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E  KIIP38HERKIE 5@ AR MAKAZH = AMLsk ) B8 ILA © F e94E A . Z AR
FrE A R B FIREAE Z BMEA N, BIRE9%~11%, = BACHK IR E 5%~6%, R80T, H 6
R, 4R A2 RARE; WRF R ICT, & R R KR L HY; AR B B LR AL AR Fe iR A Cyt C
FaAIF4&; #M Bad mRNA. Bcl-xI mRNA. p-P38%& & 5p-ERKE & #9 & ik, 4R DT, A8
RARET AR, BRI Yo iy 5L, I8 it AR, AR 43030, W HES| 8L, KAk A Cyt C. AIF4-
FIEIK, IR A Cyt C. AIFEEH &; Bad mRNAR LI % | W Bcl-xl mRNAF ARV ; p-P38%& A 5
p-ERK&E @ £ k3 % . HAk, KA S 8 F 5 805 % ALA T, T4 5 8EP38 5 ERKAZ
518 3%, WLt BadiE 1, 37 H|Bel-xI7E 4L, AmAL#Cyt C. ATFER B R, RAFRATAH X.

KA T R AR /N R B ESL; p-P38; p-ERK

The Role of P38 & ERK in Apoptosis of Skeletal Muscle of
Chronic Hypoxia-hypercapnia Mice

Song Jing, Li Jun, Min Jingjing, Jin Lu, Wang Xiaotong*
(Center of Neurology and Rehabilitation, the Second Affiliated Hospital of
Wenzhou Medical College, Wenzhou, 325000, China)

Abstract To investigate the role of P38 and ERK in apoptosis of skeletal muscle of chronic hypoxia-
hypercapnia mice. The hypoxia hypercapnia group mice were placed in a sealed chamber, where O, concentration
maintained at 9%~11%, and CO, concentration maintained at 5%~6%, for 8 hours a day, 6 days a week, 4 weeks.
The weight of mice was weighted. The cell morphology and the mitochondrial structure of skeletal muscle were ob-
served. The content of Cytochrome C and apoptosis-inducing factor in the mitochondria and in the cytoplasm was
determined. The expression of Bad mRNA, Bcl-xI mRNA, p-P38 protein and p-ERK protein was detected. The re-
sults showed that the HH group mice had lost weight. There was fibers fracture and fat deposition in the HH group
mice. The mitochondrial membrane was partially destroyed, and the cristae was disorganized. The content of Cyt C
and AIF in the mitochondria was reduced, while the content of Cyt C and AIF in the cytoplasm was increased. The
expression of Bad mRNA was increased, while the expresson of Bcl-xI mRNA was decreased. The expression of
p-P38 protein and p-ERK protein was increased. Thus, apoptosis of skeletal muscle of mice was induced by chronic
hypoxic hypercapnia. P38 and ERK signaling pathway might be in the process of apoptosis, by activating the Bad,
inhibiting the Bcl-xI and promoting Cyt C and AIF releasing into the cytoplasm.

Key words  apoptosis; hypoxia; hypercapnia; mouse; skeletal muscle; p-P38; p-ERK
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P P BH ZE 1E Jiili %€ 995 (chronic obstructive pulmo-
nary disease, COPD)& — /< it 52 PR A "5 11k 11 i 38
PR, T RA W1, BT K. s
WHOHH 7%, 7E20014ECOPD L § BUFE T 1) 5 F K X
=, 20209 K o B TF R ORI R, g R B ZE 1
IV 9 995 e — Pl X i BREIR 4507 AR A7 THD 5 e (1) 50, 8
7318 1 BHLZE 1 Bl s S8 LR BB B UL DD RE B RS, 4
WU TR WU 5T B, [N AEA ILET dE 2240, 4T
YES R AR, IS Wi A 35 iR, B A 5 e A A N
). FRATHTABE T ORI, 708 AR A =y — A ik
ZAEF, AN RE BRSNS, TR AR, R
SR F 1 AR A s — Ak Sh W B L. COPD
(K5 i A, SR T /ECOPDY | i i JULZE 4 11
YR e v] Be bl o

1 MRIEREE
1.1 KR HHE

% AESPFZ e PECSTBL/6 /)N F32 W (1 1 i 37 3
AR, SCXK(I7)2007-2005), A H20~25 g, Bk
b, R BENLEC R0 240 1 %) I ZH (normal
control group, NC)(n=16)F1i&E 20, RIS =y S fbhx
2 (hypoxia hypercapnia group, HH)(n=16).
1.2 NEH5ERE

S S E ARE LR . KD-TS3AR B 41 48
A3 KHL. KD-BMIIHL i A=) 20 2R3N, KD-
BLITHE M LA % &« H-6007 3% B FL8E. Olympus
i Denley Dragon Wellscan MK 3/ #11X . Well-
wash 4 MK2JERHL. LithtCycler480SEZ I i& FPCRAY .
1.3 fEBVEAT

Z: MR A 21 48 SO S 30 AT TR A T IR AR R AR
s S Py, HHAL S TG4 = A e (0,
WRE N 9.0%~11.0%, COMIE 45.0%~6.0%), K8 h,
FEE6R, Ja i, Hoaxmtfa] SNCALLE R — = P (Eild
20~23 °C, AN 50%~70%), NCHLAE GG 7 15 K
IR, AR AAT 2 A [F]
14 REN=E

DA %S 4 3 A5 T — R 16: 001 7] 25 FR 2 1) fR
IERERTR TR, $% BRIk R4S, DAE 24 i
PR T 16: 00 [i) AP St 0 4 T by Je A i A o, e
Ja TSN AR E 2
1.5 B EEANEL B4

IR W T, FH10%7K G U HE s 3 S5 JRR TR /)

B, AP R s, IR A3 B, A A P 0 B AL, 240
rh -8 H /N BP0 s A MU LB A, s S v
BEWLEE/IN B S LS R AR S5 1), 470 H] T ELISAKS
DN R A4 i 2% 41 i £4 25 C(Cytochrome C, Cyt C)Fll
#1755 X -F(apoptosis-inducing factor, AIF), 4~
H8IUNE, Ao AN LES W A8 1R Ja TIN-80 °C
VKFRAT, H T Real-time PCRASIN, A 0 JBE A MM LA
4%% 5 H S 2, H T-HEG (00 825 # L & H0
Fa g2 A AT o
1.6 EEVZRIIK

R 2 s A2 A 77 5 U W, R T A WL e
VEVHITES L B0 3F BIE W, DUVEDI INBSA/AML, =¥
WE B PR WE IMCH. B FUTHE.
¥ EIEHAE 2 mLFE T, S0 BOH BRI
), UITEP Ve, B0 7 BiE W, 19314k
FARDTTE, ZEDCTE R INAN200 w2 R A4 4 3 ol
R BM -
1.7 EHBEY RIS FFMER

PRI R A, Lh2.5% 8 — I FLBE % FH T o v
5E2 h, PBS ZEfrt e 1R, 198K )5 8 5E 60 min,
AT R ZK 57 AL D) BRI A (L. H-600
AUES B E T B L RAR T A o
1.8 SRR EHI &R R

HRZA% 2 PR E, HERMAK. EW. A
IS, 5 umt) . HEGL (D) 1 R — ORIt e,
LKW LRERIKYE, R ZE G0 min, U1 %R R
Ko 4k3 s, WK IPEIR #25 min, 0.5%H21 44130 s,
ATHIBA . B . wpedih: U1 ks, 2595 4
M 2 KUk, mHAB A, KOS PR, (= I ),
hn—t, T8, L, n 4T, DABR. 1, 17H LB K
. f%Ja HOlympus B0 U440 Ao
1.9 ELISAEZRhI{AFARELZ A Cyt CFIAIFE =

BCA [ 7€ FEVERT I A0 AR 5 A ) o
5, LR MR N B/ IME4 mg/mL, FHER AR Bt A
MR AFRE 24 mg/mL, H1% P HGR/MES mg/mL, H
PBSHEF MR AR 2S5 mg/mL. 2 B 445D
BR, W HRAX_E450 nmip KA 5L )OG5 JE AR (DAR) -
FH Ascent software for Multiskan73 1 # £, LAD{E 4 9\
ARFR, FRUE S L AR AR BRZ: AR E Hh 2, AR R A
(I DAEAEARAE 2 3z AR b il 42 Jo )
1.10 Real-time PCR#&MBad. Bcl-xl mRNARIFRIE

J Trizolh$ EimRNA, #2251 uL RNAFE S, K
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LAy 6 BRI SERNAGE JE, 5K EUAE 7E1.8~2.0
Z Al AR 0 A SR R U W P R AR, AT 10T
ko Badi W% Fif: 5-TTG AGC CGA GTG AGC
AGG AA-3', Fiif: 5'-CCC GCT GGG TAC GAA CTG
T-3'; Bel-xI5| ¥ )7 %) 1 3ifi: 5-GAG AGA GGC AGG
CGA TGA TGA GT-3', Fifi: 5-GCA TTG TTC CCG
TAG AGA T-3'; K Hlf-actinfE W Z, LiF 510
H: 5-AGA GGG AAA TCG TGC GTG AC-3', T+
#: 5-GAG GTC TTT ACG GAT GTC AAC G-3', J1]
LightCycler 480 PCRAXAL M. CtoA REAN i B P ¢
et 5 BIIA Ve 1 AR BT 8 0 AR A 3R B, i
LightCycler 4804/ & J5 5 5 N ZCtEb A
111 FitED

FHSPSS 2004t v AT 70 #r . BARARIR T
IEAS MY, FHYI B bR 2 eks) 3R 7R, W) LA R
MSTREAATI, /N E AT A IEAS 0,
FHAESHHE, LIP<0.05 4 255G giit 75 X

A NN T RORATY
A e ‘\:!o ,1<B)

Y 4

Rt
9 A q

IDESEORK

PRSI L)
A NFIRAL; B: iR .
A: NC group; B: HH group.

2 %R
2.1 PMRIKE

IE R4S )5, NCHL/R 24 (24.78+0.75) g, HH4L
AT H(20.18+0.54) g, HHAL A FEAL TNCH, fA 2
{2 A gt L (P<0.01, 1),

F1 NCHSHHANRIKERLs, n=16)
Table 1 Weight of NC group and HH group(x+s, n=16)

415 TERRT AT (g) R (g)
Group Before weight(g) After weight(g)
NC group 19.89+0.33 24.78+0.75
HH group 19.74+0.46 20.18+0.54

2.2 BEEANARELE

NCAL/N B UILET 48 225 1E 5 (E11A); HH
AN RUE RSN deHE 7380l R, R4, IR
W UTAR(E1B).
2.3 BRI RIRE

NCHL KAL) 56 2L, A ERE, A7 7E, HE

AL Dt 1|
}."m;,'.’ g‘;‘.’.‘:}gg

ML LGN
ot

7 DCRCIER 7N

E 1 HEZL & BB (200%)
Fig.1 Structure of skeletal muscle detected by HE staining(200%)

(A)

A XTIRAL; B: &4 .
A: NC group; B: HH group.

B2 ZERIREE14(100 000%)
Fig.2 Mitochondria structure(100 000x)
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B FEARFE ST (I 2A); HHAL 20 A4 B35 o0 i IR, 05 HE
HIZEHL, T8 TH K (E2B).

231 BRICHCHEE IR NCYyt CY
NC#H(498.84+63.39) pg/mL, HH41(333.08+61.12) pg/mL,
PR G E R X(P<0.01); ¢ M Cyt CH, NC4L
(412.77+62.10) pg/mL, HHZ1(848.09+69.42) pg/mL, %
S G E R X (P<0.01, E3).

1000 - .

800 [~
=) L
E 600
0
& *
© 400 |
=
Q

O 1 1 1
NC mito HH mito NC cyto HH cyto

*P<0.01, Ly xR 2 b PR N FLA; **P<0.01, LS IRALI R P9 LLA -
*P<0.01 vs NC mitochondrial group, **P<0.01 vs NC cytosolic group.
El3 LARFERACYt CEE
Fig.3 The expression of Cyt C in mitochondrial and
cytosolic

N ATrs
19 ;%’-’

232 FEMAIF 948  BHNIRIRNATFS &,
NCZH(693.67+51.21) ng/mL, HH41(425.83£10.77) ng/mL,
ZERG G E X (P<0.01); B NAIF S, NCA
(493.55+35.92) ng/mL, HH#1(667.72+14.01) ng/mL, %
AT G E R L (P<0.01, Kl4).
2.4 Bad. Bcl-xl mMRNAZ &

ENCZ A H, HH4 [f)Bad mRNA & 5 £ ik, 2
A G FE X(P<0.01), 1fi Bel-xI mRNA RAEZRIX,
ZESA G R L (P<0.01, K2).

800 r
700
600
500
400
300 f
200 |
100 f

k3k

AIF(ng/mL)

L 1 1

NC mito HH mito NC cyto HH cyto
#P<0.01, 5% HEZH LR ok P LA *+#P<0.01, 5550 HEZH gk A LE#R
*P<0.01 vs NC mitochondrial group, **P<0.01 vs NC cytosolic group.
El4 ZRAFRENAIFS

Fig.4 The expression of AIF in mitochondrial and cytosolic

x ‘.\ &

AU

A: p-P38XTHRAL; B: p-P38HEMIAL; C: p-ERKXSHE4; D: p-ERKIEMA
A: p-P38 of NC group; B: p-P38 of HH group; C: p-ERK of NC group; D: p-ERK of HH group.
El5 EELENp-P38. p-ERKFEIE(400x)
Fig.5 The expression of p-38 and p-ERK in sketal muscle was detected by immunohistochemisty(400%)
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BRI -

%2 Bad. Bcl-xI nRNARY R IA 8 (s, n=8)
Table 2 The expression of Bad, Bcl-xI mRNA (x+s, n=8)

fibr Nc4l HH4I

Target NC group HH group

Bad 0.022+0.004 0.038+0.009*
Bel-xl 0.028+0.006 0.019+0.003**

*P<0.01, 555 AL EL A, *+P<0.01, S50 AL HL .
*P<0.01 vs NC group, **P<0.01vs NC group.
2.5 BE%ALp-P38. p-ERKEH
ENCZ A Lk, HHA Hp-P38. p-ERKFK L]
B’ s).

3 itig

18 1 L ZE 1 I 5 93 A2 — b 4 B s, Bk T Ml
RIS, il 2 I 01 5% LT e B A5 Bl A 0 )L
SRR ARG B B8 VLI B 252 4 A COPDI) fi
AN R B BINAT T o, HERREIRZ, ik
PTG S8 . RIS ROAERI. 41208
AR R T R A A, (RS BRI 4 - AR 2
MU AR IR 55 B gl AR AU sh AR A L,
ARSI R FH IR s — A B IR S BT, L0 1)
BN ZECOPD 5 FE A= B pi, A 512 5630 3 A6 0
P38 MAPK 5 ERKAF 5 i i 13k — 20 [ B 70 12 PR AR 4
AR AT, TR S EUN RIS T
FEAERNHIZ —,

COPDE# [ #2408 T B e o i AR 8 N B
() BRI ARSI R T, T AT 1 /) Bl Ak R
T 150 2, ISR/ BB B LA 4 HE A 25 L
Wrad, JR A, N biRR I B 4 R e 2 ki AR b
IR, WEHEBZREL, FB T A R A R, ST
Wi IH TR ARy AR A B D B L 4, X T
REJE I8 S AL /D R R BRI RN 2 —. X 53K
ATTPRT T T S50 &5 SR A — 3.

P38/2 tH360 N Z IR IR IELL M B 1, ZFPIA R
WAL R, R 2 R T I REUEP38. 7EF K
LA i, P38 WL AR e A SE R A 4l i oAk
PHTZHTHRE. 2P0 N 2 AR (L UEERK F & B IR 1k, JF
FIHIBel-2. Bel-xI45 il 48 H i 1 2 1 i) 2k, A
TEREE T o ARSI ISR # LT p-P38 . p-ERK
FR I AR, PN E VLR G T .

Bel- 25 05 2 H TR A AR 5 P8 T3 D) AR G I
FEPR, A HE A R A0 M T A R R AN B TR
Bad 5 Bel-xIF J& T ML 5K . RS Bl P vE
R 3 5 N B A E R, Bel-2 5 n] U iR 2 ki 4k

A A Cy T PR MR, e
Caspasel B {255 M T 5 5181, mA&SFEOHTO, K
SE G P MG AR v AR A /S SRR UL Bad
mRNA R IER £ | (i Bel-xI mRNAE ik i /b, 2k ki 4
M Cyt C. AIF & 5 I, SRR M Cyt C. AIF & 5T 5
IXULEN[ g 5p-P38. p-ERKFRIE W] 548 g ¢

Zr BRI, ARSLIGUESE T I A A A i T
FUN R IULE TS, P38 SERKSS Sl S 5 T 1%
To R, & T8 PR A A i A5 il A
MU B B IVLR T, M Rk B )
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