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Inhibiting activation of ERK1/2 pathway improves atrial fibrosis and connexin40 remodeling in rats
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[Abstract] Objective To investigate the effects of extracellular signal-regulated kinase 1/2(ERK1/2) pathway inhibitor
U0126 on isopreterenol(ISO)-induced atrial fibrosis and connexin 40 (Cx40) remodeling in rats. Methods Thirty-two male SD
rats were evenly randomized into control group, DMSO group, ISO (5 mg/[ kg « d]) +DMSO group (fibrosis group) , and 1SO
(5 mg/[kg » d])+U0126 (0.5 mg/[kg « d]) +DMSO group (U0126-treated group ). The corresponding reagents were given
to each group once a day and the rats were killed and the myocardial tissues were collected after 7 d. The Ang Il contents in the
myocardial tissues were measured by radioimmunoassay; H-E staining and Masson staining were applied to measure the degree
of atrial fibrosis; p-MEK1/2, p-ERK1/2, and Cx40 were detected by immunohistochemistry method. Results (1) The
contents of Angll were similar between control group ([242.133+4. 870] ng/L) and DMSO ([[239.412+1.795] ng/L) group
(P>0.05). Compared with the above two groups, Angll contents in fibrosis group ([500. 250+ 8. 869 ] ng/L)and U0126-
treated group([498. 695+9. 340 ng/L) were significantly increased (P all<C0.01). (2) Control group and DMSO group had no

atrial fibrosis; the degree of atrial fibrosis in U0126-treated group was significantly lower than that in the fibrosis group(P<C
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0.01). (3) p-MEK1/2 and p-ERK1/2 expressions were similar in control group and DMSO group (P>>0. 05), and those in the
fibrosis group were significantly increased compared with control group and DMSO group(P<C0. 01) ; the expression in U0126-
treated group was similar to those in the control group and DMSO group(P>>0. 05), and was significantly decreased compared
with the fibrosis group(P<C0.01). (4) The contents of Cx40 were similar between control group and DMSO group (P>>0. 05),
and Cx40 was distributed in myocardial cell intercalated disc in a linear manner. The content of Cx40 was significantly reduced
(P<C0.01) in the fibrosis group compared with the control group and DMSO group, with Cx40 distributed in disorder. The
content of Cx40 in U0126-treated group was similar to that in the control group and DMSO group(P>>0. 05) and most of the
Cx40 was linearly distributed in myocardial cell intercalated disc. Meanwhile, the reduce degree of Cx40 content in U0126-
treated group was significantly decreased than that in the fibrosis group(P<C0. 01), and some Cx40 was linearly distributed in
Long-term Ang [[ elevation in myocardium may be involved in atrial fibrosis and

myocardial cell intercalated disc. Conclusion

Cx40 remodeling, and U0126 can efficiently improve atrial fibrosis and Cx40 remodeling by inhibiting the activation of ERK1/2

pathway.
[Key words |

> b5 B 3l Cauricular fibrillation, AF) & IIff IR 5%
W OHEREZ — R, AXMERKRI
(angiotensin [[ , Ang Il )5 AF M A B & m HL#
WA, AF RAER, OILHS T Ang [l & &
e PO R B O R ENEZRH KN
R, BEAE X AF LIS A BR AL & B0 By
25 B A4 (structural remodeling, SR) , J& H &0 B
21 AL AL L4 B 3% 42 5 1 (connexin, Cx) 54 7£
AF W REME R E TEEZAERY, 0%
THE A O WL 1Y BF 58 vh 3, 0 B £F 4E 1B L Cx40
UL DR 5O AS T Ang [ &8 FH
K Ang B S G & AMBE Ang 1 89 1
R Z A CATIRAHZS A, 2O 22 2400 16 28 H
fiti % W& (MAPKs) " (¥ 40 Jg b {5 5 o8 47 8% il
(extracellular signal-regulated kinase, ERK) i&
B G —RIVMMENE 2= 0E S 4% X5 S
A Z2 Tl A LA ) 2 SO0 A0 A F ST ERK & AR
BCIE RO A Ang I1 B5 &0 5 AR 4L R Cx A
AT REMLI 2 —0%) 22 ZLTR00E fb 28 B RS 1/2
(MEK1/2)ff: 4 ERK i #% 1 5 8 # i ERK1/2 #)
RN T R i I P Y B A YL I a8 o DA
MEK1/2 Sy #8 g, 0 i) H @l iR £k 3 1 #0 ) ERK1/2
M BETR AL . Joc 26 ] BE A . B3 £ 4EfL A1 Cx40 H A,
HET X 77l A e M A2 0, AR S %
Zhang S5 J7 3R R R R e N BE ' EIR R
(isopreterenol, ISO) 7 T 1 #1175 5 7= A= K B0 5 £F
AEAL BT AL, AR K P B0 20 4R 3 MEK1/2 10 4 57
U0126 X Ang [T 75 & 1.0 B3 £F 44 B Cx40 1Y

S

atrial fibrillation; fibrosis; connexin 40 remodeling; MEK1/2; ERK1/2

[Acad J Sec Mil Med Univ,2012,33(3):259-264 |

1 MBI E

1.1 hmrmrgRds KIRFEN180+20)
g % 32 HL SPF 2l SD K B F H it 4 B 2%
Bt 52 56 2l W) vl s SE 88 B W AR PP AT IE S . SCXK
(H) 2011-0001., ff A ¥F 7T 3E 5 . SYXK (%) 2009-
022 JBEHLAE 4 B 4 4 . 25 FUA IR . DMSO 41 ,1SO+
DMSO £ (#5581 20 ) A1 1ISO+ U0126 + DMSO 4 (F
T, BRI T B4 K B 5 me/kg 7R & 16
W FES 1ISOM A Ll RFERAARAF.1
Ww/d, FTWHF ISO HE 4 30 min /5% 0. 5 mg/kg
A ek S U0126[ 1 A 28 [ Sigma 23w L i
FHBIE i T DMSO ( 1 38 = RAEWHE R AR A
A ] 1 WK/ d B2 [R) B R e Ik S T TR A
1) DMSO, %5 FF B2 K BRI K iR i ik 23 )
T 55 A AR 2H R T 2H A ) AR BER K . DMSO 41
JE R B R T S 5 R R A A i A R K (R B
Jok 5 T 4 45 5 ) DMSO,

1.2 MAREARLAE 4HKREEMER 7 dFEH
HERE AL BE W0 W 568 R T A R B AR B 0T R RO
JUE L B By 44U T 10 00 F R VW v T L 6 A B A
HUS DI HGESE YA 5 5K BESKIR 4 pm, Hop 2 3K
Sy H-E 44 4 F Masson 44 6 WL55.0 b7 £ 440 72
L IF LU R A TR B (CVEE 0 B 45 di Ak 6 45
Mi 73 4h 3 5K F G928 20 4k 3 3 5 R U p-MEK1/2., p-
ERK1/2 K Cx40 7 &, I X5 H 45 R AfF o & 50 17,
T 2% o0 W 2H 236 N VR AT T WCAURE T DR AT, T TS
B PE AL Ang [T & 5t

1.3 KA SMALP Ang [ 402 BUR AR



55 3 1. ER R A M ERKL/2 38 B8O 0 K UG b 27 e A Fidg e 1 40 A * 261 -

AL D LA 45 100 mg, B 38 2 0% 3% 00 47 0F 5%
FEIm A 2 ml 0. 01 mol/L #% & & 2% v & (PBS,
pH 7. ) F 2 BHEEHD I3 (10 1] 0. 32 mol/L % 5
PIEE .20 pl 0. 34 mol/L 8-FFEEmsMkER R ER) . 551 J5
BHELOHLP DL 2 148X g B0 5 min, B HK
S8R G (W A A s b 5 A B AR 5 BT ) T
Ang [ ¥ & (ng/L)

1.4 % # HE # & Masson KR % &% CVF
it DA RY) B IE T W 2R R EE 2 R
Wit =K ARG YL 4 5 min; KR UE; 10 BB O
it 3R 3 A 5 A K R Bk 5 02 3 VR R EORD s i K vk
KK T H-E 4% {0 F1 Masson 40, a8 T WL 5
. Bk Masson B (U] ik B 3 AN JC I A BB (X
400) , >k A Image-Pro plus 6. 0 F1& A #4117 K
%o, iDL CVE, CVF (%) = i JF i AL/ 4
PR AL X 100 %,

1.5 % & a4k m p-MEK1/2,p-ERK1/2 vA &
Cxd0 94 % HONHALY R ETF 60°CER T 30
min, URAT 2 H 2R 5 80 B 2 B 0 28 K 5 2RI K o
Bt 2 min X 3 UG HUEME R s 78 MK 0Bk 3 min X3 ¥K;
3% H,O, E M E 10 min; PBS M 3 min X3 IK;
L2 5 1 P S = IR E 15 mins 30 1 2 150 %t
B—PL TR (4> %4 p-MEK1/2 5 p-ERK1/2 £
SEREDUAR L B Cx40 B, W B AL 5t AR AR Yy HoR
FRRAFDITCHEF 2 h; PBS W¥E 3 min X3 W ; M
AR P TAER (W A J B R A Y AR H R
NEDJETF 37T°CIRAMEE 15 min; PBS P& 3 min X 3
W IMA ABC E G2 KW PiR)fE 37°C IR E
15 min; PBS ¥ 3 min X 3 ;£ T~ DAB &1 6
min; HRK T4k Y K B0 B A, Bk
Y1 A BE ML B 3 A TC I8 R0 B (< 400) , T 5E B4
PREF T BEPE ) 5T 9 7 016 %5 BE (D i) FIHT BI-2000
B2 2 M 03 B 3 S8 ORCER 2% BE BT BR 2w 6 O
SR R BT

1.6 %t WA SPSS 17. 0 k11403t
IR AT BG4 R DL = s Fow, AL HE R A
BRI Z AN W A LSD 3. IR H Pear-
HEATAH EAE BT K2 35 7K F () 24 0. 05,

son R
2 # R

2.1 KA maAaLry Ang [0 HRE
7N A AN IRAA (242, 133+4. 870) ng/L]5 DMSO
ZH[(239.41241.795) ng/LIH Angll & 2% K

Geitaf s SO, AR 40 [ (500. 250+ 8. 869) ng/L]Al
F L[ (498. 695+9. 340) ng/L] BY Ang Il &% 4
2N R4S DMSO A . ER AR E X
(P #<20.01),

2.2 BAKASIPL AR ER CVF

2.2.1 HEZ&ZF HEREGLETFITLEA
R 5 DMSO 2H .0 WLZH 2L 48 A A% 2 06 65 . 20 A
|G| S 4 N o S R Y N U EA R
ELC L4 A 18] BB 40 R A% OE 47 DL Kt JILZH 21 [R) B
LFYEHED R, O AT b R B (B 1A 1B), BRI
A FZH O JUL2H 2 0] 5T 18 4 ¥ 38 22 HL 48 A ) R
9 vE BT T2 A M A GE AT O LA 2 0R) BT 2 43 &
23 A % () S5 2T 4 HE 51 AS B0 0] A R A A A 4] Y —
EFEEE R (K 1C.1D)

2.2.2 Masson $ 8 4 R fr CVF  Masson 40,45 1
WL TE~1H, J658 T Al UL IE & 0 WILZ 2 a) 5 i g
SrEs A USRS YY) | 20 M 5T, O WLEF 4 R0 21 240 i
B MM EEG, 4R BN S AN EALCVE
(9. 810 £ 0. 352) % ] 5 DMSO 41 [ CVF (10. 080 =+
0. 254) Y6 1760 i £F 4E Ak, L 1 T 02 O s 2F 2 A0 R B 4
PRI ZH U 55 [ CVF (10. 465 +0. 789) % vs (82. 798 +
1.730) % ,P<<0.01],

2.3 RAEMALLEEER

2.3.1 KBRS M4 M+ p-MEK1/2 1 p-ERK1/2
Wa ' Ak R K 2, JeEE N eI

IEH DU p-MEK1 /2, p-ERK1/2 ¥ 504i F L
WLAnf b, B (o AR B (0, KW H 2 &
AT AR (B 3) WoR 2 A X IR 45 DMSO 41 1 2%
SRS R X B AL 028 % IR AL . DMSO 413
B, 2R AR FE (P H<0.0D); THHSZ
FIX R A DMSO 4 b 22 5 g1 2 L. 5
REALZ LA 22 A Se 22 3 L (P<<0. 01),

2.3.2 AKBRNMAHF Cx40 2 EX2H EET
AT DL IE 0 LAY Cxa0 BHE Yo £ 5 A 88 €0 00K
AR T WLAH M T AL AL (B 2) . gl feik
Pt (B 2) S it o i (B ) 25 R R . 25 [ X IR
HE5DMSO 4 Cx40 ST HEERLRITFE X H
M AT T 0 LA A T 84 s BERLZH rf Cx40 5 8
B EAX R4S DMSO ¥k (P ¥1<< 0.01), A
I3 AT TCAAREE s T F2H 5 25 6 R ZH A DMSO 4 Lt
WES TG 0, B a 240 10 L4
M PR AL, P Cx40 & B f /0 B2 3 A B 70 2] )i
55 (P<<0.01),



o 262 - B OFEEKF¥M 2012483 AL 33 6

B 1 2DALERFEE H-E 8 (A~D)F Masson & (E~H) 4R
Fig 1 Degree of myocardial fibrosis by H-E staining (A-D) and Masson staining(E-H)
ALE: Control group; B,F: DMSO group; C.G: Fibrosis group; D,H: U0126-treated group. The green segments represent the collagen in my-

ocardial stroma. Original magnification: X400

B2 EHXROCUNAMEEACLEEER
Fig 2 Immunohistochemistry staining of myocardial cells in rats
ALE,I: Control group; B,F,J: DMSO group; C,G,K: Fibrosis group; D,H,L; U0126-treated group. A-D: p-MEK1/2(Claybank spots); E-
H. p-ERK1/2(Claybank spots); I-L.; Cx40(Claybank spots). Normally, Cx40 was linearly distributed in myocardial cell intercalated disc. The

Cx40 distribution in L is similar to the distribution in I and J, and most of them were linearly distributed in myocardial cell intercalated disc. O-

riginal magnification: X400
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Fig 3 Semi-quantitative analysis of p-MEK1/2,
p-ERK1/2, and Cx40 in rat myocardial cells
** P<20.01 vs fibrosis group; n=8, r+s
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