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Effect of Salvianolic Acid B on Cardiac Muscle Damage Following
Exhaustive Exercise in Rats

Ung-Jin Im, Jong-Soo Lee

Department of Korean Medicine Rehabilitation, College of Korean Medicine, Kyung-Hee University

Received: November 4, 2017 Objectives: This study examined the effects of salvianolic acid B (SAB) on exhaustive exercise-
ifc"e'steegf mg\vlzmg g; 58}; induced cardiac muscle damage to rats.
prec: ’ Methods: The study was carried out with 12-week-old young adult male Sprague-Dawley rats.

Thirty-six rats were divided into 3 groups; normal (n=12), exhaustive exercise group (ExS, n=12)
and exhaustive exercise with SAB (ExS+SAB, n=12). Five days before exhaustive exercise, SAB
were medicated for 5 days in ExXS+SAB group. Rats in ExS and ExS-+SAB group were forced to
swim for 150 minutes and then they were sacrificed, while rats in normal group were sacrificed at
rest. After that, blood was collected and cardiac muscle tissue damage indices were analyzed.
Results: Serum aspartate transaminase activity and lactate dehydrogenase activity were
significantly lower in ExS+SAB group than in ExS group. Serum creatine phosphokinase activity
of ExS+SAB was significantly lower than ExS group. However, the content of serum creatinine
had no difference between ExS and ExS+SAB group. In the H&E stained left ventricle
myocardium, ExS group showed signs of myocardial damage such as sporadic fragmentation of
myocardial fibers, interstitial edema, cytoplasmic eosinophilia and neutrophils infiltration.
However, ExS+SAB group alleviated the severity of the signs of myocardial damage. In the
myocardial dihydroethidium staining, optical density was remarkably decreased in ExXS+SAB

Correspondence to: Jong-S00 Lee group compared to ExS group. Fgrthermore, the up-regulation of Bax/Bcl-2 ratio was observed

Department of Korean Medicine in ExXS+SAB group compared with ExS group.

Rehabilitation, Kyung-Hee University Conclusions: The above results suggest that SAB may protect cardiac muscle damage via

Medical Center, 23 Kyungheedae-ro, antioxidant activity and prevention of apoptosis.
Dongdaemun-gu, Seoul 02447, Korea

Tel: +82-2-958-9214 s . . S . . .
Fax: +82-2-963-4983 Key Words: Salvia miltiorrhiza, Salvianolic acid, Cardiac muscle, Antioxidant, Apoptosis

E-mail: jslee@khu.ac.kr

Copyright © 2017 by The Society of Korean
Medicine for Obesity Research

MNEa 2 salvianolic acid A (SAA)2} salvianolic acid B (SAB)Z
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< 5ol A& H S (cardiovascular protection)®} A%<
2 Siekn st
At RG] gt A5 AHEH in vitro A
Tl SAB= ATAIZL] AF] HIc2 Alatof| tisf 4trst
A 2412 AAA5F1”, arsenic trioxide] <3t £Ato] tis)
Bax I 9] oA} Bel-2 Wd o] S7Hs Bl HoasS
W3igtchy skt E3 SABE poly (adenosine di-
phosphate—ribose) polymerase-1 &L AE S5
angiotensin [[2 f9E o] gF o] MM L £A44S BT
Sty sl om?, embryonic stem cell2 58 E3Hd 4
AN A MEAAAL 7708 AAGdThe 21 5 g
FE8 59 AL Ho 58 A6t 9t o
SABS] 3 a5 tis] ddE== A8 in vivo A5
= AHEH AEE0] e Aol ogt A
s AAEe] S AT, matrix metallo—
proteinase—9 (MMP-9) k8- 2145} malondialdehyde
BS Ak, Afo|E719l BulE oAk 2hgo] 9
Sff AZBA 0] 2715 S0l A 7|50 324 &=
Stk spQATH Y, e A o] 9)e) Tyt A
Aol the SABS] ol oA o We a7}
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FHo s A MRt 5> HTAIES] At AR
£ S7HFIER d4tAF(reactive oxygen  species,
ROS) A= S7H712L Aol 7324, 7162 9 diA-

o2 zegicts!” Jg g B A4 SABZL 17}

= 2ol g AT el tE T2 B
17 Shiet. D] SABE 597 Folaln DAEHEE

AA T EF aspartate transaminase (AST), lactate
dehydrogenase (LDH) ¥
Aok A= x2|oh4] WS}, superoxide A4 9] H
9}, Bax®} Bel-2 'Ied o] HslE W vh fofjt dxE
o] olo]| B 115} Hlolt},

] creatine phosphokinase (CPK)

JELIET
1. ¥HE=

AdFES Yy2hte] @8 (Nara Biotechnology, Seoul,

Korea)oll A 19+ 1259, oF 280 g A$ 9] Sprague-
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DawleyAl 471 2FE AH&stltt. = 2&(21°C~
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2. U4 U Eof

& Aof| ARESESAB (Fig. 1)+ Biopurify Phytochemicals
Ltd. (Chengdu, China)ollAl F-QistRom, Az]A] g4
0] 30 mg/kg2 19 18] 59 Fet AEE st

w
]
o)
|.|-|
Jo
o
10
4
Q2
P
nz
og
M
10
Hr

> g

4 o
BN
”>E

HAE 250B0°C+1°0OE 715 A& 453
—|7§ 90 cm, %=°] 32 cm)ol] go] 150%
% (exhaustive swimming)-= 4

5EL 8*17} Aol 9 HSTAL 5K 15] A

Kl
o
H'1
L
ol
el
38,
=
N "
>

o
s
5
ofl
_c|>L

B3 Mo o3 o
_\1 ol
)
M=
flo rr
Rl
o ool

)
N
4
=}
o
l
®
o
>
30
H
Jh
E
H
ol

ol
H1
o
o
o
>
>,
o
fu)
BN
ﬁ
(@]
P
5=
o
)
&
<
(@]
@]
P
o
=
O
7
('D
[es
X
w
N—
WE

SABE 5¢%t
(ExS+SAB)&
2 At

4 BESAE ANT B
FRSgon, 7 2 12u1elo] AP

M
)
o
jllel ¢
kl

ol =
DL 247 T AFFES ketamine 22 0H
et o ANESka, Ao =RE oF 3 mlo] dA-E A F 5t
o FHET| 2 o AHEZT|Z 4°C, 2,000 rpme]]

& 2ot o9 ZHIE

HO O,

O Hooc OH
COOH
i r@:m

Salvianolic acid B (SAB)

Molecular formula: CaaHgOys
Molecular weight: 71861
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Fig. 1. Chemical structure of SAB,
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w28 dHo=HE AST, LDH ¥ CPK 4=}
creatinine $HFg 2+Zto] A& =4 7] E(Asan Pharm. Co.,

Seoul, Korea)& AH§-5t0] Aofeta] o = Z4J513ir.
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6. MYZTSEZ AM Y nH
AETEEAE cryocurs A&} gl
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@uo] Atgotdct. AR AhdA

e

(sporadic fragmentation)& TH5H7| I5A A ZZ] o
HHAQl H&E dMS AARE o CCDZH=HDP70;
Olympus, Tokyo, Japan)7} #2bd gstdn|Z(BX51;
Olympus)= AR&sto] st = A5k
Superoxide @4-& #&s17] Q54 = oxidative fluore—
scent dye?l dihydroethidium (DHE) @48-& AA|5}t.
DHE @42 offF2 54 4% WelM 1 uM DHE (in
phosphate—buffered saline; pH 7.4) &¢f 3027+ ¥h-g
AlZ)a, Fa Beete] A RS AlRstelon, 3

2 F2HHA0|H(LSM 510 META laser—scanning
microscope; Carl Zeiss, Oberkochen, Germany)< A&

Sto] Psal G2 AsAt

TS Z A o] 4h A Edof gt AR A=E Sl

E OS2 HE Image] software
ver. 1.44p (National Institutes of Health, Bethesda, MD,
USA)E AH&sto] SAstlnh. A8 A3 974 (Fig. 2A)=
Saio]z] g/t(black—white binary image) 22 W2RFA]F]
I (Fig. 2B), THA] S G4 (inverted image) 2 ¥+
St th2(Fig. 2C) AAH gray valueX ot =2 312] pixel &
o] WAl St th(Fig. 2D). DHEe|| 3%

o

Z Ao = Image] softwareS ARE35lo] 2AFo] Bhad
Beg Zokh 24 AsE T 440 AR G
RS AAste] T Bt ghS 7t AP T EY SHARE A
g5kt

8. MXr2 89| Baxet Bcl-2 W =X

Halg AAEe 228 Z42) lysis buffer (50 mM Tris—
HCI, pH 8.0, 150 mM NaCl, 1% Triton X-100, 0.5%
sodium deoxycholate, 0.1% sodium dodecyl sulfate
[SDS] 1 mM ethylenediaminetetraacetic acid, 1% protease
inhibitor cocktail; Sigma—Aldrich, St. Louis, MO, USA)
of gol wdslstal YR ste] 5odle Eelstatt. &
A F%2 Bradford BRS AMESte] Aigstalod, 50
pgll S-S Zoket S SDS-10% polyacrylamide
gel electrophoresis©l] 2|5l Al&3t1l, Western blotting=
Alegstodct. 12k@AlE  anti-Bax  (AB7977;  Abcam,
Cambridge, MA, USA)®} anti-Bcl-2 (SC7382; Santa
Cruz Biotechnology, Dallas, TX, USA) @ anti—-B-actin
antibody (MAB1501; Merck Millipore, Burlington, MA,
USA)E AR5

Fig. 2. lllustration of measurement of sporadic fragmentation
percentage of myocardial muscles, (A) Original image, H&E stained,
(B) Black and white binary images, (C) Inverted binary image, (D)
Results from the measurement of sporadic fragmentation,
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9. BAIX2
H =2 AAH AEEL mean+tstandard error2 E
AERon, Z+ 2ge] FAA FoA HISS Student’s

t—testS AFRSI] P<0.05 o)449] §-ol4F o 2 HASI)

A1

—

1. &% AST ¥ LDH %)},ES’_I k)

Oé AST BT AT 64.4+4.8 U/LAY, ExS
T2 132.0+7.8 U/LE ?% o] Hls} 205.0%= P<
0.0019] o4 2= BHE F7Fs HerISlt) olol Hls)
ExS+SABT-S 106.8+7.3 U/L2 AAEol Hs| 165.9%
Z7¥ska, ExSttoll HIs P<0.059] G2l Qe FA T 9
T4zt EEJAHTable 1, Fig. 3). €% LDH @4 &:=
A2 80.5+13.8 [U/LYIL, ExSw2 222.4+22.5
IU/L2 AArate] bl 276.3%2 P<0.0012] 424 Q=
249x Z7Fe YERSITE olofl M| ExS+SAB#S
130.2+15.3 IU/L& Aol Hl8l 161.7% 575k, ExS
ol Hlsl P<0.019] 994 = S0 Fart was
tH(Table 1, Fig. 4).

2. @%= CPK 4T U creatinine §gfo| 5]
% CPK E4EE A2 24544517 U/LSAL
ExS+-2 786.3+74.6 U/LE AArEe] vl 320.4%2 P<
0.0019] #9143 o= P& S7H HERHSIT. olof Hls)
ExS +SABT-S 426.8+64.6 U/LE Aol vlsf 173.9%
Z715ka, ExSwtoll H]3 P<0.012] 494 o= FAx o]

Table 1, Effects of SAB on Serum AST and LDH Activity after
Exhaustive Swimming in Rats

AST (U/L) LDH (IU/L)
Normal 644+48 805+138
ExS 1320+787 17 (20500 2224+225"7T (276.3)

ExS+SAB 106.8+7.3°(165.9) 130.2+£15.3" (161.7)

Values are presented as mean+standard error (%)

SAB: salvianolic acid B, AST: aspartate transaminase, LDH: lactate
dehydrogenase, Normal: group without exhaustive swimming, ExS:
group exercised with exhaustive swimming, ExS+ SAB: group exer-
cised with exhaustive swimming and 30 mg/kg SAB treatment,
Total number=12 in each group; T TP<O_OO1 compared between
Normal and ExS; *P <0.05; **P<0.01 compared between ExS and
ExS+SAB.
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off

@ dF creatinine &
= 72%,} 2 (0.709+0.012 mg/dl a7, ExS+2 0.716+
0.016 mg/dl, ExS+SAB#-2 0.711+0.019 mg/dIZ2 2+
7hol] -ojgt Mgk ¢19IEk(Table 2, Fig. 6).

160 -
140 -
120 -
100 -

o
o
1

Serum AST activity
(U/L)

B oo

o O

M
o
1

o

ExS+SAB

Normal  ExS

Fig. 3. Effect of SAB on serum AST activity after exhaustive swimming
in rats, SAB: salvianolic acid B, AST: aspartate transaminase, Normal:
group without exhaustive swimming, ExS: group exercised with
exhaustive swimming, ExS+ SAB: group exercised with exhaustive
swimming and 30 mg/kg SAB treatment. Data presented mean+
standard error (n=12 in each group; TTip< 0.001 compared bet-
ween Normal and ExS; *P < 0,05 compared between ExS and ExXS+
SAB).
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Fig. 4, Effect of SAB on serum LDH activity after exhaustive swimming
in rats, SAB: salvianolic acid B, LDH: lactate dehydrogenase, Normal:
group without exhaustive swimming, ExS: group exercised with ex-
haustive swimming, ExS+SAB: group exercised with exhaustive
swimming and 30 mg/kg SAB treatment, Data presented mean+
standard error (n=12 in each group; THP<O_OO1 compared bet-
ween Normal and ExS; **P < 0,01 compared between ExS and ExS+
SAB).
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Table 2, Effects of SAB on Serum CPK Activity and Creatinine
Content after Exhaustive Swimming in Rats

CPK (U/L) Creatinine (mg/dl)
Normal 245 4+517 0.709+0.012
ExS 786.3+746777(3204)  0.716+0.016 (101.0)
ExS+SAB  426.8+64.6" (173.9) 0.711+0.019 (100.3)

Values presented as mean = standard error (%).

SAB: salvianolic acid B, CPK: creatine phosphokinase, Normal: group
without exhaustive swimming, ExS: group exercised with exhaustive
swimming, ExS+SAB: group exercised with exhaustive swimming
and 30 mg/kg SAB treatment,

Total number=12 in each group; TTip< 0.001 compared between
Normal and ExS; **P < 0,01 compared between ExS and ExS+ SAB).
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Fig. 5. Effect of SAB on serum CPK activity after exhaustive
swimming in rats, SAB: salvianolic acid B, CPK: creatine phos-
phokinase, Normal: group without exhaustive swimming, ExS: group
exercised with exhaustive swimming, ExS+SAB: group exercised
with exhaustive swimming and 30 mg/kg SAB treatment, Data
presented mean = standard error (n=12 in each group; ' T TP <0.001
compared between Normal and ExS; **P<0.01 compared between
ExS and ExS+ SAB).
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il
olof AbHA Hgo] I Aol th TR, =gt
EIE Aolof FHET ] H-go] WL 2ckFig. 7). ©]
ol B3 ExS+SABT-S ExSttoll H|a| ATaA 2] &
AYAAY, AT EHRE Aol APEA B, SANET
o] & BTt fHaE Aoz AR HFig. 7). A
2 HES AFHor 24T A3, YT 0.4%+
[e]

0.1%9T, ExSTe 6.5%+0.6%2 4ol Hlsf P<
0.0012] 24 S7HS UEriqlet. olof Hls ExS+
SABTE 4.7%+0.5%% ExSwtol H]3] P<0.059] #2914

rH

30
T

Serum creatinine content

0.0

ExS+SAB

Fig. 6. Effect of SAB on serum creatinine content after exhaustive
swimming in rats, Data presented mean=standard error (n=12 in
each group; no difference between groups). SAB: salvianolic acid B,
Normal: group without exhaustive swimming, ExS: group exercised
with exhaustive swimming, ExS+ SAB: group exercised with exhaus-
tive swimming and 30 mg/kg SAB treatment,

Normal  ExS

Fig. 7. Representative photographs of H&E stained left ventricle myocardium, ExS group showed signs of myocardial damage (sporadic
fragmentation of myocardial fibers [arrowheads], interstitial edema, cytoplasmic eosinophilia (star symbols), and neutrophils infiltration [arrows]).
SAB treatment (ExS + SAB group) alleviated the severity of the signs of myocardial damage induced by the exhaustive swimming, SAB: salvianolic
acid B, Normal: group without exhaustive swimming, ExS: group exercised with exhaustive swimming, ExS+SAB: group exercised with

exhaustive swimming and 30 mg/kg SAB treatment,
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Sporadic fragmentation
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Fig. 8. Effect of SAB on sporadic fragmentation of myocardium after
exhaustive swimming in rats, SAB: salvianolic acid B, Normal: group
without exhaustive swimming, ExS: group exercised with exhaustive
swimming, ExS+ SAB: group exercised with exhaustive swimming
and 30 mg/kg SAB treatment, Data presented mean - standard error
(n=6 in each group; T TP<O_OO1 compared between Normal and
ExS; *P < 0,05 compared between ExS and ExS + SAB).

Ve AFTHARF AT 22 vle daE dErdt

4, MAAGXEZEl superoxide AHAlo| B3}
Superoxide %/d-= T St= DHE JFAA ] 2 Mg
ol Il = (Fig. 9A)E 578 A}, 449 100.0%+
2.9%°1| B8} ExST-2 190.6%+17.6%% Akl Hlsj P<
0.0019] 214 %= F7FH UG ofof H]s ExS+
SAB-2 130.9%+11.4%% ExSo]l H]all P<0.05¢] &9
A e AAPF] Hd B 74, & superoxide B4 <]

742 YR 2lchFig. 9B).

5. MHZSZXXEQ| Bax ¥ Bcl-2 Wdio| Hg}
A8 2o A Bax WH-S Western blotting HHCS
2 =Ag A3k, AR 100.0%+1.9%°] B8] ExS7-e
188.5%+7.8%= Aol HIs] P<0.0019] G4 U=
Z7Fe YERA) olefl H|a ExS+SABT2 165.3%+
6.2%2 ExSaoll vl P<0.059] 494 9l Bax E3 2|
AA 7t A= QIcHFig. 10). Bel-2 WAL AL
100.0%+1.6%°]| H]3l] ExSw-2 117.9%+3.6%= Akt
of Hls P<0.019] Fo14 &= S7H W Lo ExS
SABTE 122.6%+1.8%& ExSwtel vl §-<Jgt #3l7}
N H(Fig. 10). Bax & that Bel-2 &d =& ALt

+
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Fig. 9. Effect of SAB on superoxide formation in myocardium after
exhaustive swimming in rats, (A) Representative photographs of
myocardial DHE staining, (B) Intensity of red fluorescence signal of
DHE staining, SAB: salvianolic acid B, DHE: dihydroethidium, Normal:
group without exhaustive swimming, ExS: group exercised with
exhaustive swimming, ExS+SAB: group exercised with exhaustive
swimming and 30 mg/kg salvianolic acid B treatment, Data presented
mean =+ standard error (n=6 in each group; T TP<O_OO1 compared
between Normal and ExS; *P<0,05 compared between ExS and
ExS+SAB),

3 At ExSTE 63.1%+2.4%, ExS + SABZ-S 74.2% +
2.6%% ExSttoll H|sl ExS+SABToA Bel-22] A2
93 H-&o] FolA(P<0.05) Al &2 Aoz =Tt
(Fig. 11).

AAFTLA| o)) AFetA £AHoxidative damage)S 435}
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Fig. 10, Effect of SAB on Bax and Bcl-2 expression in myocardium
after exhaustive swimming in rats, (A) Representative western blots
illustrating differences in the bands of Bax and Bcl-2, (B) % intensity of
Bax and Bcl-2 expression in myocardium, SAB: salvianolic acid B,
Normal: group without exhaustive swimming, ExS: group exercised
with exhaustive swimming, ExS+ SAB: group exercised with exhaus-
tive swimming and 30 mg/kg SAB treatment, Data presented mean+
standard error (n=6 in each group; TTp< 0.01, TTTp< 0.001 com-
pared between Normal and ExS; *P<0.,05 compared between ExS
and ExS+SAB),
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Bax and Bcl-2 expression

e

AL, Az o) 7)s7goler T Bl 217 o] vl DNA &
A 58 Bl ARSI AHESP] whRott Y, F4

P ROl A ata o
YU ALS SRR lactate A4S S7HA1714L, S7HH

lactateE pyruvic acid2 ELA17]7] Y3l LDH &4%=7}

S7}5hH, creatine phosphate 25| adenosine triphosphate
5 A49st7] $lsted CPK @A L7} S71ehey . mat &
SA| 2o &gl FE = 11 Avte AST B4 =7t 57kt
E]-ZZ).

el 150i23e] =g AARE Ak 5 AST,
LDH 2 CPK 2417} ol #9157 271519001, SAB
Fo7t o5 8= S FosH A7l G5l
TEE QI o]t At SABZF TS T 4TS
oto] et 5ol ot F5o & e 459 v=

Mo o

Ashe fol ek 2L 5844 Atk ojHel @
[e]

o]
T B4 SAB7F et

$oEdL Bo| 5 YA

Ratio of Bcl-2/Bax expression
(%)
(%3]
o

10 4
Ois ﬁ'%_
ExS ExS+SAB

Fig. 11, Effect of SAB on ratio of Bcl-2 vs, Bax expression in myocar-
dium after exhaustive swimming in rats, SAB: salvianolic acid B, ExS:
group exercised with exhaustive swimming, ExS-+SAB: group
exercised with exhaustive swimming and 30 mg/kg salvianolic acid B
treatment, Data presented mean=standard error (n=6 in each group;
*P < 0,05 compared between ExS and ExS+ SAB),

AolH AATE] B FE
BIPE AoJstne Red £5oR FUE TATY 1
2315 G5 et 7 Ztoh ] of ek spxE 2 A
Ao] Ao} SABZ} mI M B HohE MASHE AHgol glnt
£ 218 9] nESEE SABZE 40 T8 w2 51

T}

o B8 WISk AT 2HT 5 900, £ AP Az

2
7} 0] B3t 1R A0 42E 402 AT Holtt
B AL SABY ALY HERSS BEtA
stglonz el 2xsky wale pashdr. 1 2w
DFEGFGS FRAO R AP L] BRGNS F
ZHA713, AFEEARE Aolel AhAel BaSo] ot
AT, T HAE Afolo] FHRBTI Hoslo]
Sl Ao PR, ol HEF 25| o) HFLS
Almel) 22318 £t GFWHSo] St g 1
ofZ Zo|ul, SAB Folol AL o]eld £4HEEo] o]
AR Aoz BAY, ollF &gl e 3P B
2 9J) 22318 GPRAIIHS Tl AFLEARE A
ole] 4hEE B vl2e FHOE ZHT AR
SAB Fofito] ARG Atole] el Bo] 2
Sh WAL RSP FAAAE B thehRglct
SABZH A A HlAl GeS 7t o] o] Hu S
A SABZF AT 0] 2718 24710, 24
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W& 5 gtk DHE= 2H-EA Al292 sote 24
24 HE Qto= Foj7F DNA Afelo] 7]oj&o] Q=
ethidiumo] ROSO] ©Jal] Atshe o] 4] 3-8 aharghey?
2 A9 Aut, 1T G2 AT 204 superoxide
e dASH F7HAZ 2™, SAB FojFolA= DHE

3 &4, & superoxide 2§43 9] T4
7h BEE Qi) ol2jet A= o] o] AFEelA SAB7}

Qaret 482 Fol AREY BOESS P B
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o 5ol s AdE ROSE AHTSAIES]
DNAS Sl EE ol £4A171, AL 13
< 2. Bax Bel-29F @A AEAAA} 7S £
A5l AR A Baxte A|EZAFAAL §HQIA} Bel-2% A
mAQ} AAAAZ FHA Ak, Bax W) F7ko
Bcl-2 'Td o] Tas AZAAANE FX151H, Bax HA 9]
A9} Bel-2 W@ e] /b= MEAANE A5 71
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