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Effect of Leonurine on p38 MAPK Signaling Pathway and
miRNA-1 in Cardiomyocyte Hypertrophy Induced by Ang II

LU Li-na', LIANG Zhao-wen®, LUO Jian-hua', LI Li', YUAN Lu', YANG Hui', YANG Dong-hua'®
(1. The People’s Hospital of Guizhou Province, Guiyang 550002, China;
2. The Second Affiliated Hospital of Guiyang University of Traditional Chinese Medicine, Guiyang 550003, China)

[ Abstract | Objective: To investigate the inhibitory effect of leonurine on cardiomyocyte hypertrophy
induced by angiotensin II (Ang II) and its effect on p38 mitogen-activated protein kinase (p38 MAPK) signaling
pathway and miRNA-1. Method: Cardiomyocyte hypertrophy was induced by Ang Il (0.1 wmol-L™") in primary
neonatal cardiomyocytes. Experiments were designed in 6 groups as following: normal group, model group, p38
MAPK inhibitor group (SB203580, 10 wmol-L "), low-dose (5 wmol-L "), middle-dose (10 pmol-L™") and

high-dose (20 wmol-L™") group. The cardiomyocyte surface area was measured by image software, and the protein
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contents were detected by Lowry. The concentrations of ANP in the culture supernatant were measured by enzyme-
linked immunosorbent assay ( ELISA). The expression level of miRNA-1 was detected by Real-time fluorescence
quantitative polymerase chain reaction ( Real-time PCR), and the protein expression levels of endothelin-1 (ET-1),
p38 MAPK, p-p38 MAPK, myocyte enhancer factor 2 ( MEF2), B-myosin heavy chain (8-MHC), a-myosin heavy
chain ( -MHC) were detected by Western blot. Result: Compared with normal group, the surface area of
cardiomyocyte, the protein contents, the concentrations of ANP, and the protein expression levels of ET-1, p38
MAPK, p-p38 MAPK, MEF2, 8-MHC in model group were higher (P <0.05), but the protein expression levels of
a-MHC and miRNA-1 were lower than those in normal group (P <0.05). Compared with model group, the surface
area of cardiomyocyte, the protein contents, the concentrations of ANP, and the protein expression levels of ET-1,
p38 MAPK, p-p38 MAPK, MEF2, 3-MHC in high-dose group were lower (P <0.05), but the protein expression
levels of @-MHC and miRNA-1 were higher than those in model group (P < 0.05). Conclusion: Leonurine
(20 pmol L") could inhibit cardiomyocyte hypertrophy induced by Angll, and the mechanism is related to the

inhibition of activation of p38 MAPK signaling pathway and up-regulation the expression of miRNA-1.

[ Key words ]
MAPK) ; microRNA-1 (miRNA-1)
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PR JUAE AT 3G e UM 46 g 4 415 0 LA I
TIRE , T 48 22 14 98 L1400 LHE AT B0 L EE # AN
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trizol & RNA $2 O] (b KR AR A RA (=
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J¥Z (Real-time PCR) AH J¢ A5 30 ) & ( H A< TaKaRa
AN, S 4 Bl S DP405-02, RR0O47B, RR82LR,
3427Q) s 51 ¥ i K [ Invitrogen 24 R BT FIE A o
L3 4% ZS-2 RIEGHRAL (b 508 WAL AW ),
17-AC &I CO, 53548 ( H A& Sanyo 4y &) ) , CKX53 #
58 B % ( H A Olympus 24w ), SW-CJ-1D %48
HITAESR (R Gl A RA A ), ABI7T500 £
Real-time PCR {¥ ( 22 [ Applied Biosystems 2\ &) ) ,
EPS-300 A2 LUK AL (B RBERM AR AW ),
Mini Trans-Blot #Y £ [ #% El & 4t ( 3 [ Bio-Rad 2%
Al o

2 FiE
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L UL BRI LS 10% Ji 4= 17 N 5 55 55 R IR 5
FI DMEM 5 3% W B B 1 x 10° A~/L, 7] B i A
0.1 mmol-L~" BrdU i il 0> UL 41 e 384 5 , 32 Bl
6 fLEE TR, ARG 15 5% 24 h, BE 4R TG I VE By 9% A 24
h &, (88 265 WSO LA B e 2 TR AR LA
IR S| AN DI AV S E SN I 5 R
M B R KT 95% ,FF B sh R A1k .

2.2 R LA B A A B ARO LAR B A
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2O N

2.3 SR KA SRy NIER AL B,
p38 MAPK il 57 41 ( p38 ik 77 41 ) , % £ 55 (K
e A MR ST AR R T S 50 45 R
g B FCGRAG rh L k BE 4H M2 p38 MAPK #1157 25 LA
KA PG Ay AR BE AL 5 pumol - L1 v e B 41
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4110 pmol-L~" . 25 FF HGL AN p38 MAPK 1 il 5]
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2.4 AN R TE AR I E gy 72 h 5 EE
G WL B0 LAl R 35, O DL IEUR g3 B A1
Image-Pro Plus6. 0 715350 JJLA0 i R WAL . 45458 80
FLIEFEAAEE S D HLEF ( x 200 £5%) & S K IR v |
A REIN & 10 LA L, 5 30 40 0 R AR TR

FR 8 FR MW 2 , L D-Hanks 52 52 e gk 3 Wk, 9%
Je INAGE ) 1% SDS ¥ i 4, LA Lowry 25 I 241 Jfd
FEE SR (ALY 5 x10° Ao .
2.6 ELISA Kyl 40 iy b3 ANP & &0 W 3% 524k
PR BE IR, W IR £ 22 vl (PBS) UL, LA ELISA 3k
R I 240 A 13 ANP & i, Fe i) & vd B A4 AR O ik
HEATFE B A
2.7 Real-time PCR £ {Jll.0> WLZH ffif miRNA-1 mRNA
2R K trizol Jh 4.0 WLAH M &L RNA, 36 4% 5
¢DNA ,SYBR Green | Real-time PCR jllj %8 miRNA-1
ik a, LL U6 fE R NS4 I, miRNA-1(67 bp)
81 % 5'-TGGAATGTAAAGAAGTGTGTAT-3", F
W Bl 4 5'-GGCCAACCGCGAGAAGATG-3'; U6
(62 bp) 15| 4 5'-CTCGCTTCGGCAG CACA-3',
Fi#8] 5'-AACGCTTCACGAATTTGC GT-3', PCR %
A% LR FEE #E47:95 °C 30 5,40 4~ PCR f§ 3
(95 € 10 5,72 C 5 min,60 C 60 5,95 C 15 s),
BEAFEARK I 3 AN L. B R A 2 kot i
30T
2.8 HEHEIRPLEIIE R (Western blot) il .0 AL 41 i
ET-1, p38 MAPK, p-p38 MAPK, MEF2, 3-MHC , a-
MHC 2 R IE K & 200 LA i DL Fv8 19
WEMREh 2% vh il (PBS) PRI 3 WK, Jim A 40 i 24 ff W oK
- 244#% 30 min, 4 C M1 77 r-min“%ﬂl‘ 20 min J5
HUANR 3, L BCA 3kl i@ R Mk B il 45 SDS-
5V M O B B B AT AR T UK, 1 h SRR R R ED
% PVDF B, DL 1% 41 A EEREA 1 h,
A—$i(1:1000)4 CHeHE 7, e ImA ZHt
(1:5000) k2% KT E LB, R Gel-
Pro analyzerd K45 5387 30 DU 52 454 09 K BE (B ik
HONL A RULAA EHMEAS NS (B-actin) £k
W HE R
2.9 geitsEar bt SRHAI SPSS 19.0 B F k4T 48t
IMT TR BERILL v x5 o, ZALE] R R R
Ji 253 M, O 22 55 F, R0 P P b #R R B SNK-¢
L0 2= OR F5RE, Y BCRT P PR B Bk A Tamhane’s
2L, P<0.05 NERAEGITHE L,
3 &R
3.1 XRG4 M R B 5 IE R4
B, B2 0 LA i 2% T BB B R (P <0.05) 55
FETRY 2] L3, v TR B 4HL T p38 MAPK 11 4l 551 &1 .0 L
MR AR B R 45/ (P <0.05) i ) & 2H Al
- 83 .
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p38 MAPK 410 it 771 250 JUL 46 Jf0 3% T AR L 452 6 8 2% 1
5. WERLEL

F1 HZBEEMEXCINABREROZI(x2s,n=5)
Table 1  Effect of leonurine on surface area of cardiomyocyte in

cardiomyocyte hypertrop(x +s,n=5)

2157 W JE/ wmol - L' 2 i 2 T AR/ o
251 - 6 716. 80 =853. 52
A - 11 992. 40 +1872. 18"
35 ) BORR 5 8 653.40 £990. 51%
10 10 731.20 =1 593. 42
20 10 520. 60 +999. 76
p38 MAPK 41 1 10 8 769. 80 = 869. 472

W SIEHA LR P <0.05; GHAA B P <0.05(K 2 ~
4T,

A B (&

D E F
ALTE 2 5 B BERAL ; C. p38 MAPK 10 30141 5 D. 45 1k 40 GG e S 24 5
E. 3 80P L 5. 3 v B (R 2 )

1 35 6 5 X AR oK O AL 48 B % T AR Y 25 0 ({8 B 2 e, < 200)

Fig.1 Effect of leonurine on cell surface area in cardiomyocyte

hypertrophy detected by inverted microscope ( inverted microscope, x

200)

3.2 XA WLEE FI BT & i 40 M 13 ANP i
95527 S Y o £ o/ i T2 s S e
A B ANP SR F (P <0.05) 5 54
TZH LA, 5 ok B 41 p38 MAPK 417 il %1 41 %% 1 I
it A BV ANP S B B RRAL, 2 R A BE
(P <0.05) , 1 = i B 20 F0 p38 MAPK 417 i 5] 26 .
JULZ0 Ff 2 P 5 A L ANP & bR G B
PEER., &2,
3.3 XFAER.OMLAH ML miRNA-1 mRNA 335 B 52 i)
SIEH 4 B 4] miRNA-1 mRNA 1) 3 35 B
BRI (P <0.05) ; SHEIAIL] H#K, i ok B 41 p38
MAPK #1 il 551 4 .0 WL 20 fff miRNA-1 mRNA ) 3 35
B L8 (P <0.05) 17 /& v B 4 fil p38 MAPK i)
il 770 25 0> L4 M miRNA-1 mRNA ik 22 % L4811
-84 -

F2 #BEEMNEACINHABEARSEMHANE LFE ANP EEM
M (xxs,n=5)
Table 2 Effect of leonurine on protein contents and contents of ANP

in cardiomyocyte hypertrop(x +s,n=5)

15 e g | Sl ANP,]
/uwmol - L. /ug /ug- L

25 - 9.68 +2.11 22.62 +6.72

LY - 19.04 +2.19"  174.85 +19.02"

25 B B 5 14.24 +2.90% 75.03 +12.79%
10 18.58 +1.83 167.69 +18.91
20 18.21 £2.00 163.52 +15.25

p38 MAPK #1151 10 14.92 +1.68% 80.98 +13.09%

®3 HBEHEX LA miRNA-1 mRNA RAB R0 (x5,
n=5)

Table 3 Effect of leonurine on miRNA-1 mRNA in cardiomyocyte
hypertrophy (x +s,n=5)

45 #e &/ wmol + L™ miRNA-1
= H - 1.05+0.12
A - 0.40 +0.07"
T B 5L, 5 0.80 +0.09%
10 0.41 £0.07
20 0.42 £0.08
p38 MAPK #i ] 10 0.78 £0.09%

3.4 XPHEIR.CLAN AL p38 MAPK {5 538 i AH OC
FRRIR W 5 1E % 4 b, B 70 41 .0 UL 40 g
ET-1,p38 MAPK, p-p38 MAPK, MEF2 J% g-MHC %
Y 2635 7K W] 58 13, o-MHC ZE B9 26 35 7K F 1
BRI (P <0.05) ; 58RI 4] L4, i vk B2 41 Fn p38
MAPK il i 7 41 .0 WL 48 g ET-1, p38 MAPK,
p-p38 MAPK ,MEF2 }; B-MHC % |1 ) 2% i 7K - W] 5
T, a-MHC H H MR IXAKFW 8 EIH (P <
0.05) , 1Ml =5 ¥ B2 25 F1 p38 MAPK 41l i 551 28 .0 AL 40 i
FREAMREAKTFAN R TR EE., Wk
4,42,
4 Wit

O JUL 290 0 A A 2 o0 LA K ) 3 B el 72, G
o R AL AR O LA B A R O B A L i [
B EEEE ANP, B BUF]4h Ik (BNP) 5545 4 R 35 1
Wi B o-MHC [ JJf i % B-MHC %% fb 25" ET-1
S U200 B S 0 i 38 R, 7 0 g 3 0 e 3% 3k )
WIS RBEGLL Ang I V5 5 3L RO ILAN I, 45
TN R | I R S o T AN =
A5 v T IEE O LA M, 40 3 ANP & sk — 20
Fhi  ET-1,8-MHC 2 1 53 /) 2 35 K F- B | 19, i
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*4 BBEFEMEXOCHMEAE p38 MAPK FEERAXEARKRENEM(x2s5,n=5)
Table 4 Effect of leonurine on relative protein in p38 MAPK signaling pathway in cardiomyocyte hypertrophy(x +s,n=5)
13 e iz ET-1 p38 MAPK p-p38 MAPK MEF2 B-MHC a-MHC
A /;,umol-L’l /B-actin /B-actin /B-actin /B-actin /B-actin /B-actin
25 - 0.34+0.18 0.38+0.11 0.02 +0.01 0.38 £0.22 0.35 +0.08 1.54+0.25
% - 1.45 +0.46" 1.30 £0.17" 0.11 £0.04" 1.91 +0.16" 1.07 £0.19" 0.46 =0.16"
25 1 2 g, 5 0.86 +0.30% 0.74 +0.29% 0.04 +0.01% 1.06 +0.23% 0.59 +0.18% 1.03 +0.22%
10 1.420.47 1.18 +0.36 0.11 +£0.01 1.65 +0.33 1.03 £0.16 0.53+0.17
20 1.38 £0.36 1.12 £0.33 0.10 +£0.02 1.63 +£0.33 0.99 +0.24 0.54 +0.15
p38 411 il 5] 10 0.91 £0.29% 0.79 +0.24% 0.05 +0.02% 1.23 £0.43% 0.62 +0.14% 0.94 +0.19%
AR 5 BT P p38 MAPK K¢ S MR A R
-acti e .
p-actin 36 kDa SB203580 BELIT ™7, A% 5 0 45 L R B e O 2%
ET-1 23 kDa BERLGEE N JH ET-1 88 (BT R IA K, HE 45 B 5
-] PNZ S ST = 1 ‘»\ Q
38 MAPK o BT A 3 p38 MAPK 5 155 e 40 0 0o JUL 40 I
Ko RHEUEX — B, A B 55 #F — D&l T p38
e 41 kDa MAPK , p-p38 MAPK J& MEF2 % (114 i K F , 45 5t
MEF2 S W%, AR K0 LA p38 MAPK, p-p38 MAPK &%
. fi —p—" . MEF2 £ [ 1) 22 35 K 7 B S8 T &7, i ok B 4 B 2
-MHC | s — — a
2 . - , . BRI 4 p38 MAPK, p-p38 MAPK 2 MEF2 % [
a-MHC 224 kDa JE ) 22 I8 K, 5 p38 MAPK 1 il 751 41 45 S AH 1L .

A B C D E F

2 REXROHLZER p38 MAPK ESERBEXERRRIABIK
Fig.2

Electrophoresis of relative protein in p38 MAPK signaling
pathway in cardiomyocyte hypertrophy

a-MHC 25 [ 5T 9 235 B Rl 45 B4R 2L RLG
WLAT L AE Ang IT 3] 3% T 8 30T 0o WL 20 1 HE K A9 ek
AR RERLT o hy W A B AR 5 A 0O LA
AR A 1 L, 52 56 43 30 28 T AIG o v vk B 25 B R
% (5,10,20 wmol- L") F AL A0 WLAN A, % BX 5
Vi B 25 BF S0 8 W A s/ A K0 UL 20 i 200 e T A
EE AR VMM FIE ANP & &, 0§ ET-1, 8-MHC
HEARFEIEKTE, I o-MHC & [ %25 KF K.
VR 25 RE R AR N B B B SRR R VR 25 T
HEG (20 wmol - L71) RESI I Ang 11 35 (9.0 JIL 41 ffg
ek

O WUZR B AT R 0 B 2 2% (5 53 B . o0 T 3
BB 3R - R ok E - R R GO A R R
ET-1 7303558 i, a] 3 p38 MAPK 5538 17 Ak i
PEC LN MR K % AR & RS . MAPK {53 % 4
SO NERE ARG K AR 5 0 IR AR 3R
BRI B 5 AE 5 W #%, p38 MAPK Sy H 5 % il 51 2
— 117, p38 MAPK % [1 i W2 fk & p38 MAPK {5 %
R AR R B, RTINS T R S I F MEF2
FeIRBE I, WO RR BE 3R Gk A AR 40 WUIE R & A

S 25 LR R 5 Bk 0 AT B8 A i 0 i p38 MAPK {7
53 K b0 A 0 UL A LT K

miRNAs J&— 2 Py I M 6% /) 3F 4 i RNA | 38
T 5L mRNA 58 & oA 58 4 BAMNGS A FE G St
Ji KP4 2 1T B B mRINA R i 3 458 56 R 1Y
#3k" . miRNA-1 f% miRNAs 5 i B 2 — , 18
MAHR AR EE ok B LT iR &
BLVER, WS 5 0 WLET 4R Ak 0 ILAH A IE K 55
O WU AL 5 BEAE AR RS K, miRNA-L 7E
B0 LA i 2R 5K N B, 5 BNP —FERTAE R0 J)
FORPREY K miRNA-1 1) 22 3K 2 104600 WL 40
AR K TR A BRYA YT RS I PR ST L & B, 45 T
B Z VR BRI VA YT 0 F1 2 i B 12 H )5, miRNA-1
(1) 2 TR 036 I AT WA T, O DL EE R A A
AT LR BoR 5 IEF O WLAEIE He A IR RO LA
Jil miRNA-1 (1) 32 35 W] b B AR, T /2 v B 25 1k 2 B v
55 Th IR0 LA I miRNA-L () 355 K F | $ 7R
15 79 A 25 B AR 0T BE 3 1A miRNA-L [ 33K 91
il WILAH B RE K. R 5% & BE, miRNAs A 3 45 40 A
S5l g, TS 5 B T miRNAs 19 30 fig kK 45 W A
PR, —F AETE Cross-talk ¢ &0 AHF 52 45
Al i 7R p38 MAPK 41 il 57 41 miRNA-1 (1) 3% 3k B
19, i Karakikes 27 % Bl miRNA-1 B 11 74l
p38 MAPK {5 i % 1% fb i 7% .00 L A . 4% p38
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MAPK {5 538 % il miRNA-1 2 [i] 7] € 77 75 41 5
WAER BARYE HPLE A Tk — 2P 5E .

MR 38 SR B AS S8 I 5 45 SR, .0 J1 W
SRR = (I O i G S R ) LS R
ET-1 43 W5 3 Jn, ¥ 7% p38 MAPK {5 5 i [, p38
MAPK 25 [ ik 89 0 8 F B R 4k, 0 3% JiF MEF2
B RIEAKFE#FE— T m, p38 MAPK & [ 3R ik
B A IR AL AT A miRNA-1 ) 3R 387K F,
MO LA B AL R FRIC ) ANP 43 338, W46 Y o-
MHC [a] /i i 2 B-MHC 1) %% 4k, £ 4.0 JUL 48 i JE K
KA KRR, fm e B £5 BE RO T BB A 1 B i p38
MAPK {5738 #1616, 1 miRNA-1 [ 3 35 96 5% .0
WAL R o i T miRNAs 5 40 {5 538 j% 2 (6] 17
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