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Sweroside Effectively Protects Against Ischemia/Reperfusion Injury by Regulating

Excitation-contraction Coupling

TANG Jiayang, WANG Qing, YU Xue, WEI Xiaoqi, YU Jiang, LI Shuai, LI Sen, GUO Shuzhen’
(Beijing University of Chinese Medicine, Beijing 100029, China)

[Abstract] Objective: To explore the effect of sweroside on the protection of cardiac systolic/diastolic
function during ischemia/reperfusion (I/R) injury. Method: Twenty-four healthy male SD rats were randomly
divided into control group, model group, 10 pwmol-L™" sweroside group and 1 pmol-L" digoxin group. The I/R
injury was modeled by Langendorff and ligation of the left anterior descending coronary artery. The infarct size in
each group was measured by 2, 3, 5-triphenyltetrazolium chloride (TTC) staining and hemodynamic parameters
such as left ventricular diastolic pressure (LVDP) , left ventricular end-diastolic pressure (LVEDP) , left

ventricular end-systolic pressure (LVESP), maximum rate of rising of left ventricular pressure ( +dp/dt_ ) and
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maximum rate of decreasing of left ventricular pressure ( —dp/dt, ) of rat isolated heart were detected by

Powerlab. In addition, neonatal rat cardiomyocytes (NRCMs) were isolated and randomly divided into control
group, model group, 1 pwmol-L"' sweroside group and 10 wmol-L" sweroside group. Hypoxia/reoxygenation (H/
R) injury model was established. Cardiac systolic function and calcium transients were examined by multi-
functional cell imaging analyzer and laser confocal microscope. Furthermore, real-time polymerase chain
reaction(Real-time PCR) was used to verify the mRNA expression of excitation-contraction coupling genes such
as L-type calcium channel (Cacnb2), cytochrome ¢ oxidase subunit 6A2 (Cox6a2), troponin (Tnncl, Tnni3,
Tnnt2) , actin (Actcl), and myosin (Myh6, Myl2, Myl4) according to the results of previous transcriptome
sequencing and literature investigation. Differentially expressed genes were subjected to cluster analysis. Result:
Compared with the conditions in the control group, increased cardiac infarction size (P<0.01) and LVEDP (P<
0.01) and decreased LVDP (P<0.01) and LVESP (P<0.05) were observed in the model group, with +dp/dt,,, of

increasing trend while —dp/dt,,,, decreasing. Moreover, the cell viability, heart rate and contraction amplitude of

NRCMs was reduced (P<0.01), while the contraction duration, time to peak and relaxation time was elevated
(P<0.01) in the model group. Interestingly, sweroside could reverse these indicators (P<0.05). In addition, the
expression of Cacnb2, Cox6a2, Tnncl, Tnni3, Tnnt2, Actcl, and Myh6, Myl2, and Myl4 was down-
regulated in the model group (P<0.05, P<0.01), but sweroside could up-regulate the expression of the above
genes (P<0.05). Conclusion: Sweroside effectively regulated Ca® level in NRCMs, enhanced cardiac systolic
function, and protected against H/R injury by regulating excitation-contraction coupling.

[Keywords] sweroside; ischemia/reperfusion injury; systolic/diastolic function; Ca® ; excitation-

contraction coupling
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Table 1 Sequences primers
ElRY] gl K& /bp

GAPDH  [}if ACTCCCATTCTTCCACCTTTG 20
T CCCTGTTGCTGTAGCCATATT

Cacnb2  EJ# AGCCTCGCCACCGCACTAG 19
it ACTCGCCAGCCTCACTCCTTG

Cox6a2  EJi# TGCTCGCTTAACTGCTGGATGC 22
i GAGAAGGGCTTGGTTCGGATGC

Tnncl i GGCAGTGGCACAGTGGACTTC 21
F it ATCCGACAGCTCCTCCTCAGAC

Tnni3 _kiif CCACCGAGCCACATGCCAAG 20
Fiif TCCTCTGCCTCACGCTCCATC

Tnnt2 iif GAGGCAGTGGAGGAGGAGGATG 22
T GCTGGGCTTGGGTTTGGAGTC

Actcl 13 GGCGACGGTGTGTGACTCATAACG 22
T iif CCCGACCAGCTAGATCCAGACG

Myh6 13 GGACGGAGGAGCTGGGAAG 21
T GAGAGGAGCACTTGGCGTTGAC

Myl2 -3 GGCGGAAGCTCCAACGTTC 21
i GGCAGCAAACGTGTCCCTTAGG

Myl4 I-if AAAGCAACGGCAGTCATGGG 22

Fiif TCCACCTCAGCCTCGCTCATC

15 min 2 , #2782 +dp/dt,,, BA f B K (P<0.05) , —dp/
dt,, B 5 T+ = (P<0.05) , PR i iE— 20 & 1.0 L
Wi, SHEAVH L, G H Hm AL
30 min i, 4 F8 b5 22 57 JC G0 T 8 S, Fon BRL (1 45
FUFE B AL 5 A A b A, X 25 1 B T 15,30,
75 min 34 7] L i % F+ = LVDP il LVESP(P<0.01),
5 b o 2RO T SRRV AR, Y 2T
30,75 min ] UL B & TF & +dp/d,,,, 1 FE I —dp/dt,,,
(P<0.05,P<0.01) , 55 H = 3 25 20 AH 3T 5 Y9 25 1 Fi
X LVEDP 2 R ¥ g it 4 a Lo seak, &
T 7 15 min BP ] B 5 % X -dp/dt,,,, (P<0.05) , &
R AR Y 21 o M r dl h — R R
O JIE7E K-H 8- 17 0 S I i 9 3h g 2 S 50 B S
WL ER . WER2-F6.

TTC e 0 45 5 o, B AL 210 LA BE 17 B 2 oy
A0 TH AR 44% , FE S HE BTN 10 wmol- L' X4 24
A, AT D0 IURE B8 18 FR 2 21% A2 45 (P<0.01) , 5
S 2RO . LR 1. 3R 7.

3.2 X H/R 44 )5 NRCMs 4B 3G 1 B9 52 2424
W FEAE 0.01~100 wmol- L35 Bl P , i 4k 34 24 h X%
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F2 HEFEWURBGRBROEMESHFSELVDP BN (+s)

Table 2 Effect of sweroside on hemodynamic parameter LVDP in rat heart subjected to I/R injury (x+s) mmHg

2 51 W /wmol-L" n PAEHER 20 min K 454130 min K FHETE 15 min K EHEE30mink FHETE 75 min K
EHA 6 74.57+8.14 75.58+7.76 76.30+8.30 74.34+8.90 72.72+9.17
IR 2] 6 79.17+7.29 56.27+5.34% 41.66+4.59% 40.24+4.45% 37.92+5.21%
M 10 6 80.19+6.51 57.39+6.72 57.85+3.09% 57.42+3.54" 59.11+2.10%

b 55 4 1 5 73.20+10.98 56.99+10.53 57.15+9.35 57.03+9.87" 54.53+10.23%

T 5 IE 4 A VP<0.05,2P<0.01; 514 4 > P<0.05,7P<0.01(F2 3-32 6 .32 10-3 1217 ) ;1 mmHg~0.133 kPa

£3 HHEXURBGRXROCEMTESNESEHLVEDP I (f5)

Table 3 Effect of sweroside on hemodynamic parameter LVEDP in rat heart subjected to I/R injury (x£s)

mmHg

A5 W /pmol-L! n S HE L 20 min A 25 30 min & FRETE 15 min oK FEHEVE 30 min K P E 75 min K
IEH 4l 6 6.97+1.04 7.94+1.08 8.00+1.31 8.16+1.40 8.88+1.24
e 6 8.70+1.82 16.75+3.18” 19.89+6.10% 20.38+5.09% 20.81+3.77%
M AL 10 6 8.74+1.18 18.02+2.72 17.68+2.38 18.73+2.73 18.74+2.02
b5 2 4 1 5 8.29+1.30 15.01£1.95 18.47+3.96 18.77+3.25 19.51+2.76

F4 HAENURBGAROCELR HFESHELVSEP MM (i+s)
Table 4 Effect of sweroside on hemodynamic parameter LVSEP in rat heart subjected to I/R injury (x+s) mmHg
451 W /pmol- L n PAFHEM 20 min Ak £54L.30 min K FRHEAE 15 min R FHEE30min K FHEE 75 min ok

ERA 6 81.54+8.33 83.53+7.91 84.30+8.11 82.51+8.70 81.59+9.44

LR 4] 6 87.87+7.07 73.03+2.46" 61.55+3.46% 60.62+3.08% 58.73+2.71%

M 10 6 88.94+6.09 75.40+4.82 75.53+2.44% 76.15+2.45 77.85+2.14%

b 2H 1 5 81.49+11.63 72.00+10.73 75.62+6.63" 75.80+9.31" 74.03£9.51%

x5 HHEXW URBRG KR ORMDTESHFESE+dp/dt,, BN (X+s)
Table 5 Effect of sweroside on hemodynamic parameter +dp/dt_ _in rat heart subjected to I/R injury (x£s) mmHg-s™

25+, 30 min £

FHEVE 15 min oK

FEHETE 30 min K

FHHETE 75 min K

AR WE/umol-L n P N 20 min K
ERA 6  2446.04£251.68
AL 6 2881.26+687.05
M A 10 6 2486.61+302.46
b 4 1 5 2643.61+298.32

2411.56+182.41
2307.09+389.98
2290.954+222.35

2377.28+217.89

2432.314259.17
1920.70+390.17"
2252.63+387.23

2242.09+£179.19

2398.71+£237.04
1 824.07+302.91%
2299.09+332.72%

2197.23+281.37%

2337.33+276.02
1819.21£377.02%
2231.624271.99%

2 079.324308.51

6 YL UR B K Bb B M3 5255 -dp/dt,,

JEM (x£s)

X

Table 6 Effect of sweroside on hemodynamic parameter —dp/dt, in rat heart subjected to I/R injury (X+s)

mrnl-[g-s'I

253130 min K

TIHEE 15 min K TR 30 min K

FHED 75 min K

41571 W /wmol- L' n M 20 min K
EH 4 6 -1867.03£180.59
FERI 20 6 -2050.67+178.17
MU 10 6 —1923.80+190.37
i i ¥ 4 1 5 —1978.70+130.82

-1769.02+285.06

-1659.65+144.1
-1629.72+188.3

-1650.92+284.4

-1767.99+£317.81

-1736.43+325.33

3 —-1287.18+129.22" -1245.12+75.70%

7  -1558.30+206.77

9 —1693.45+253.97" -1 683.25+214.68"

~1602.36£217.99%

-1 603.76+294.69
-1205.37+24.98%
~1540.95+149.97%

—1534.43+134.68"

> JUUER M 7 T S 25 R, 2 W2 24 T RO L

41 JC I S SR PEAE D, e R T . L
5 0F % 4 R, 4 H/R /b FE 5 ,NRC

T\ FE R B (P<0.01) ; 5 8 841 H %,

R 8.
Ms 40 g 1%
1.10.

100 wmol-L" X4 25 1F ¥ 0] g 2 2l 3% NRCMs 4fl ff 1

J1(P<0.01) ;0.1 wmol-L" 24 25+ 41 X} NRCMs 41 Jity
WA TR ELW ., WK
3.3 X H/R $ 15 J5 NRCMs U 4 /47 7% 2 BE 19 5% i

NRCMs £ H/R $5t 3 J& , 200 Mo i 46 s 3 b & R 1K
O 3 5 A, Wi 4 R S T R A R
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A IER 4B, R, C. M2 4D, M e

1 HHHEXNURBHGAROCNBEEERMIM (TTCY )

Fig. 1 Effect of sweroside on size of myocardial infarction in I/R

injured rats (TTC staining)

RT TTCERBMELDEFEIE KN (is)

R8 FARRESHLEIEE NRCMsFERM (F+s,n=5)
Table 8 Toxicity study of different concentrations of sweroside on

NRCMs (x+s,n=5)

215 e g /umol - L IE i NRCMs 4l g i 11
2 H 1.00£0.08
Ml 0.01 0.97+0.03

0.1 0.98+0.04

1 0.96+0.05
10 1.02+0.04
100 1.02+0.08

R9 TEREMHAHEN H/RBGEOCMAREENNZM (F5)
Table 9 Different concentrations of sweroside improved viability

of cardiomyocytes after H/R injury (x+s)

21541 ¢ /wmol - L™ n H/R A8 43 J5 40 i 36
S HIEH A 3 1.00+0.05
LR 4] 4 0.46+0.10"
MU 0.1 5 0.50+0.08
1 5 0.64+0.10
10 5 0.66+0.05
100 5 0.62+0.08%

Table 7 Infract size of left ventricle from TTC staining (x+s)
251 e /pmol - L n L U ZE T B /%
EH A 6 1.67+1.15
LR 4] 6 44.33+7.77"
Tl 10 6 21.33+2.31%
e 1 5 25.67+0.58%

S IERWA R VP<0.01; SHRAE e HE 2 P<0.01(F£ 9TH)
Th v, &7 5K ik AR e 2 T e, A R AR 0 I 2 R AR (P<
0.01), SR LH,1.10 pmol- L' Y2545 1] LA
224035 NRCM s Y 45 A G 8 b, & B NRCM s W 4 1R
BE R B O R T W R R AR AT

F10  HZHE I H/R B0 UL B 48 Th BE IR IPIE R (X5, n=3)

ik B R I ARG, 3k 04 A R B B R B, NRCMs 45
5 W A B T 5 (P<0.05, P<0.01) , {2 #f NRCMs i
a5 /EF KR DI RE IR 2 . FEAS WUAEFR T, 1,10 pmol- L™
225 bR 25 A6 004 IR R D R R 25 R AN (P<
0.05) , 7E HfhF5br ¥ 22T XHE T2 L. W
# 10,

Table 10 Effect of sweroside on NRCMs systolic function after H/R (x+s,n=3)

4151 W ¥ /wmol - L™ WS 24 8 2 /2 L% /Hz Wi 4 Bt 2 /ms &F 5 i i /ms KU R /ms 5 7 705 0
2 H4 7 768.77+212.53 1.6040.10 264.37+6.80 162.96+2.96 102.80+5.46 5.31+0.39
R 4] 5316.35+291.64% 0.89+0.11% 496.97+29.62% 338.51+34.16% 135.76+24.20Y  3.71+0.06
E Rl 1 8221.18+300.82" 1.90+0.01" 273.33+1.91% 162.97+5.91% 103.39+3.40" 4.72+0.22Y

10 7 162.98+429.90" 1.68+0.09" 260.61+9.77% 159.78+8.43% 99.15+1.34% 4.74+0.66

3.4 X NRCMs 2% v - i 46 #8 B AR 5C 2 [ 9 52 i
S5 6 SCHR P PR A T B SR 2 o I A 2R N
Cacnb2 .Cox6a2.Tnncl .Tnni3 . Tnnt2 ,Actcl .Myh6 .
Myl2  Myl4 55 2% i - Wi 4 #8 3K RH O 5 A 3R 3k 0K E
1390 #r .
5I1EH 4 i, BRI 2 Cacnb2 ,Cox6a2  Tnncl .
Tnni3 . Tnnt2 , Actcl .\Myh6 Myl2 . Myl4 ) mRNA &
ik i 35 B AR (P<0.05, P<0.01) . SRTRIA L #K,

25 1 pmol- L' K25 1 A B J5 |, B Cox6a2 2 F L4 it
. 90 .

2R AN, HAh L P mRNA A 305 8 2 0 W 1
(P<0.05). % 10 wmol-L" 4 25 4b B J5 , Cacnb2 .
Tnncl,Tnni3 ., Tnnt2 , Actcl . Myh6 [¥) mRNA 3£ ik &
1] 8 F9E (P<0.05, P<0.01) , 4y 5 I mRNA iy
RKikwA LIHEH ZRF LRI EE L, WRITA
#®12,

R TR R AR 5 R SRR 2 A SR
Y 2235 35 5 HA 3 240 0% 22 5 0K, T 1,10 wmol- L
MGG 2 B R SRR B O IR O HL L A T
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2, WA 2 2 4 2 LA 4 TR 2 RO PR SR K T AR I
F LBHNE-RRRBARERREOM Gres.0=3)

EH4. WAE?2,

Table 11 Effect of sweroside on expression of genes related to myocardial excitation-contraction coupling pathway (x+s,n=3)

21 51 e g /umol - L Cacnb2 Cox6a2 Tnncl Tnni3 Tnnt2
EH 4 1.03+0.31 1.04+0.34 1.00+0.09 1.00+0.07 1.0040.11
H 200 24 0.54+0.10" 0.24+0.05> 0.31+0.59” 0.33+0.1 0.41+0.14>
E PR 1 1.01+0.29% 0.43+0.03 0.85£0.9" 1.01£0.1% 0.83+0.07"

10 0.97+0.04> 0.58+0.17 0.53+0.13% 0.59+0.1%’ 0.79+0.27"

F12 HAFEWHEF-WHEBHEEXEERRENENE (F5,0=3)

Table 12 Effect of sweroside on expression of genes related to myocardial excitation-contraction coupling pathway (x+s,n=3)

215 e /wmol - L Actcl Myh6 Myl2 Myl4
I % 41 1.00+0.37 1.01+0.19 1.01+0.13 1.010.15
AR 241 0.22+0.00” 0.31+0.20” 0.16+0.07> 0.47+0.10
MUl 1 0.61+0.00" 0.87+0.10" 0.79+0.08" 0.800.03"
10 0.68+0.20" 0.87+0.10" 0.32+0.08 0.65+0.10

e

Cacnb2

Myh6é

Tnnt2

Actcl 1.0
' 0.8

Cox6a2 0.6

0.4
Myl2  Edo2
X RIS R
Myl4
Tnncl
Tnni3
A B (& D
A 4‘%@2]1,13 IE%”éﬂ;C. EERE| Mmol~L"2ﬂ;D. 25
10 wmol- L4

B2 HX&E-WHBKEREERANRESN
Fig. 2 Heat map analysis of expression of genes related to

myocardial excitation-contraction coupling pathway

4 iTig

Lo LA 9 09 2 6 B N SIS il BJE 19 32 22 05 , % A
J5 Y0 WE T AR T B A AR A 22 10 JUL R ot - R
FEBR 59 101>, o0 JUIL 2 A - WA 57 R B0 S5 5 o
T 00 WUAR M 5495 1) R B AR AR A AF & AT
UG A7 000 WL A -S04 R K 19 25 1 B A B I
R o M2y i 52 LR 25 & m At
o I e Y B0 TR R S AL A W TR A 2 2
T R 55 At o 25 44 1 32 AR 4y, AT BE R X BE T K
BAR 24 20 O I A I T B IR A 2 — o F

FEAR B, M2 T B 1 Sk A S 0 R RO R
H I HOc2 0o LA A S A R 3 L A R T O ek
6 20 i PN S, b R L A G R S A2 A
(DHPR) % LR R, A AR E KN4
A ] 5 3 10 ] Keap 1/NRF2 %, M i 300 ) 450 46 1
WA H 28 A /MR NLRP3 A 5 B 40 i 45 T 8 2038 0
LAY H/R 35340517 E X 0 AL AT 00 JIL 2 - VAL 44 4
K 114 5 1) 1 TG 13

P, A R 5 SR B A0 UE Bl i P E
NRCMs ik & 52 A A | 3R 58 1 #2424 45 %0 AL Bk
i PR 3 958 0 B T A % - A R K S R 1 B
Wi o 4 SR e B, 24 25 4% AT LA 3 /0 UR 505 B AR
O JUE 7 O JULAE 6 T AR, 00 UL 1) i 6 5 4T 9k T
i, H 5w 25 M . IR, Y2545 Al DL g 3
5 H/R 455 0 UL A B A0 355 7, 3035 00 UL 400 R i 4
FFak i,

240 LA B S i 35 ek SRR 40 A 1O 2
SN P9 Na B, AT 42 #F Na'/Ca® 9 38 2955
ol O R RO A B B N SR
51 HFE R AR UK SRR R Ca®, A 2
U/, B IR, T A I AR R A O L A )
IR BT LA M Ca i i s K, #0051k
O LN A 0 46 Ty BE S 5, i M P Ca A A8 fb B AR A
R R AR R R TR A T AR e 4 B R A N
W 45 T BEFE AR Ah , o5 — ] LA R 0 LW 45 2h BE Y
TE ARG AR A5, T LAGE a2 6 YR R R PR 4 AR
WLZE () 4 Fluo-4 %), 4 Ca” W] il 33 DHPR #F A
ML, SIASE 456, 51 R NLL 4838 8, T8
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T VA B s g R K M LR P Ca® ik BE IR
INF O WUVUES 25 71 L ) L3 25 1 b s LER 25 1 45
BB IEWUERE S WS & 255 UA EF 5K 5 2 40
JHO 25 B A I, Ca® K E A AN 5 cTnC 45 &
SIS E A E S W B AL f#ER T cTol 5L
SR M-IV R H 2 0 25 A o Tl 5940 6148 i
B, S BOULER A S WUsh & A EAE T L A0 AL 22
TAH B, LRI D 24 AT - AR I Y T
S0 24 3 v AT LLSE 2o 10 ) Na®-KC-ATP B
7176 240 i A N384 22 01 S 415 S8 8 17 385 i Ca™* , Wi IR
B HIRAG YT O LB . AR SR AR BN, 280
H/R 4545 Je 090 JUL 460D B 9 Ca™ 7K SF S8 35 A1, T
2420 3 v LU H P Ca? K S Y 3 I B 41 i K
S 3 I R I AR R R O LR A 4 /T 5k 2
REFIAVE .

A WE5E R BT, Cacnb2 J2& L #1558 1 Y B2 I H
O, A0 2R B i 2, AR 3R W Bl DR M L kA 1
SO L4 (/R Y . Cox6a2 Ji 2 R 4 I W %
AWV R0 0 R c S AY L 5L, Cox6a2 HY
B2 T 1 2% T B LR 1A T B RS L DA B O JE A5
ZAHARTIRE™ AE— T T RO LB A i
L O JUE S B9F 5 6 WD 5k 1t Bk 40 FS Y HIL-100 JIL 4R
Cox6a2 F AL, Tnncl Tnni3 . Tnnt2 ¥ 5 145
Y W B A7 A 5%, Toncl | Toni3 | Tonnt2 4% fif — 4~
3k 5 A H L TR BE RS9 7. Actel 5
UL 3h 2 1 A 56, Actel 3 PR 19 36 3K 78 56 KAk O BiE
9oa 10 LA 2L e s 2, 9 FLZE O L2 2 3 3R 43 v
FAEW BT D UNLER R P 2 A LR A
55 (a-MHC 5 -MHC) 1 2 % LR 2 1152 5% (MLC)
LR, Myh6 5 a-MHC AH ¢, 76 8 O E 9 9 21T
KM E] «-MHC 35 T, Myl2 Myl4 5 LR I
I 7 2% B B AF 56 MLy 12 (9 B 2 Ak J2 8 10 LA 4 3
JBE AR B TR L 2 4 el B) H/R 45 R
Cacnb2 ,Cox6a2 . Tnncl . Tnni3 . Tnnt2 ,Actcl .Myho6 .,
Myl2 Myl4 K& PR 35T [, 04 25 17 7T DAL i gt
BRI R IR, $ 7 2 24 1 2l H/R B 00 LI 4 &7
5K D1 58 1 2400 AT BE 5 R T B AR 2 A - W5 R IR A G
FEAT G .

L5 F TR, 24 2 AT RE I A A 2 A - e R K
AH OGP, B3 O UL 40 JH P 555 B 722, DT 28 3 00 JUL
200 JH e A4 K I RE L R HE AR 0 JUL A ok - E U
05 BV T AH 25 25 1 7Y 1 A T 8 R e A R it —
ST . LA BB TEAE S 30 B B ek O UL I
TECE A 0 TR RE 2GR TR IE R 2 Y
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