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KRB Y Hippo-YAP A5 538 B0 i bl i 0 DL 2 L 5 i
BSEIRLEE Wi 1y S B WE 50

REK, HFAE, TRE (RPESG AR EBARE RN WE, IHARZRE 257000 )

i E: BR TR KFAS S (HG) #5098 L fadi4s 09 %0 & L 5 Hippo-Yes A8 X% @ (YAP) 155 il 54 69
WAEA . FAiE vA 30 mmol/L # F 43t K Ko Mlam i HOC2 #4T HG g # 5 Ilgm a4 A, & J5 A 0.05, 0.10,
0.15, 0.20 mmol/L #7K a4k 22 2 it 5F ) CCK-8 R4l &bk, Jf s K a4 AR . ARG 4 HOC2 m s g 3+ R
(ctrl) 28, HG 4, MR E K FARAL . Z iR K FRadi 2 Ae & SR /K 75 4% +Hippo-YAP 43 5 i@ #4494 7] ( TDI-011536) 41,
P ctrl 2808 5 mmol/L #) £ ¥83% 7= 4 ek, o4 4 40349 A 30 mmol/L #) &) M3 A, Ak . Z R ELK 54848 %) 8 0.05, 0.10mmol/
L /K R a3E F 24h, & JE K 4% +TDI-011536 468 0.10 mmol/L 7K 774%A= 3.00 umol/L TDI-011536 3% 4« 24h, CCK-8 &%
Ao dm R ¥G A, RN dm L AA M 4w i =, ELISA k480 v =& (MDA ) FeA2 B A4 /LB (SOD ) /K-F, Western
blot #- BF B2 1L YAP (p-YAP) , YAP, ¥sismatisi/i (PCNA) fe B & @mg -2 AW (Bel-2) Fak-F, &R
5 ctrl 28345, 0.05, 0.10, 0.15, 0.20 mmol/L /K a4 22 HG #4549 HOC2 5% £ R FWm, 2FBEH%it5E
L (=832 ~ 29.67, ¥ P<0.01) , /KmayFaap4 R E (IC5044) 2924 0.09 mmol/L, & F=4&TF 1C50 #9 0.05
mmol/L #= 0.10 mmol/L iR EAE A J& 4 52 3t K Ak B . 5 ctrl 203b4, HG Ao A& 5 2 EHIK (1=4432, 11.04,
P<0.01) ; 5 HG 2145, MRKREAK BB, Sk EARFMA MG EEREIE (1006, 21.66, ¥ P<0.01) ; 5
BR LR AL LE, B IRJEK R AR +TDI-011536 A% pe 5% F 2 F T (1=9.54, P<0.01) , ZFBEALKTFEL,
5octrl AbbE, HG AwmleA =R B H+ 5 (=36.74, P<0.01) ; 5 HG A%, KK E K FMIA . &k K I s tm
AT ERETHE (=11.04, 26.78, 33 P<0.01) ; 5 &RERFBULE, ZREARFBR+TDI-011536 4140 it — &
BEHEH (12996, 3 P<0.01) , 2FAAG%TFEL, 5 ctrl LA, HG 4 SOD K-F BHKAK, MDA K-F 2 F 5+
% (=18.85, 29.12, ¥ P < 0.01); 5 HG A, IR EAKFAA ., &R EK G A SOD K-F 55 (1=6.59, 9.86,
¥ P <001), MDA K- 2 F KAk (=13.45, 2336, 3 P <001) ; 5ZKREKFBAILE, FikIEK Fm#+TDI-
011536 28 SOD K -F % ¥ Ak, MDA R-F R %3 (1530, 6.98) , 2FAALHTFEL (I P<001) . 5l
Yo, HG 4 p-YAP, p-YAP/YAP, PCNA, Bel-2 & G 7K -F 2.3 A&, YAP & @ K-F 235915 (1=15.36~45.00, 35 P < 0.01 );
5 HG 4rbig, ARREK R, Z R E K F A p-YAP, p-YAP/YAP, PCNA, Bcl-2 @ K-F2#It&, YAP &
GRF R EFGAL (1=5.51~25.15, ¥ P < 0.01) ; 5&ZREKFBAE, &HREAKF R +TDI-011536 21 p-YAP, p-YAP/
YAP, PCNA, Bcl-2 &G K-FZHFKAK, YAP HGKFRHIZH (=427~1125) , ZFEARTFEL(HP<0.05).
ZEiP K BT Ak A8 1180 Hippo-YAP 43 5 i S84 6] B AL i An m 08 =, i W 2& HG #5549 5 IL2m JL 45 47 .
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Experimental Study on the Effect of Stachydrine on Myocardial Cell Injury

Model Induced by High Glucose Through Regulating Hippo-YAP
Signaling Pathway
SONG Yanging, DU Zhanghui, DING Bingyu (Department of Endocrinology, Dongying Hospital, Affiliated Hospital
of Shandong University of Chinese Medicine, Shandong Dongying 257000, China)

Abstract: Objective To study the effect of stachydrine on cardiomyocyte damage induced by high glucose (HG) and its
regulation of Hippo-Yes-associated protein (YAP) signaling pathway. Methods Rat myocardial cells HOC2 were stimulated by
HG with 30 mmol/L glucose to establish the myocardial cell injury model, and then treated with 0.05, 0.10, 0.15, 0.20 mmol/L of
stachydrine and their activities were detected by CCK-8 method, and the action concentration of stachycarine was screened. Then

H9C2 was grouped into control (ctrl) group, HG group, low concentration stachydrine group, high concentration stachydrine

group, and high concentration stachydrine+Hippo-YAP signaling pathway inhibitor (TDI-011536) group. Except for the ctrl
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group cultured with 5 mmol/L glucose, the other 4 groups were cultured with 30 mmol/L glucose, and the low and high
concentration stachydrine groups were cultured with 0.05 and 0.10 mmol/L threonine for 24h, respectively. The high
concentration stachydrine +TDI-011536 group were cultured with 0.10 mmol/L stachydrine and 3.00 umol/L TDI-011536 for
24h. CCK-8 method was applied to detect cell proliferation. Flow cytometry was applied to detect apoptosis. ELISA were applied
to detect the level of malondialdehyde (MDA) and superoxide dismutase (SOD). Western blot was applied to detect the level of
phosphorylated YAP (p-YAP), YAP, proliferating cell nuclear antigen (PCNA), and B-cell lymphoma-2 (Bcl-2) proteins. Results
Compared with ctrl group, the survival rate of H9C2 cells induced by HG was significantly increased by 0.05, 0.10, 0.15, 0.20
mmol/L stachydrine treatment, and the differences were statistically significant (+=8.32~29.67,all P<0.01). The 50% inhibitory
concentration (IC50) value of stachydrine was about 0.09 mmol/L, and the concentrations of 0.05 mmol /L and 0.10 mmol /L
close to and lower than IC50 were selected as the concentrations of hydrostachyine for subsequent experiments. Compared with
the ctrl group, the survival rate in HG group was significantly decreased (r=44.32, P<0.01). Compared with HG group, the cell
survival rate of low concentration stachydrine group and high concentration stachydrine group was significantly increased
(+=10.06, 21.66, all P<0.01). Compared with the high concentration stachydrine group, the cell survival rate in the high-
concentration stachydrine +TDI-011536 group was significantly decreased (#=9.54, P<0.01) , and the differences were statistically
significant, respectively. Compared with ctrl group, the apoptosis rate of HG group was significantly increased (t=36.74, P<0.01).
Compared with HG group, the apoptosis rate of low concentration stachydrine group and high concentration stachydrine group
was significantly decreased (=11.04, 26.78, all P<0.01). Compared with the high concentration threonine group, the apoptosis
rate of the high concentration stachydrine +TDI-011536 group was significantly increased (=9.96, P<0.01), and the differences
were statistically significant, respectively. Compared with ctrl group, SOD level in HG group was significantly decreased, MDA
levels were significantly increased (#=18.85, 29.12, all P<0.01). Compared with HG group, SOD level were significantly
increased in low concentration stachydrine groups and high concentration stachydrine groups(=6.59,9.86,all P<0.01), MDA level
were significantly decreased (=13.45, 23.36, all P<0.01). Compared with the high concentration stachydrine group, the SOD
level in the high concentration hydrostatin +TDI-011536 group was significantly decreased. MDA levels were significantly
increased, and the differences were statistically significant (#=5.30, 6.98, all P<0.01), respectively. Compared with ctrl group,the
level of p-YAP, p-YAP/YAP, PCNA, Bcl-2 protein were significantly decreased, and the level of YAP protein was significantly
increased (=15.36 ~ 45.00, all P<0.01). Compared with HG group, the level of p-YAP, p-YAP/YAP, PCNA, Bcl-2 protein were
significantly increased in low concentration stachydrine group and high concentration stachydrine group, the level of YAP protein
levels were significantly decreased (=5.51 ~ 25.15, all P<0.01).Compared with the high concentration stachydrine group, the
level of p-YAP, p-YAP/YAP, PCNA, Bcl-2 protein in the high concentration hydrothreonine +TDI-011536 group were
significantly decreased, the level of YAP protein significantly increased, the differences were statistically significant (r=4.27 ~
11.25, all P<0.05). Conclusion Stachydrine may inhibit oxidative stress and apoptosis by activating Hippo-YAP signaling
pathway, thereby ameliorating HG-induced myocardial cell damage.

Keywords: stachydrine; Hippo-Yes-associated protein signaling pathway; high glucose; myocardial cells; injury

B IR 9% P O LA% (diabetic cardiomyopathy,
DC) MR G K BB, KRR ) 3300
JIE Dy e AR Ak 1T K e Ryt D3 3 v, H RIS TR B
Xt DC RRIRIRSTT ik . BT HE5T DC & 44
BLHIT T HRABNRIF Y. e —Fh g
2y, BAPIR . Pradb. SUiH RGO i AR
SEER Y, KRB AR AR A 255 S 0 A T
ARG E WO LA IR K B PR RGE, K
J3H8E 1 555 Hippo-Yes-associated protein ( YAP )
53 AR A R R G Az i AUl v A4 T, O
i3 EPACT/Rapl {5 5 8 il Sk 8 S 405 5 100
LA I T ™ H K F5R 087 = B (high glucose,
HG ) #3005 A VR T M AR HGE . Hip-
po-YAP 8 [ O I8 A A RO I AR A5 0 A v L

HEZAVEM P, 40 Hippo-YAP 7.0 IUEIFESE
SRR ORI TR A Y FE s BE(HG )
75 5 190 JUE B ETF 4 20 ffd 7R Hippo-YAP 22 E] IncRNA
FITEFE I T YAP 9% 5067, D8 DC /N SE MY
{HAKHBRAE HG 755100 LA 51405 H A VR FH R AS
THAE . B SEIRT K IR HG 1755100 LA
3R FZ I RV AERLE], LAWK IR 36YF DC /)
s R IO FH R it — 2 A B AR

1 #MR5FE

1.1 gmpeskiR REGONLAI HOC2 (B &
WRHEARAT ) .

12 EEHXALE DMEM M (5 139555,
AR R FFARABRAT ) 5 Mg (FBS)
(it 5 WKQ-0004317, DU JI| & 4 v 25 4 W BF 52
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ABRAH) 5 Al & (cell counting kit-8,
CCK-8, fIt5 CD28526, w4l ARk A BRA
H)) 5 KO (S FT0777242, sRIFEREGERHE
FBRZNH ) 5 Hippo-YAP i 41l 5] TDI-011536 (it
5 1210945-69-9, IR RAEDIRHEAIRAF) 5 4l
Mg T H & (S CSY6002S, aIURHrH A= Mkl
FAWAR) 5 KREHAMYIEALE (superoxide Dis-
mutase, SOD) &7 & (L5 EK-R30266, 1445
YRR AT ) 3 KENE ( malondialdehyde,
MDA ) it & (5 220305, FIFHAEAWRHEA
FRANE] ) 3 MMk EZ ( bicinchoninic acid, BCA ) &
F e I 2 R & (k'S PC0020, db i &S s L
AIRAH ) 5 RIE—PUWERR L YAP ( phosphorylated
YAP, p-YAP) , YAP, MAFHANMIAZPUE ( proliferating
cell nuclear antigen, PCNA ) , B 7 & & H ( B-Tu-
bulin) , B kLR -2 I (B-cell lymphoma-2,
Bel-2) |, BUR A ALY B bR 0 A9 L E BT S i [ it
5 abs106569, abs133484, abs120180, abs131994,
abs131701, abs20040, M5 ( LifF) EYRHEABR
/NF] o Spark ZIIREMIHRL ( PHLHBE USRI AT R
43 ] ) ;3 BD FACSCalibur 3 20 41 A 1X, ChemiDocT-
MXRS+ US4 (S£E BD Al )

13 Fik

1.3.1 40 M9 15 3%. HOC2 41 Jifd 76 7% /i 10ml/dl FBS
Nl 1g/dl 5% R MiEE 5 2 ) DMEM B 3804, 5%

(v/v) CO,, 3TCIEFAHTIETR, A% B ik 5
80%~90% R}, JFURFLEsls: .

1.3.2 FKI3HgovR 3 75 e S 20 M 02 - Bk B S 56 25 A
f HOC2 ZHifIL) 4 x 10° A4 /ml B35 BEHERITE 96 FLIR
h SRJETIA 30 mmol/L A4 77 24 hifs G450 ™,
HHARFRFE (0,05, 0.10, 0.15, 0.20 mmol/L) f
TR0 U AL FRARE , X RRC ctel ZHARMIAS I ATK I35
2405, FHALIIA 10 W 1ICCK-8 157, 37°CHEHE 3 h,
FHZ DIRERFFRASCI AE 450 nm AbRYWLE (4 18) |
*EfElA\ft zlﬂﬂ@ﬁ(ﬁ% = (A SE T A 25 1140 ) / (Ax‘J,E.ﬁ
m— Asp ) x 100%, T AAEAFHE SRR S e
B (1C50) 1A,

Wt FARZEHS HG 75519 HOC2 4l 534 HG

A, RIREEKTRORAL . S K IR . vk K
JRB% +TDI-011536 2H . fIRIR K TRl . =ik K
J0 0 2H 43 51 0.05mmol/L, 0.10mmol/L 7K it B 5%
F% 24h; R JE K IR +TDI-011536 2HH 0.10 mmol/
L 7KZ3H8A1 3.00 pmol/L TDI-011536 1555 24 "™, Fi 5
mmol/L #j &R FER A AE R ctrl 41

1.3.3 CCK-8 % #4452 HOC2 L) 4 x 10° /> /ml fi 4
JERER R 96 FLAR Y, SR 1.3.1 Hp iy 2k a0 40 i
AfE, WRIEAKTR S M,

1.3.4 JiaCan A 200 H A B Ak, PBS W
W, A AnnexinV-FITC #1 fft £k 75 B¢ ( propidium
iodide, PI) #EJGHFH 4, RH BD FACSCalibur
TS BT AN TR
1.3.5 ELISA ¥ : W4 4% 40 40 B2, 3 000 r/min 5 />
20 min, WAL 35 W, R ELISA %43 5
450 nm 1) 4 {8, HRPEAREMZ T H 441 HOC2 4
g SOD Al MDA & &,
1.3.6 Western blot 43 #1: H9C2 4 Jity Jf] RIPA & H
SL0 52 MRS R, TN A D A 7 2 L B
Mo H BCA Failli7] Gk A ik B, SDS-PAGE
STEEA, HHEBREINRA GRS, EHETH
Sg/dl g 4 W5 P th, SR 5 — ¥t p-YAP (1 :
2000),YAP (1:2000), PCNA (1:1000) , Bel-2
(1:1000), B-Tubulin(1: 1000 ) 7E 4°CHFF 1%,
B A A YIS (HRP) ARic i) 9 s
1 he A ECLARF, ZEFHH G A ksl &
&y, M Image Lab™ 4R{FHA TG 534 .
1.4 %it5 54 (di]1] SPASS 25.0 % #kf1481t
SN, TFEBEERATEME + bR (3s) TR,
KA R T Z 0P 242257, R Tukey K
BT LLER, P<0.05 NZESHASHHE X,
2 4R
2.1 K Fw T HG i F 69 HOC2 @ fie 7& 7k 9 %
v CCK-8 k&5 ion , 5 ctrl 41HAR, 0.05, 0.10,
0.15, 0.20 mmol/L 7K 75 fis 73 71| &k ¥ ) HG 153 HOC2
A0 M B TE G R (38.75% + 3.64%, 48.66% + 4.57%,
65.08% +3.91%, 74.87% +4.62% vs 24.68% + 3.88% )
WM, 25 A% E L (832, 14.18,
23.89, 29.67, all P<0.01 ) . ka1 25 R IR,
#=0.952, F=558263, P<0.01, itHH 7K IR0 vk B 5 4
MIAEG #6257 2. K IR IC50 B4 0.09 mmol/
L, FrRAZEREIT IC50 4 0.10 mmol/L ¥ J 7K J5 ik 34
YHREAE A e BEE KA, AT IC50 A9 0.05 mmol/
L e /K Jmai i BRAR ALV R ARk B /K Iz, I LA
IS SR TR S A DRI SR
2.2 Kpss HG #-F 69 HOC2 4 i3 74 F= A 09
Fom WR 1. 5 eul 41, HG 4140 775 %
R, ATREEAS, 2REA%FEX
(=4432, 36.74, ¥ P<0.01) ; 5 HG 4It#, 1%
WK IRIRA . iR B K TR 2 A A7 05 R 0 3
Fh, TR R E TR, ZREAIHEE X (=10.04,
21.66; 11.04, 26.78, ¥ P<0.01) ; 5k KINH
S HLAE, VR EE K IR +TDI-011536 440 Hu 1715 %
BT, MTRRETE, Z2REA%RIFEXL
(=9.54, 9.96, ¥ P<0.01) . UL 450, KR
BT I HG 55300 HOC2 4 yi T, FHLgkis .
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*1 KA HG 551 HOC2 4HAEIEsE., BT (=6, X+s, %)

WiH ctrl 4 HG 41 IOREK AL RIREKHRBAL  EIREKHE +TDI-011536 41 F P
PIAEGR 95534445 2606331 4179+329 56.44 +3.66 4486+4.19 28373 <001
TR 883159 3844229 2954211 16.86 + 1.95 24.80+1.86 20041 <0.01

2.3 KF#AT HG #F 549 HOC2 2a fL B B i 47 &
e Hoh IR 2. 5 oetrl A LE, HG 4H SOD /K
B AL, MDA KB ETH S, Z5HEA45%1T
Y (=1885, 29.12, ¥ P < 0.01); 5 HG
R, AR B K AL . = UK a4l SOD
AOF S E TR, MDA KR EREAL, 2R EA%

P L (=6.59, 13.45; 9.86, 23.36, 4 P < 0.01 );

55 75 e BE K U Bk 4 b B, R vk BE KO8 B +TDI-
011536 21 SOD /KF- i E %K, MDA /K- &7t
ERBEAG R Y (=530, 698, ¥JP <0.01) .
VI 853 3R I, K5mdnT i@ 1 515 SOD, MDA 7K
S HG 55909 HOC2 21 il 4 AL N 184

*2 JKFEXF HG FS5H HOC2 MRS L R BFREWRISNE ( n=6, X+s, nmol/mg )

HiH etrl 41 HG 41 {RHE BE K S VR BE K IR VR EEK IR +TDI-011536 41 F P
SOD  2897+196  1482:158 19.77 + 1.64 24924149 2094238 5086 <0.01
MDA 092:0.13  2.84+0.19 2.19+0.15 130£0.15 1.76£0.18 12997 <0.01

2.4 K AT HG % F 49 HOC2 28 B ¥ p-YAP,
YAP, PCNA, Bcl-2 & @ Rk ey Hrm WEK3, 5
ctrl 41 H ¢, HG 4l p-YAP, p-YAP/YAP, PCNA,
Bel-2 £ 17K F i 3 FE AR, YAP & K F i 35 7t
m, ZRHEA5FE X (21.00, 45.00, 27.94,
1536, 21.10, ¥J P < 0.01) ; 5 HG 4 &, 1K
WEEK IR . = Vi FE /K I3 4H 1Y p-YAP, p-YAP/
YAP, PCNA, Bcl-2 % [1 /K F & & 7+ 7, YAP &
F/KF B EREL, ZRBEASIHE X (=782,

15.64; 10.26, 25.15; 10.67, 20.83; 5.51, 10.73;
11.38, 16.83, ¥J P < 0.01 ); S Bk IR i,
Uk K IR +TDI-011536 2 p-YAP, p-YAP/YAP,
PCNA, Bel-2 2 /K B E MK, YAP 2 /K
ETE, EREAGUTEE L (=494, 1125, 635,
4.64, 427, P <005) . DL EZEREW, KINH
Al [ YAP 8 ALK -0 HG 175 51 HOC2
A Hippo-YAP {5 i i

3 KAAFEIT HG #5589 HOC2 4RAEF p-YAP, YAP, PCNA, Bcl-2 EEFREHIZME ( n=6, ¥+s)

i ctrl 41 HG 41 IOREKBRAL  RVREKTR AL VR KRB +TDI-011536 41 F P
p-YAP 075+0.08  0.24+0.06 0.43£0.05 0.62+0.04 0.50 +0.06 63.17 <001
YAP 049+007  138:0.12 0.90+0.14 0.67+0.09 0.85+0.08 6251 <001
p-YAP/YAP 153011  0.17£0.02 0.48 +0.06 0.93+0.08 0.59 +0.07 29431 <001
PCNA 1315002 021006 0.63+0.11 103 £0.08 0.78 +0.10 11130 <0.01
Bl-2 095+0.11 042005 0.61+0.09 0.79 £ 0.09 0.63+0.07 361 <001

3 itie YEFT B KRR T DAE R I A a, DDA R

DC S hRI 5 | & O WURR S O A8 5 i
S gEs U, DC B RILEIE 2L, AR
s, H HEEKR A RGRIy kR, Bia
A2 1 HG 515 A9 A5 A B Q52 2 DC
KA AR Y, HORBFGE R HG AbFE HOC2 4
37 DC RSN AR, 459 oK, HG AR
SR DD N = N R <8 = P = R A A A € (= 2

(SOD, MDA ) ZE4b B &, 1 HLIsE . JH 1A%
F 1 PCNA, Bel-2 £k T, SREAME —8 ™",
HUHG ES 7RO UL, 275 40 ok
IR

IKIMIREAIRIT A 4efl . O MU B . RIES

FiFE O UL E I O T fE B ARHEgE & PR,
KFAE T e HG 55 09 HOC2 95, I/ 4 i
JAT, WSRO Y, ELE R AR B
PR K T3 T 308 3 R O LM MG A L PR Tk
W HG 75 100 WA 1, X 57K IR 7E iR /
BEE T HOC2 4l B /E T B — 8, BBk
IR AT REXT DC, SO LB I 45958 0 LA — RE IR YT
VER o A0 i DR AT A Sk 3 el o vl 8 ol a5 44
R IESR AN ML I A RE Ty . SO WL AR 45k Bl
0 1 A 2R DC B H B

Hippo-YAP {555 % J& T 1% U U B0 1%
HBOE I YAP BERRIL K3 &, AR YAP Jd 2,
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JATH AT T WL cyclin D1 25131k, 43
PG A . AT RPE R B RS R, S
Hippo-YAP i i il {2 #E.0 LR IS 58, Biest /N Bl
fiE g 9, ¥E DC ', Hippo-YAP il #6257, YAP
IR, SECOIANRE R SR P AR R
M, HG 4 p-YAP SRR WD, YAP HEIHEKIEF
=, U] Hippo-YAP i# 7E DC i Jj& i b - BH AR
Ay MR, RVREEKIRIAL BTSN p-YAP & 113
ik, W YAP BRI, HEI K TRTE AT AR i
{i Hippo-YAP {5 ‘71l Btk HG %55 HOC2 il
o REAIE EARSEAL, A5 H] Hippo-YAP il #g41)
il 37 TDI-011536 1 i B K S5 A 5 1 P HG 75

S HOC2 41, Z5HEH, TDI-011536 W35 T =

R BE K SRR HG 55 19 HOC2 4475 i i 4

WESE T /K S50 7T B8 38 1o 3#01% Hippo-YAP {5 i %

M AR BN TR R A, BETTEEE HG 7531

HOC2 4 I ii4; .

g I, JKIR0% AT BB 0% Hippo-YAP 15 5+l
PRI A LA TR AR, FETTZE % HG 75
O, Ry T —E RS ENME. H
SEAWITE R Z AN SZRTSE, HInIAE SR g R
A REAT ) AR T B8 - K T B 2 i O JU LR 40 0 1 i
B, IRGITRARRIE.
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