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Protective effect and mechanism of troxerutin on
pirarubicin-induced acute myocardial toxicity in rats

ZHANG Tong', FAN Zhimin®, ZHANG Yang', HOU Tianyi', JIA Hongyao>, QIN Meng', SUN Bo', REN Liqun'*
(1. College of Pharmacy, Jilin University, Changchun 130021, China. 2 First Hospital of Jilin University, Changchun,130021)

[ Abstract ] Objective  To investigate the protective effect and mechanism of troxerutin ( TRX) on acute
myocardial toxicity induced by pirarubicin( THP) in rats. Methods THP was used to replicate acute myocardial toxicity in
rats. Changes in cardiac weight, cardiac function, electrocardiogram, pathological morphology, and serum myocardial
enzymes in the rats with acute myocardial toxicity induced by THP were observed. Western blot was used to determine the
protein levels of AKT, p-AKT, caspase-9, caspase-3, cleaved caspase-3, BCL-2 and BAX. Results TRX increased the
cardiac coefficient of rats with acute myocardial toxicity induced by THP, improved their cardiac function, decreased the
content of LDH, CK-MB, ¢Tn-T and BNP, increased SOD and decreased the levels of MDA. TRX also activated AKT to
generate phosphoric acid. The levels of caspase-9, caspase-3 and BCL-2 were upregulated, and the levels of cleaved
caspase-3 and BAX were downregulated. Conclusions TRX attenuates acute myocardial toxicity induced by pirarubicin in
rats by activating AKT and decreasing the expressions of related apoptotic proteins.
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Mt 22 Lt & ( pirarubicin, THP ) & —Filf R %
FHW BRI 259, 11z o FH IR 97 R R 46
eI R SIS iR 0 2L B R LR 0 | St i
S, HET, G IR b — SR A0 i bR o T 5, B 2
DL THP 25 BUAZE 25 0 BRI AR 0T, H7 2m
DI AE THP A5 RERRG A i a0 R JOE 2 2
BRI, A R R R o e kS R R
MM K ML BR T THP 6 I R N, A TN R
( dexrazoxane, DZR) & H R FDA ME— L7 1% 57
IREZ BT 00 3 0 SR 5] A5 A D I o o
FHNBERIE S A7 0 B oA BRI Ak,
HiT 2R 804% 4 AT THP 51 &1
DR, BRI M E L

i 5E /T (troxerutin, TRX) , 2 T RYATAEY),
JE—FpHA 2R AEYIE R IS A, TRX
LA P 21 200 B R ot /I AR B 2R B 1k I AR TR O
GRS ER T AR B A AR SR . IEAh, TRX
R REXRTT 5-2 €0 e RN 2% SR 5 | %) 0t 45 483 403 3 XoF
PN R 20 B B AR 4 AR, 0T LA 1k i TR R B 51
I CAT A M, 38 LA P A2 M FF B 405 0 R i A
S HE, AR C BN T ] 3 ok
THP Jir 5K R 20t 0 ILEE M 090 L2 8005 28 2= 3
P, DR RO RS BRSO LS S8 2 T
n] i I i 2 B R INK | cleaved caspase-3 £ 1 7K - |
JHE BCL-2 /BAX L3, MMk 36 THP B Bk i
SUEDNUEETE, ASCE R IE o THP Fr 82tk ol
FEPER R, WZE TRX XF THP Fr 8 2 vk .0 WL
PRI Co JIE ZR B O L T O DI RE | I O UL
SOD Fl MDA Uil 4H 279 B 2 JE 285 S5 8 AR R 52 1)
PRVT TRX X THP 350K B2k O WUEE PR B LR 4P HL
il BN HE— 25 TF K& il e T R S
eHs

1 #RfnrE

1.1 Wi

{5 2 H % SPF 2% Wistar MEPE KR, 60 B &K H
170~ 190 g, 1 Fil THAE AW EARA R F [ SCXK
(1L) 2015-0001 ], TFRF s AR 22 B b 2 24
PR =20 525628 [ TCM-2009-084 |, 835 MK 24 2524 B
SCHG B W e B 2 L & HE ME (2017 AR, BF SR
(20170503) ) , I m sl F Y 3R JEI 457 A
HERM, ZilR 25C XTI N 50% ~70% , 1)

WA FR R, B R AROK
1.2 FERKFSMNE

BL-420F A= WIHLAE 2 90 &R 48 (AR 28 W Ak - A
FRAFD) , &R E O (R DR B O
FR/\#) |, Nikon ECLIPSE 80i iF B W s ( H A< B i
ONH)  HLUKEERS A (€1 Bio-Rad 24 A]) , #li/KAX
ARl R AT BR 2 /) e EK A 2 A A ( 6
MD A H)) b KGR R G (Bl RBERHE A R
NI

il 58 7 T ( Troxerutin, TRX, 4fi & = 98%)
(J216120911) , Mg TVLI0 i 5 AT A M RHE A BR A
) s MEZE HE A (pirarubicin, THP) (17019911) , ) F
TRE TV B A BR 23 7 3 47 P9 W % ( Dexrazoxane , DZR )
(E1611042) W TVLIR BEERR ML A RA w A
LFYER I (CMC-Na) , 19T 135 4 1Ak 38500 A A
FLIR i U ( LDH ) 6 45 Ak ) B ALl (SOD ) | N %
( MDA ) 5550 65 0 1 ma t gl il A= 9 TR 53 T
JUURR 4t [ T ( CK-MB) (O WS R I (¢Tn-T) ik
BRRK ( BNP ) B G 22 A6 I ) 8, I P35 By e 2
YR By £ A7 BRZA 7] RIPA 24 % 3% . PMSF Iy T
Jemt il BRI ARA AR ECL K6 BCA
FEAERIRA &N T LGS A RAEY RV
Ft; AKT (4691T) 1 F Rabbit mAb Cell Signaling
Technology /A F] ,BAX (ab32503) , 4 F abcam 23 Al ;
Phospho-AKT1/2/3( AP0274) | Caspase-9 ( A10097 ) |
Caspase-3( A11021) . BCL-2 ( A0208 ) Ity T~ i 1% 2% 1
T AEYRHA BRA ] ILEPTR 196G BT RS |
WEEPT/N R 1gG B s BEPUARIE T st A2 A AW
HARGRATA .,
1.3 SLIEHE
1.3.1 ahsrd

¥ 60 FAENE Wistar KR (A 170~190 g) , B
MLor R 6 4, 420 10 H RIIE R 40 (CON) (et A
ZH(THP) A7 PR g+ 22 [ B2 40 ( DZR+THP) i
TER AR+ ST 4 (TL+THP) (i 5225 T v
FI -+ LA ZH (TM+THP) #5825 T & 5 5+l
F R4 (TH+THP)
1.3.2  sh¥4h 2y R i sh J1 24 b ke e

P BEARE L2, TRX K b e 4 R
TRX 7K 1 ¥ (25.50,100 mg/(kg-d)), HA4r 3
21 HVE B AR = 28K xR R K B Hp ik
5d, HEEEH 6 RAYHES J5, DZR+THP 415K 2
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#kE 5T 180 mg/kg (9 DZR, B #5 Bk v 5t 30 min
Jo , BRIE R 41K R 5 45 A R A SR K Ah AR 45
ZH R BB I 5 18 mg/kg 9 THP!™! | TRX k%
T 8 KL,

SIS EE WS AR AT O DI RR DN E | R
e FFAREG L, BB, I i M8 b 8t
FLIE WL 53 5 A7 308 sl Bk, Sk ot 25 4L, w0 i 476
NVEAR A7 A 00 i K BR E  FE e Kk R A R
A Z 38 2ok A2 Bl ok RN B s I N 22 0
2= R BL-420F AR HLEE S0 R 40, 2 50T
ML 7% A A2 2R 1 R KRR B A AL O E
J& AR E MY AT RO R A, REEA O E
W46 5 (LVSP, mmHg) | 72 0 % 4 OK &F 5K &
(LVEDP ,mmHg) | 220> % P fie K b T3 % (dp/
dtmax, mmHg/s) 2200 & N R 5 KT B % (-dp/
dtmax , mmHg/s) % Ifil 3t 2 J) 2= 46 br . ] B6F, 76 46
WLC D) RES B R 42 bR o R T 8607 %%, 4
Mro B0 HL B, SR 4E QRS P RE . Q-T | 4 0 R
(HR) Z0 N A B 25,

1.3.3  f5brfai

SRAESE ML Bh ) 2 B e R 3 B kL, =
TREE 1 h,3000 r/min B 10 min,%%miﬁo Kox
W 1fiL %% 7 MDA . SOD .BNP .CK-MB .cTn-T &% LDH f#4
T,

1.3.4  CZHZLONE R BRI E K H g 27 kG A

FREBUR BT, A A0S | iR B O 2 20
A PRER KU, PRG3R T
TR BRO F

KR E

P10 R O 2R R A7, HAR 4> 10% W
(pH 7. 4) H [ 22, & HA B AH U) 1, 95 K R -t
ZL(HE) Qe Bt
1.3.5 Western blot £l K F.CJJEZH 2 rf AKT | p-
AKT J caspase 5 HRIYFRIA

UKIREL 2 4 B 11 3 IO 7R 1 B 3 4 I A%
O L SR 1, BCA A 2R MR B, R 9 A
ZRUKIB Y L AER 51T SDS-PAGE SECHLUK , M55 1%
R % PVDF B L B AW E A 1 h J5, Western blot
— BRI B, & — DU B AKT (1 :1000) |
P-AKT(1:1000) , caspase-9( 1:2000) . caspase-3(1:
2000) .cleaved-caspase3 (1 :2000) ,BAX (1 :2000)
BCL-2(1:200) , 4CHE %, X H A Western blot

CWI = x 100% '),

PR RO B L, EIRE IR 1 h, W0 Eel
RACTAER 22 B HRAR R G0 ], R Tmage ]
AT HATIRBE 53T 6
1.4 Sit=E4aHm

K SPSS 16. 0 Geit-HA b FE s SLae 4k
PSP R bR 22 () FR , HHE PR IE A5 A
7 2255 RIS , 2 48 e R FH B R 2Ry 22
M1 (One-way ANOVA) , B 22 8] b B8R LSD £
59, DL P<0.05 NESAFITFENL,

2 BB
2.1 TRX ¥ THP FEXREEOANEEOHER
B0

SEHRAS G B R B BRI FR L, T
OIEZR%, B 1 575, THP \DZR K TL 20 KB Y.0
JIiE 280 %75 T CON 4 (P<0.05) ; TM \ TH £H K i)l
O E R B ST THP 20, H TH 2H 3008 5
i(P<0.05)

2.2 TRX 3t THP HFSHAREONFSERR O
A

KELOIHBESS J 7R, THP 41K FLK LVSP | +
dp/dimax 1 B F CON 41, LVEDP 3 & T CON
ZH(P<0.05), 5 THP 41AHEL, TM [ TH & DZR 41K
L LVEDP F# X, LVSP | +dp/dimax B & 7} (P <
0.05), H TH K BRUGEICR Rbr, W&k 1,

L JIE R B (mg/g)
CWI

VE: 5 CON HIL#E, * P<0.05; 5 THP 4 % ,*P<0.05; 5 DZR+
THP 404, 2 P <0.05,

1 TRX X} THP 55 KA MO MU CWI 52
Note. Compared with the CON group, * P <0.05. Compared with the
THP group, *P < 0.05. Compared with the DZR + THP group,*P
<0. 05.

Figure 1 CWI after application of troxerutin on

THP-induced acute myocardial toxicity in rats
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Fz 1 TRX X THP 51 SO NUEEE R RO TIREM IR (x4 ,n=10)

Table 1 Effect of TRX on cardiac function in the THP-induced acute myocardial toxicity rat model

2151 N & LEDELRFFHE A OENERK TR PNE DA Ty N N 3T
Groups (mmHg) LVSP (mmHg) LVEDP (mmHg/s) dp/dtmax (mmHg/s) -dp/ dtmax
IEH 4 CON 90.8+1.6 8.2+0. 1 5298.3+93.9 4983.3+77.8
22 L 2 4 THP 66.7+2.3* 23.1£2.0* 3214.0£55.8* 3320. 8+44.1*
TR e+ M3 HE R A i i i o
DZRATHP 70.4+3. 1 20.7+2.3 3999. 4+108. 4 3899.9+87.3
25 mg/kg BT + « w4 * *
W22 54 T+ THP 64.1£2.3 19.8+1.0 3598.7+127.3 3692. 9+86.1
50 mg/kg W T + i A o o
W22 HLE 41 TML+ THP 74.1£1.0 17.9+1.9 3997. 4+121.7 3825.8+101.1
100 kg AT+ .
me/kg HIFEF T 78.3+1.3*% 17.4£1. 6% 4442.0+118.9*# 4136.2+114.6 "%

ML b A2 40 TH+THP

T SIERALIEEE, * P<0. 055 5MLAE LR ALLEE, * P<0. 05 S AT HE+IE R L R AL LA, © P <0. 05,
Note. Compared with the CON group, * P <0.05. Compared with the THP group, *P<0.05. Compared with the DZR+THP group,*P <0. 05.

2.3 TRX Xt THP HFER RS CAZSERROE
oA

Y5255 72 h ARAER A TS0 HL 15 min,
FH BL-420F A= 155 R 48 W 45 410 % (HR ) QT
[} & QRS P AFHL A2 fLIE L, 5 CON ZiAf L,
THP 21K B QT [RIHAE K K QRS i B H 1R I 35
fR(P<0.05) LR85 (P<0.05) ; 5 THP gHAH L,
DZR 41\ TRX 40 K B0 3 B2 5, Hoep, T™
TH ZH 1% QRS P HFHL 3G 0 3, Q-T [ 4 k0 ( P<
0.05) ,JLLL TH A CERCR IR, W3 2,
2.4 TRX 3t THP FSMAEOMFIHEXROAN
EE:E'I‘_%H’JE'HI']

WA, 53 25 0 I 4% B R & B 5

PRI AL H LDH . CK-MB _cTn-T #l BNP 7KF | 45
R, THP 44 KB 3% o LDH CK-MB , ¢Tn-T #l
BNP /K # % T CON 4 (P<0.05), 5 THP 4

AHEE,DZR 21 . T™M A1 TH #] . 3 F# Ik LDH  CK-MB ,
¢Tn-T .BNP 7K ( P<0.05) ; TL ] i ZFEAE ¢Tn-T,
BNP [7KF-(P<0.05) ; 5 DZR ZAAH L, TH W] 4 3
A ¢Tn-T 1 CK-MB 7KF ( P<0.05) ; TL 411 T™M
ZHI B ETRL ¢Tn-T(P<0.05), TM H1 TH £H 2%
WL & S RO e, WLk 3,

2.5 TRX X THP FESM AL SEXRE
SOD MDA & E&

K RIS , 73 85 137 -4 BRG0S0
EAGI M B SOD A1 MDA fO& &, 45 R BR, 5
CON ZAH L, THP 2H K Bl i Hr SOD % 1% % it 31
i E RN (P<0.05) , MDA 9 & i B0 2 7 &5 (P
<0.05), 5 THP AL, DZR 41 \ TRX £ 5= 403
A i 2 THE SOD /K- ( P<0. 05) , A MDA 7K5F-(P
<0.05) , H:H,T™M F1 TH k3% SOD MDA A 7K
MR EAE, W4,

Fz 2 TRX Xt THP 35519 Stk O WUBEPE R BUO LRI (225 ,n=10)

Table 2 Effect of troxerutin on electrocardiogram of the rats with THP-induced acute myocardial toxicity

5 QRS B HEH RN Q-T I DR
Groups (mV) QRS (ms)Q-T (/43)HR
=g
EC;\’IE 0.38+0. 13 63. 50+5. 56 465. 6216. 4
1 1] . .
HELEA 0. 07+0. 06 ** 81.56=7.78 ™ 361.0=13. 4™
THP
tmwﬂﬁ‘*ntt? Ltﬂcliéﬂ sk ## ok sk #H
DZRTHD 0. 13+0. 09 77. 86+6. 36 407. 6100
25 mg/ke 177 T+ ¢ ,
me/ ke 1 EFT T+ 32 L FR AL 0. 18+0. 07 ** #* 77. 60+5. 68 372. 0= 14, 7 ##
TL+THP
50 mg/kg B TE 2 T+ SR b o B o fHh ok
TV THD 0.28=0. 09 72.9124. 67 413.0+15. 8
100 k P R R L
me/ ke ST T+l 2 0.26+0. 117 65. 40£5. 46" 425. 0221, 0 ** ¥
TH+THP

T HIEEAH LR, * P<0.05; 5 R L EH LE,#P<0.05;

Note. Compared with the CON group,

AWML LR A LA, 2 P <0. 05,
* P <0.05. Compared with the THP group, *P<0.05. Compared with the DZR+THP group,*P <0. 05.
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&3 TRX X THP 55 (9 Gk O UK BLO WU PE R SE I (2£5,n=10)
Table 3 Effects of troxerutin on the levels of LDH, CK-MB, ¢Tn-T and BNP in the THP-induced acute myocardial toxicity rat model

215 LI M PR ) T il DU EA T Jiki 4 K
Groups (U/mL) LDH (ng/mL) CK-MB (pg/mL) c¢Tn-T (pg/mL) BNP
IEH 41 CON 10531+3737.0 17.13+1.98 364.99+22. 59 280. 80+23. 44
MEZE L 2 40 THP 19882+5375.9 * 34.05+3.00 " 593.95+14.93 " 355.41+30.80*

AR+ 22 e 22 DZR+THP
25 mg/kg M ZE /s T+ FE LA 4
TL+THP
50 mg/kg HH 5E T +ILSE LA A
TM+THP
100 mg/kg M5 T+t 32 e A 40 TH+THP

8119+2228. 1*

14489+796. 7

11083+4099. 1#

10793+4266. 6%

26.26+1.06** 517.11+21.30"* 298.21+29. 46*

28.66+2. 55 463.97+18.07 ** 292.93+17. 47%

25.92+2.09 % 431.40+19. 04 **A 261. 06+27. 10**

22.41+1.83*# 401.41+38.14*# 252.85+21. 03"

T HIEWALLLEE, * P<0.05; 5 UL AR, " P<0. 055 5ATPE G+ L2 LL R ALELEE, # P <0. 05,
Note. Compared with the CON group, * P <0.05. Compared with the THP group, *P<0.05. Compared with the DZR+THP group,*P <0. 05.

F 4 TRX X THP 30 2k L HLERPE R B SOD MDA & 520 (245 ,n=10)
Table 4 Effects of troxerutin on the levels of SOD and MDA in the THP-induced acute myocardial toxicity rat model

419 R T P
Groups (U/mL)SOD (nmol/mL) MDA
R4 CON 92.27+1.23 4.55:1.63
IS 12 41 THP 83.19+3.91* 8.33+1.30"
P TE e+ 8 2 L SR 4 , .
DZRTHD 94. 43+5. 05 7.21%1.50
25 mg/kg HHFE RS T+ SR HOE A R N
LA TP 89. 56+4. 89 6.94+1.25
50 mg/kg MFE T +ALE LR 2H . “
TV THP 90.29:+4. 03 5.10+1.49
100 mg/kg Hi 707 T+ 14
me/kg ML T+ Ze t R4 90.92+1.59 ** 4. 4320, 93%

TH+THP

e SIEHHILE, * P<0.05; 5L LR M L, *P<0. 05, 5 A TITNE+ML T LA IEEE, © P <0.05,
Note. Compared with the CON group, * P <0.05. Compared with the THP group, *P<0.05. Compared with the DZR+THP group,*P <0. 05.

2.6 TRX Xf THP SR OCNEZEXRA O
A RREFLT

CON ZH.0 JULET 4EHRS 8 55, O WLAR i TC 28 4 2
B THP 2H B HS BAS [m] A A0 AL 40 i A K
INFE , 6] Jo 2 st 435 4 20 40 A 0 LET dE 4t |
24 BESUER] . DZR 20 LS 2 HE 51 35 R 85 5% 5 )
JBT RS L/ i PG D 21 A 1 A PR o LT 24 R 371 A
ST, TM R TH AL B 5F , B DL/
JRE R 2T A A M, 38 430 LA A o B 22 40, 0 L
R AEH AR W BRI AN, LK 2,
2.7 TRX ¥} THP S KR 2 0MEZHEOMA
LAEXEBEBKERIERF T

AL F R SR 25 R b, it vE T R
UGS THP i B0 JJLRE AR B B f:, Rt 8
# CON ,THP .DZR+THP ‘TM+THP 'TH+THP %% 5 #H
AT HE H LN (Western blot) .

LRI TR W], THP B AKT 8 R 1E 7K F- 42
1%, IR, caspase-9 | caspase-3 , BCL-2 M%) 2% 15 7K - [
&, 1 [ 17 cleaved caspase-3 . BAX & [y Fik, N
A TRX VEFHE, AKT ﬁ;’%@ﬂbk%ﬂ?%, caspase-9 |

caspase-3 . BCL-2 f) & & Ft 5, T I cleaved caspase-
3.BAX iR, WA 3,
3 g

ML L AL T B 2 R RO L 1 3 o R B
e (1) ML 3 71 %% 5% . LVSP | +dp/dimax R I,
LVEDP {5 ; (2) 0 UL H BUAS [7) R B2 60 JUL 40 it AT
KRB, 18] i S 45 4 AL R 18 A o0 LT A
Wigd KGO (3) I & ' LDH, CK-MB  ¢Tn-T,
BNP O LR £ Tk 2 T4 THP i BOK B I
iR AR <2 = AN IR || KA E A B S A N o
BRAT BT AR S0 2 AR RIS % B T 38 5% THP
B 2k K RO WLEERED | TR, B A OGSk
LU TRX H A ML AP 7E . Shu 2 T 150
mg/kg TRX Tt &b 3 | K 0o UL SR 1L/ P 08 0 S A
ERERIAU A H, TRX 40 B0 K B LVEDP & 2%
A, LVSP | +dp/dimax 3% 7t /5, TRX Fi4h #
R LA 2 1T B, 3 0 W ) 8, T B A LR
W (CK) , KRR RAILE RN (AST) FIFLBR I R
it} (LDH) [7KF-, ABIEFE WSS TRX & 7] & X THP
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EHA w4 AW LR R R
CON THPA DZR+THPZH
25 mg/kg M 505 T itk 2 50 mg/kg M58 25 T +E SR L2 100 mg/kg fh 58 79 T HIb R LA
TL+THP TM+THP TH+THP

2 TRX X} THP i S0 ILEE MK BRSO AL U E H (HE Be£h,%200)

Figure 2 Effect of troxerutin on the THP-induced acute myocardial toxicity in the rats

A T2 3 4 s B s c .
Pro-caspase-9 ™ s ‘ .! 46X10° é . g’
Pro-caspase-3 & h' - - 35X 103 % . " %

Cleaved caspase-3 17x10° 3 0.5 g
Bol-2 Wl === & 56X 10 E
Bax _

56X 103

GAPDH ”-”- 56X 10°

D E F
1.5 2.04
o] o]
o] *HA a
§ Lo ) §0‘4 ) *H# g 1.54
g 0% . £02 R 054 *
£ E -
0.0 " Zoo > re < ’ 0.0 & y < <
N & % A N N
e & & &K it A O S o e & Fs LK
s & B B LS Fe L By B LS ¥y S B &
CES & S S8 CEFS o ‘i’}&& o8 TEFS W °‘§§ Ea
6%&&@%&& 66@&\@@& 99@&\@@&

L EH R A RESANEARSLKH,B.C.D.E Ml FLES5 P-AKT/AKT , Caspase-9 , Caspase-3 . Cleaved Caspase-3 and BCL-2/BAX 4525
XIREEAE . SIERALILEL, "P<0. 055 5L L RLLILEL, " P<0. 055 AN EREALLLEL, © P <0. 05,
B3 TRX X THP i R B A MO IR H IR KK A2 (n=3)
Note. A in the figure represents a band of each protein, and B, C, D, E and F represent proteins P-AKT/AKT, Caspase-9, Caspase-3, Cleaved
Caspase-3 and BCL-2/BAX, respectively. Relative gray value. Compared with the normal group, *P<0. 05. Compared with the pirarubicin group,* P<
0. 05. Compared with the dextromethine group,*P <0. 05.
Figure 3 Effect of TRX on the expression of various proteins in the myocardial tissues of rats with acute myocardial
toxicity induced by THP
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Figure 4 Schematic diagram of the protective mechanism of troxerutin against acute myocardial toxicity induced by pirarubicin in rats
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