. Cell,
2006,127(6) :1109-1122.

[11] KUMAR A,SHARMA S S. NF-kB inhibitory action of resveratrol ; a
probable mechanism of neuroprotection in experimental diabetic
neuropathy[ J ]. Biochem Biophys Res Commun,2010,394 (2):
360-365.

[12] VR SKIE 2R . 8 B 75 ' IR AR 19 B S AL 40 f 7Y
PRAPPEFILT] . IR B #E R 2014 ,34(8) :732-734.

[13] ZHOU R,YAZDI A S,MENU P, et al. A role for mitochondria in
NLRP3 inflammasome activation[ J |. Nature,2011,469 (7329) .
221-225.

(AX%iE:HhEB HXHE:HAB)



