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Role of IRS-1/PI3K signaling axis in the effects of Bufei Jianpi
formula on mitochondrial damage in skeletal muscle of chronic
obstructive pulmonary disease rats

SHEN Tingting'*, LI Suyun®*", LI Ya®, XUAN Yinshuang'*, LI Jingmei'”, LI Gaofeng'”>, HAN Bingyang'"
(1. Henan University of Chinese Medicine, Zhengzhou 450046, China. 2. Chinese Medicine Pharmacology
(Respiratory) Laboratory, the First Affiliated Hospital of Henan University of Chinese Medicine, Henan Key

Laboratory of Traditional Chinese Medicine for the Prevention and Treatment of Respiratory Diseases,
Zhengzhou 450000. 3. Respiratory Department of the First Affiliated Hospital of Henan University of
Traditional Chinese Medicine, Zhengzhou 450000. 4. Co-construction Collaborative Innovation
Center for Chinese Medicine and Respiratory Diseases by Henan&Education Ministry of China,
Henan University of Chinese Medicine, Zhengzhou 450046 )

[ Abstract]  Objective To explore the action of Bufei Jianpi formula ( BJF) on mitochondrial damage to skeletal
muscle in chronic obstructive pulmonary disease ( COPD) rats via its regulation of the IRS-1/PI3K signaling axis.
Methods 60 SPF SD rats were randomly divided into Control group, Model group ( COPD stable stage group),
aminophylline (Am) group, BJF group, pioglitazone (PIO) group and BJF+PIO group, with 10 rats per group. A stable
COPD rat model was established via forced smoking and Klebsiella pneumoniae nasal drip method. Samples were taken from
the 9" week to the end of the 20" week, and the weight of the rats was measured every week. Routine sectioning and HE
staining were performed on lung and skeletal muscle tissue, and corresponding pathological changes were observed under a
licht microscope. The lung function of the rats was observed by whole-body plethysmography in weeks 0, 8, and 20,
including tidal VT, PEF, and EF50. The mRNA expression of IRS-1, leptin, PGCl-a, and PI3K in rat skeletal muscle
was detected by qPCR. The expression of PGC-1a, TFAM, IRS-1, PI3K, AKT, p-AKT, and leptin in rat skeletal muscle
tissue was detected by Western blot. Results The Model group, but not the Control group, showed a large number of
inflammatory cells infiltrating the alveolar interstitium and bronchus, indicative of lung disease; some alveolar walls had
broken and fused to form air cavities, and fiber networks were destroyed. After drug treatment, the rats showed improved
alveolar wall and fiber network integrity and reduced inflammatory cell infiltration in the bronchus, especially those in the
BJF and Am groups. In the drug treatment groups, the skeletal muscle pathology of each group showed improved spatial
arrangement, the atrophy and fracturing of muscle fibers were ameliorated to different degrees, and cytoplasmic staining of
muscle cells was uneven, and the BJF group showed the most significant effects. Compared with the Control group, the
Model group’ s PEF, VT, and EF50 significantly decreased from week 8 ( P<0.01), while the BJF, BJF+PIO and Am
groups had significantly increased PEF and EF50 ( P<0.01). Compared with Control group, the Model group’ s mRNA
and protein expression levels of IRS-1, PGC-1a, and PI3K were significantly decreased ( P<0.05, P<0.01) , the level of
leptin was significantly increased (P<0.01). Compared with the Model group, the mRNA and protein expressions of IRS-
1, PGC-1a and PI3K in the BJF group were significantly increased (P<0.05, P<0.01), and the mRNA expression of
IRS-1 in the PIO group was significantly increased ( P<0.01). The BJF+PIO group’ s mRNA levels of PGC-1ae ( P<0.01)
and mRNA and protein levels of IRS-1 and PI3K were significantly increased ( P<0.05, P<0.01). The mRNA and protein
expression levels of PI3K in the Am group were significantly increased (P<0.01). The expression levels of leptin mRNA
were significantly decreased in the four treatment groups ( P<0.01), and the expression of leptin protein was significantly
decreased in all treatment groups except the Am group (P<0.01). Compared with the Control group, the Model group’s
quadriceps femoris tissue showed a significant decrease in TFAM and p-AKT expression. TFAM and p-AKT expression in
all the treatment groups showed an increasing trend, but the difference was not statistically significant (P >0.05).
Conclusions By regulating the IRS-1/PI3K signaling axis, Bufei Jiempi reduces mitochondrial damage to skeletal
muscle, increases the expression of PGC-la and mitochondrial transcription factor TFAM, enhances mitochondrial
biosynthesis, and reduces pathological damage to lung and skeletal muscle tissue.

[ Keywords] COPD; skeletal muscle dysfunction; IRS-1/PI3K signaling pathway; Bufei Jianpi formula
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12 P BH ZE 4 il % 9% ( chronic obstructive lung
disease , COPD) J&—Fh LAAS ] 336 S it 52 FIR A ( 1) 18
PEATERAE N AR AW R G5 T
2030 4F, ¥ B R AR 3 AT R L AR B AR
R~ EE Bk 28 e g fm] A2 R L) i
fitt ( skeletal muscle dysfunction, SMD) 4 COPD ¥ L
(AR EL T FURFAE 2 S RE 1 32 3h B ) 2 5t A ik
TGS 235 1/3 (1) COPD (B34 n] B
BRI S 7 s, DL B % 57 PR i 40
HRIm LA 2 2%, 35 R 4x B PR R E | A I I A2
R RER 557 L SRR R 3 TT 5| & 41 i
REF AR AT A7 B IR 5 0 8 175 P AR | 4R AL O 3L
TR PR EESZ ] Zehi iR DNA B 4555, AT i —20
I SMDP

[k 1% R Z KW 1 (insulin receptor substrate 1,
IRS-1) BRI WLEZ 3 0 ( phosphatidylinositide 3-
kinases , PI3K) 4/& PI3K =S BT R T , IRS-
1/PI3K AN ZRLIA T BE TN B 5 2R A5 5 4 T i) 3 %L
{525, e 1 RE B AU AN A AR K bR B
TR, B LR B 5 2R a2 4 2 W 4 I A5 A
MM FEZEAHRZ — AWK, 8 %
PRUER IRS-PI3K 372 512 BRI Xoh 36 25 1 1 5 0
MR BEZ BB IR BT, 25 T 30N TR A Ak
ARSEIN, BRI | K S I AT | SR E B L LA B AR AR
W S R, X SRR T COPD H %Il Ak
BB & R R e RS IR G, 9 4% IRS-1/PI3K %
53 % T RE A I B LR A 45 1) R AR
b S AL T A TE TG 2 Ay BB AL R 1a
( peroxisome

proliferators-activated ~ receptor vy

coactivator la, PGC-1a) 2 —" B HALNE S EF
T RN PN RS 2 G AR R I B L
RS R MRS RIS TR REY
W LR A A RN 2Rk A W i AR
iR 5 22 S AEGRI LA 1 Bl ( pioglitazone , P1O) AT I
AT PCC-Ta HE AL, BEAD, S A 5
F A ('mitochondrial transcription factor A, TFAM) {E
AR B PR A S T SR R TR R
ZBLR DNA (miDNA ) 235 Je 2 5 A 21 52 il o
kR H TEEEMCT

22 (leptin, LEP) J&—Ff 8 H B K, th g
TS, 2 59035 0E R D5 5 RE f AR, i &
A, AT 07 40 i i, AR, H R SMD L
AR PRIG I7 A7 28 e A 22 L AT i, 40 B3R v O o 5

RTINS BRI A — TR,
[EP R EL 7/

HEEZGIRYT COPD SR 35 IR B4 wif B AF 5%
BRI, A I 0% i D) M A0 AR 3 A I PR
FEPR G il D) RE T B ) 1R /D St i B I Ik
BOHE S B A R R BOR,
R G 7 fE 6% W 2 M COPD K BRI S 1k B
P AR BRI R TSRS Ao E WL
BB ILZRL A A= )6 1 S TRS-1/PI3K AH & 48 bR AR
R SAE N Fi L R (RTINS o S Y AR
VIR iAo

1 #EFTEE

1.1 s
111 SR

SPF 2% SD Kl 60 H,6~8 J& %, 4 & (200«
20) g, WEMEAF W T 55 mE DL S 58 s i B ol
[ SCXK(#)2019-0003 ], 7ETA[ g H7 BE 2 K555 —
B I g o0 S 56 5 JF R 4] 9% T A [ SYXK ()
2022-0004 ], FERNEREE 7 d, TCHE AR SR, [ HK
FHTCHEK 1) % B 555 2 e S 30 5 7 vp 5008 52 56 3
3R BRI, ARSI 260 g v B 2 K2R SE R s e
PHZE 5 23T AL AE (YFYDW2016027) .
1.1.2 474

il ¢ 52 B AFTFF T8 (46114) , Hy v [ B2 27 200 1 A3
P B PR 2 AR e B R A R 6% 10°
CFU/mL,
1.2 FERFSMNE

VA #1=3 P R4 i (A AN <2 i B Sy
10 mg, fHBH A 1 mg, M CO & 12 mg, I Fg H 4R
TP BRTAEA F AR AT (8K 582
FIAR AR SE) IRE , AR B 25 K24 224 B 259
OIMTSCER EIRAE 1 g B A2 2. 1 o AR S R 5
EHIHOA , & 20 mg, PRI 2 g NEAS 51 R Ry B A
1000 mL B i &7 () H LR 4E K g (CMC) v, T
@ﬁﬁ*#%iﬁ*#, HEIRS S B Al 2 mg/ml, NH A%
GV BRI A, R 0.1 g, H 2 F
H41020704 , f i ra il 25 ) A BRA 7 il 25— ) 4t
1 FH AT N ZE 18 AACK RS AR 1. 0 mg/mL ¢ B 1 TR &
W ; A FEL 7K (0. 9% NaCl) |, 43 500 mL, H1 il /g 47
MRAR A il 25 B 0y A BR 2% W] 46 fiE, TRIzol Reagent
(Invitrogen, 5% 5. 15596018 ); i ¥4 % ik #| &

( Invitrogen, %% 5. 4368814 ) ; SybrGreen Mix kit



60 P AR 2 2R 2024 4F 3 A% 34 45 3 1 Chin J Comp Med, March 2024, Vol. 34,No. 3

(Invitrogen , 575 : A25742) ; TG 7K ( Solarbio, 5% .
R1600) ; PI3K p110 S £ s EHLK (Gene Tex, §7%5 .
GTX111173) ; Leptin 2 B 52 B HTAK ( Gene Tex, 1%
5. GTX109204 ) ; TFAM % 2 7 & HT IR ( Gene Tex,
%5 :GTX112760) ; IRS1 %% TR ( Gene Tex,
%5 . GTX78916) ; PGC-1a #it £ 5 B 471 14 ( Gene
Tex, $ %5 : GTX37356) ; AKT #it 2 78 B Hi &K ( Gene
Tex, 55 : GTX121937) ; AKT ( phosphoSer473 ) % %
SEREHTR (Gene Tex, §7%5: GTX128414) ; =41 RIPA
B4 ( Solarbio , 525 : R0010) ; BCA & [ ¢ i I 5
5% &5 ( Solarbio, 575 . PC0020) ; SDS-PAGE #¢ i
8 5) £ (Solarbio, 525 . P120) ; UL 245plus | %
1 Marker ( Solarbio, 5% 5 : PR1930) ; GAPDH R £
TP (155 . 10494-1-AP) HRP 4510 1L EH %
THU( 5T :SA00001-2) Hy N AR 51T
SINLER 1, 1IVC- 1 sh Wil 32 28 B (15 RS 5 sh ) i
BAHRNF ILHBERMT) ; 2B ARBHICR S
( Buxco, 35 [H ) ; PM-10AD Yt 2% & 13w e FEAH R 4
(OLympus optical, H 4%) ; 7500 % 5C B %¢ Y g &
PCR ¥ (ABI, 3£ [ ); #% MR & M1 & &t f W Y
(NanoVuePlus, % [ ) ; ChemiDoc MP 4= RE Hif% R 4t
(BIO-RAD, [ ) ; i # 75 2018 7R 2.0 AL ( Thermo,
) ;BS210 S LT RV (FEZHFIM 8] |
1.3 ZWHE
1.3.1 ARG

KB [ T s ) 572 58 B b ad R AR 7 d
TCUATERL TCTRK SR | PR FRF 35 N IR BE 42, T
JEIEH BN ARGEIER , S BRI A FTary g
() COPD LAYl £ 572 SR B M0N0 55 2 R e
TR IR YL 45 COPD R A K BB A . R 48 5
J T A 8 FE R BRI AT, ¥ 0. 1 mL IR A
H B AL AT, IR 6x10° CFU/mL,

&1 519F5)
Table 1 Primers sequence
SR AR FFHI(5-3")

Gene name Sequence(5’-3")
F AACTCTCTGGAACTGCAGGC
PeCl-a R GCTTTGGCGAAGCCTTGAAA
PI3K F ATCGACCTACACTTGGGGGA
R CAATATCTTCTGGCCGGGCT
. F CAGCTTGCCTTCCCAAAACG
Leptin R TGTGGAGTAGAGCGAGGCTT
IRS1 F TGACAGCTCCCAATGGTCAC
R GGTAGCACCTGGGATGTAGC
CAPDH F CACCCGCGAGTACAACCTTC
R CACCCGCGAGTACAACCTTC

5 d i 1R S8 JH ., 4 TR AT FH 24 24 K B
L R R (R A 0K 25 e B 1A 31 (3000+500)
ppm, FEK 2 YK, 4K 30 min, B FIBH =3 h, £F
L 12,
1.3.2 5

% Microsoft Excel F7“RAND () ” R, ¥ SD
KEBEHLS> M 25 1 ( Control ) 2 . COPD Fa 5 H A5 1
(Model ) £ | MiEA% 51 i ( P10 ) £ 40 i £ 15 75 ( BJF)
2H KD NE T + Nt A% 31 R ( BJF +P1O ) 41 DL S 245
i ( aminophylline , Am) 2,10 H/2H .
1.3.3 4

H 25 9 TR Z 26 20 JE 459, BJF 41 BJF+P10
U Am HRBBIET BIF(12.42 ¢/ (kg - d)) |
Am(0.027 g/ (kg - d) ) FEH , BRHEH 2 K, [BIE =
3 h, Control ZH 1 Model 2H K FL 1) 25 T A= PR ER 7K 3
H(EH2mL), 24 15 &, BIF+P10 4 P10 4
KEINAT PIO(0.01 g/ (kg - d)) ME 14t 45
KW, 36 Ji, &b 7 /9 im R 5 ok
1.97 g/kg, K B2 9 ) i R FH 45 28050 i 4 0 K
HHE,
1.3.4  F5bRAE
(1) Tt

TS 0.8 .20 JRIZE AT >R FHJC R 4 4 B ik
BUHEIC R S8 (WBP) Wl & K U 2 RE , 60465 9] <
(VT) R0 i 3 ( PEF) £l 509% 8] /< 5 <00 &
(EF50) .
(2) fitidps 2

B, HT 10 9% v R 08 3 2 il 20 min | [
FE 72 h B BE K HEAT A AL R R R & 4
pwm FEATY) R, H AL HE Y 98 )5 8 i ' i s
MEE /NGB AT S B AR 1R
(3) My sk Ly 2

3B IO JBE D Sk AL, N5 5 JUL PR 8 B 85 48 T
2 A T K TR ) A B P Sk LA 21, A B TR
Az PRER K ok s s — e e Sk AL 7 7E 10% v H
P T S St AT A 0 A MR R ERAS I 5 5 — B A%
TERAEAE T A T =80 CHAT  fFInstE S
FEPRR
(4) RT-qPCR £ ] Ji& PO 3k UL 2H 21 IRS-1, Leptin
PGC-1a UL & PI3K mRNA ik

FH TRIzol ¥ $2 B BB U Sk WL 4H 2 v 119
RNA, #¢ J8 3 5 5 3 3] & 0 452 48 O vk o 5 s oy
¢DNA, ficiil 20 pL qPCR VAR RS PCR [,
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KH GAPDH A0 N 2, M40 50 & 3 W 45 I
N &AFHEAT PCR &34, B0 S 647 8 40 #r, 4%
HE mRNA Xk 2 =22 3145,
(5) Western blot Kl i P4 Sk LZHZ! PGC-1a [ TFAM |
IRS-1 .PI3K AKT .p-AKT . Leptin %K 1%

S 20 R BRI D Sk LR 29, 4 R 2 1 $ BGAR
S PRI Sk LS 11, £ F BCA A A AR 25 1
WEE, B 40 g SETHETTHLTK BRI T 5% BB 2R
WA 1 h, A PGC-1a Fi/A 1:1000  TFAM HTA 1
:1000 .IRS1 $HifAk 1:500 PI3K il 1:500  AKT Hifk
1:2000 . p-AKT #if& 1:500 AKX Leptin % 1:1000,
4 CHEIR FARHE R, 1 X TBST ¥Ei% 3 K, &k 10
min, FFHTA 1:1000 ILFEHTH [gG-HRP, = iR ik
KR 1 h, IXTBST ZE%E 5 min,3 X, ECL A E (4
W%, I Image J A0,
1.4 ZHiIrEHZE

K HH IBM SPSS 21. 0 e i+ 442517 5 4
XA B8 2 18] L 35 R FH 5 R 3R 5 25 43 BT ( One-
Way ANOVA) . FTA Euda LLOT- S 8« bR ifE 22 (a0 £s)
TR, HEFHERHBNEEZL(LSD) , FEAR
58 K H Dunnett’ s T3 ¥, B E M KUER o = 0.
05, P<0.05 hZEFBEAGIEE X,

2 HR

2.1 —fER

TESh ) 35 9, Control 2H K BT KL EE,
B ROKEIEE, A, HH G 8BS R
Model 44K B A 55 2 JHF 4R, 1 B[R R R 1 B 5

A -+ 4 PR e GRTRAL == AN AT 4
Control group Model group Am group BJF group
WA 3 2 M BT+ RS B A2
PIO group BJF+PIO group

01234567891011121314151617181920
I 1) /&l

Time/week

BB TG B SR LA 4~ 8
Model 41K BB & A8 T0G B R pi A, 1 8Lk o
WA AR SR H B T B S
AT SRS AR R 9 R 4h 2hiRYT R, B RAE RS
DL—sE TR BE 1Y 22 i AN el 3t . BT H b DL BIF ZH
BJF+P10 ZH k35 i %

WA E] Model 20 K BRALFET- 3 H, 5 8
JABET: 2 B TR 5 s BT, D Bk
APIRG 5 14 BT 1 B UROR S, 20 TR ;
PRI DLt I RE B Ak s B R R L 5 9 S
Am HRFRIET: 1 2 IE B BRSBTS, f i) v]
DU BE S, BT /NI A, 26 20 JEEROM B, PIO 40
FET 1 PRI i e S R R 2ot it T B
2.2 EETH

5 Control ZH K FAH L, Model 2H K R4 8 B L
R LTS EMKE hEE; A% 7 FkE,
Model 2H K BUA T Control 2H B I8 %% ( P<0.05) .
F 45 12 JE# , BJF . BJF+P10 Fl Am 2H K B F 4%
Model 41 ' 4 i1 ( P<0. 05, P<0.01) , Hd DL BJF +
PIO 2L N B3 (P<0.01) , A% 17 JiiE PIO 44K
AT AL Model 2B R34 (P<0.05) , W 1,
2.3 FhThEEZT{L

5 Control A I, %5 8 J& Model 01 VT &
FEAR(P<0.01) 55 20 J&], % JH25 20 P L) BIF 41 BJF
+P10 A Am 4 KB VT 3 Model 4 8 255 ( P<
0.05,P<0.01) , ‘5 Control ZHAHL, % 8 J& Model 21
i) PEF R EFEAR (P<0.01) 55 20 Jil, %5 25 40
BJF 2 BJF+PIO £HFll Am 20 K PEF # Model £H

B
600

400

A AR 0~20 FIRTEI K B4 20 AR AR RUATR T 528 AL, ™ P<0. 01; SHERIZIA L, ¥ P<0. 05,
B AARBUAEAZ(g,x2s)
Note. A, Body weight growth trend of rats in each group from 0~20 weeks. B, Body weight of rats in each group at week 20. Compared with Control group,
** P<0.01. Compared with Model group, *P<0. 05.
Figure 1 Changes of body weight in each group
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B THE (P<0.01) 1M PIO 205 Model 417G &k
Z5(P>0.05)

5 Control 41 %52, %5 8 J& Model 21 /) EF50
EREIK(P<0.01) , % N HZ A5 Control 412 [H] TG
WEMEZER(P>0.05), 5520 J&, BJF 41 BJF+PIO
ZHF0 Am 20 K Bl EF50 # Model 4H % T+ (P <
0.05,P<0.01) ,1fi P10 415 Model 417G i P22 7
(P>0.05), W2,

2.4 PHALRKRETL

FHEEE T WA Control 2H K BT 25 #5249 R,
TE JE BRI IC 5% 1 4 LR TG I v i R A il NS
EEEFIE R . Model 2H K Ui 1 AT U Jii 76 [a] Jo L
Rl S A R B 1Y A M 20 B IR 31 350 4 it o
I 201 fl AP U A E IR, 5
Model 20K EUAH H, 45 25 4L 25 9096 97 )5 3 v AT

TR R A3 it 6 R %) U 284 LA B 28 24 I B A 3R, ek e <
SE PRI MR, DL BIF 415 Am 4 g8
JohEIE, WK 2,
2.5 BRIUSLANRET

B T WL Control 2H K FRALET 2 2 ] HE 51 4%
FF 4R 4E T 2 45 5 6 2L, LA B A BT g £ 3 —
Model 2 I BRUBE DY Sk LS BH45 50 5 7 B s JUL UL 2T 24
22 1] {4 ) B T 389 5 T 4 S 40 30 25 A R Y
JULAH M A BT G B AN 341 25 209697 J5 4% A1 3 AT AR TA)
FREE OO R B AR Ak, o DL BIF A B3,
UL 3,
2.6 RRMUSLAL4E 4 B IRS-1, Leptin, PGC-1a 0
PI3K mRNA Ri£&ZE

ZEL L3 3 MK 4,5 Control 2H FL3K, Model 2H
HIIRS-1 ., PGC-1a FIPI3KmRNA [ % i5 K F B &

T2 HZHKE VT .PEF Ml EF50 284k (mL, %+s,n=6)
Table 2 VT, PEF and EF50 changes of rats in each group

b er ez FRWAL AR MR FhIVELAR -+

Indicator Control group Model group Am group BJF group PIO group M SR
BJF+PIO group

Week (0) 1. 67+0. 09 1.73£0. 11 1.76+0. 08 1.75+0. 12 1. 680. 10 1. 6620. 08

VT Week (8) 1.77+0. 10 1.68+0.09 ™ 1.64+0. 11 1. 67+0. 07 1. 64£0. 09 1. 63+0. 07
Week (20) 1. 82+0. 06 1.5420.10™ 1. 69+0. 07" 1.70+0. 11* 1. 630. 0844 1. 66=0. 06"

Week (0) 16.22+0. 77 15. 98=0. 69 16. 18x1. 02 16.1120. 92 16.36=1.22 15. 88=0. 60

PEF Week (8) 16. 89+0. 71 13.14+0.83*  13.4320.92 13.26+0. 97 13.63+1. 07 13.12=0. 88
Week (20) 17. 12+0. 92 11.43+0.88*  14.2320.56™  13.34+0.76"  14.30£0.91% 14.22+0. 93"

Week (0) 1.46+0. 16 1.38+0.07 1.390. 08 1.340. 82 1.37£0. 11 1.330. 11

EF50 Week (8) 1.52+0. 09 1.16+0. 08 ** 1.21+0. 10 1. 18+0. 08 1. 1420. 07 1. 11%0. 05
Week (20) 1. 57+0. 07 1.07+0. 06 1.35+0. 06" 1.31+0. 10" 1.16+0. 05% 1.32+0. 10"

TS24, P<0.01; SEEIGAML, *P<0.05, ™ P<0.01; 5%l e AR L, *P<0.05, **P<0.01,
Note. Compared with Control group, ™ P<0.01. Compared with Model group, *P<0.05, ™P<0.01. Compared with BJF group, “P<0.05, **P<0.01.
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Figure 2 Lung pathology (HE)
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Figure 3 Quadriceps muscle pathology ( HE)

R 3 IRS-1/PI3K f& 5 flIAHICHE Y mRNA IR IAAEAL (xs)
Table 3 Changes of mRNA expression of genes related to IRS-1/PI3K signaling axis

2051 Groups IRS1 Leptin PGC-1a PI3K
25 19 4H Control group 1.000. 15 1. 000. 14 1.000. 16 1. 00+0. 16
HERIZE Model group 0.29+0. 03 * 5.53+0.40 " 0.38+0. 03 * 0. 16+0. 04 ™
FARAL Am group 0. 36+0. 05 3. 85+0. 50" 0.46+0. 05 0.38+0. 05"
Mt RG240 BIF group 0. 71£0. 040 1. 64x0. 06 "0 0. 96+0. 08"0 0.90+0. 13"50
A% SN ZL P10 group 0.53+0. 0504 3.09£0. 26*0HAA 0.36+0. 034 0.26+0. 044
AR « WA B4 0.91x0, 03#H0AsAA 1. 940, 14044 0. 730, 05*0HAAA 0. 680, 07H#EIDAAAA

BJF+PIO group
52 FULL, ©P<0.05, ™ P<0.01; SEUBALMILL, *P<0. 01; SHMGHEI T 4LALL, ©P<0.05, *P<0.01; SuLHFIRALA L, 44 P<
0.01; FEAEBALMILL, ©P<0.05, 2 P<0.01,
Note. Compared with Control group, * P<0.05, ** P<0.01. Compared with Model group, *P<0.01. Compared with BJF group, *P<0.05, **P<
0.01. Compared with PIO group, 4% P<0.01. Compared with Am group, ~P<0.05, “F P<0.01.
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TG HAMEL, * P<0.05; S, *P<0.05; SAMlrfdm 5 4IAH L, *P<0.05, **P<0.01; SMAEFIRLAIAHIL, 44 P<0.01; 5
HFEMAAML, PDP<0.05, PUP<0.01,

B4 440 COPD KB DUk JLZH 4T IRS-1, Leptin . PGC-1a Fl PI3K mRNA 761k HUER (7+s)
Note. Compared with Control group, *P<0.05. Compared with Model group, *P<0.05. Compared with BJF group, “*P<0.05, **P<0.01.
Compared with PIO group, A4pc0.01. Compared with Am group, Bp<0.05, P P<0.01.
Figure 4 Comparison of IRS-1, Leptin, PGC-1a and PI3K mRNA expression in quadriceps muscle of COPD rats in each group
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FQHE&(P<0. 05) ,Leptin mRNA AY 2 3R K- I 5 1 =
(P<0.01) ; 5 Model 4 L% ,4 N34 Leptin
mRNA (387K -1 8 E B (P<0.01) , BJF . PIO
H1 BJF+PIO 41 IRS1 mRNA 1335 7K -1 i 35 4 25
(P<0.05,P<0.01); BJF #l BJF+PIO 241 PGC-la
mRNA )35 7K 48 Model 41 53 T+ (P<0.01) ;
BJF BJF+PIO 1 Am 41 PI3K mRNA [k /K P-4
Model 41 {2 4 55 (P<0.01) ,

x4

2.7 B3 ALLE A F PGC-la, TFAM, IRS-1,
PI3K.p-AKT X Leptin X EAMNRIET

ZER LR 4 F1F 5,5 Control 4H 3%, Model 4H
DUk AILLH 4L PGC-1a  IRS-1,PI3K 25 11 £ 35K
- 5 R (P<0. 01) | Leptin 25 [ R Bk T 5%
W (P<0.01), 5 Model 41 kb4, BJF 4 PGC-la
HH AR IRKF 251 w5 (P<0. 05) , HAb#45R 97 241
PGC-la 2 AR IR 44 N R FE B2 TH v, HL G B 2 1k

KDY Sk WLZHZR PGC-1ae TFAM . Leptin . IRS-1 PI3K 1 p-AKT 7K [ 335784k (x4s)

Table 4 Protein expression changes of PGC-1a, TFAM, Leptin,IRS-1,PI3K and p-AKT in quadriceps muscle of rats

ZH 51 Groups PGC-la TFAM Leptin IRS-1 PI3K p-AKT
25 94 Control group 0. 67+0. 29 0. 62+0. 30 0. 36+0. 09 0.57+0. 21 1.1320.25 1.75+1.38
FH12H Model group 0.18+0.07™  0.17+0.08 1.18£0.32%  0.12£0.05™  0.19+0.04 " 0. 62+0. 50
FAA Am group 0.49+0. 19 0.42=+0. 19 0. 87=0. 21 0. 15+0. 06 0. 80+0. 13** 1. 01x0. 84
HMii {97 2H BIF group 0. 60+0. 21* 0.510. 15 0.46+0. 12"5  0.50+0. 21" 0.95+0. 12* 1.3220. 98
A% S 4L PTO group 0.24%0. 09% 0.22+0.07 0.69+0. 17 0.38+0. 15 0. 44+0. 08744 0.73£0. 50
AR 7 + AR 7| 0. 4920. 20 0. 44+0.25 0.6220. 13"  0.58+0. 16" 0.94+0. 20*44 1.05+0. 78

BJF+PIO group

T S FMIEL, ™ P<0.01; SHBUMAIAIE, *P<0.05, ¥ P<0.01; SAMMHE N AMIEL, *P<0.05, *4P<0.01; SuLigSIFIAIAI L, 44 P<

0.01; 5EZmaM L, PP<0.05, PP P<0.01,

Note. Compared with Control group, ** P<0.01. Compared with Model group, *P<0.05, #P<0.01. Compared with BJF group, “*P<0.05, **P<
0.01. Compared with PIO group, 4% P<0.01. Compared with Am group, B p<0.05, PP P<0.01.
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. 525 AL, " P<0.05, ™ P<0.01; 525 AL, ¥ P<0. 05, % P<0. 01 ; 5HMtifI 77 2040 1L, * P<0. 05,22 P<0. 01 ; 5 MHA% 51 TR 25 AH

He, 44 P<0. 01; SEZEHALH 7 P<0. 05.

B 5 COPD KEUMBIUL WL Leptin TFAM . PGC-1a . p-AKT PI3K FI IRS-1 25 [ FI 35 LLAR (s)
Note. Compared with Control group, * P<0.05, ** P<0.01. Compared with Model group, *P<0. 05, *P<0.01. Compared with BJF group, *P<
0.05, 24P<0.01. Compared with PIO group, ALpco.01. Compared with Am group, B P<0. 05.
Figure 5 Expression of Leptin, TFAM, PGC-1a, p-AKT, PI3K and IRS-1 in the quadriceps muscle of COPD rats



o H A PR A 275 2024 4F 3 A5 34 #4553 ] Chin J Comp Med, March 2024, Vol. 34,No. 3 65

%5 (P>0.05), BJF+PIO0 5 BJF 4 IRS-1 & 1%
IKZKAF-EE Model 21 5 231 15 (P<0. 05, P<0.01) , H:
MAIGIT AL IRS-1 R AR IBAKPFA TS AT
WEMEE R (P>0.05), Am,BJF 1 BJF +PIO 4
PI3K 4 1 1Y 3K 7K F- 3 Model 4 1 4 & (P <
0.01), FL.LL BJF+PI10 203 & dc o i3, P10 41 PI3K
EHMRBEKPAER A, BT EEES (P>
0.05) ., 5 Control 41 L%, Model 41 J8z 4 3k WL4H 41
T TFAM \p-AKT & 2547 W 0 () T B3, %436
J72H TFAM | p-AKT 2 H R B ¥A AR E NI =
R AT R E M2 R (P>0.05)

3 it
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LRRLURIE [H (1 R KK I SRR A o A=
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PGC-la 5 TFAM FH AR F1 K54S Control 2H 1
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5 TFAM JEH IR [ 3635, $E 75 £ it {5 7 e % 38
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INERTR KA BERR AL, AT TRS-1 s 22 R 1) i 1R
1k, ARNEEEGE PI3K, T8 Glutd 1935 M, S EWUALL
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