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JULE% 8 [ 1( cardiac troponin, ¢Tnl) i 2 457 , .0 ILZH 20 S B b i 38U 28 , SR 90 Sl R Pk 40 g #29i ; OPS0 &2 OP100 40
H LDH (CK J Tl W35 T 9, O LZH 2055 #EAE AL I i i 5 (P < 0.05) o WO JILEHZ T, Mod 20 79 — % ( malondialde-
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Protective effect of oligomeric proanthocyanidins on the exercise-induced
myocardial injury in rat and its mechanism
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Abstract : The protective effects of oligomeric proanthocyanidins (OP) on myocardial injury induced by long-time and inten-
sive exercise and its potential mechanisms were investigated in this study. Wistar rats were subjected to six consecutive weeks
of excessive swimming exercise training,in which two groups were gavaged with 50 mg/kg OP ( OP50 group) and 100 mg/kg
OP (OP100 group) daily,respectively, the model group ( Mod) received an equal volume of saline, and the normal group
(Nor) was used as control. Results showed that the serum levels of lactate dehydrogenase (LDH) ,creatine kinase ( CK) and

cardiac troponin (c¢Tnl) ,the common markers of exercise-induced myocardial injury, were significantly elevated in the Mod
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group,and myocardial tissues showed obvious pathological morphology, and a marked inflammatory cell infiltration. In the
OP50 and OP100 groups, LDH, CK and cTnl were significantly down-regulated, and the pathological changes in myocardial
tissue were significantly reduced (P <0.05). In the Mod group ,malondialdehyde (MDA ) increased significantly in the myo-
cardial tissues,the antioxidant enzymes glutathione (GSH) and superoxide dismutase (SOD) decreased ,and the nuclear fac-
tor E2 related factor 2 (Nrf2) / heme oxygenase-1 (HO-1) (Nrf2/HO-1) signaling pathway was inhibited. In the OP50 and
OP100 groups, the level of GSH and SOD was significantly up-regulated, and the expression of proteins in the Nif2/HO-1
pathway was significantly increased (P <0.05). The levels of inflammatory indicators, tumor necrosis factor-o( TNF-) , in-
terleukin-6 (IL-6) and interleukin-18 (IL-18) ,were significantly increased in the Mod group,and the expression of key pro-
teins in the thioredoxin-interacting protein/NOD-like receptor thermal protein domain associated protein 3 ( TXNIP/NLRP3)
inflammatory response signaling pathway was significantly increased. The levels of the inflammatory factors were significantly
down-regulated in both the OP50 and OP100 groups,and the expression of proteins in the TXNIP/NLRP3 pathway was signif-
icantly decreased in the OP100 group (P <0.05). In summary, OP supplementation has a significant protective effect on ex-
ercise-induced myocardial injury in rats,and this protective mechanism is involved in enhancing the myocardial Nrf2/HO-1
antioxidant pathway and inhibiting the TXNIP/NLRP3 inflammatory response signaling pathway.

Key words : proanthocyanidins ; exercise-induced myocardial injury ; oxidative stress; Nrf2/HO-1 antioxidant pathway ; inflam-
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TERUME o STAER, B ] — L8 R AR 7 Wy [T A 1470 41k
FATARAFF R i 151 20 3 O U R v
FERYRIAT 7 22120, A AT ™ S A 4R R
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210 g,y A KAEFTACH S5 S Y HARA BRITAE L 7
(LB V5 ATHIE 5 : SCXK (7% ) 2020-0002 ) , #:AEFF &
SR E YA PR (R R I B AS PR 5L i
e, HE S YNU2022115)
1.2 ZYRIRF

JEAETE % (L =95% , L5 : S30598 , [ ¥ IF
A= YR A BR A #]) 5 9 i ( malondialdehyde,
MDA) 4+t H ik (glutathione , GSH) | 48 1k 4y B 1k
fiff ( superoxide dismutase, SOD) | AJL iR i [ ( creatine
kinase , CK) A& I 320 751 & (4t 5 73 51 2 . A003-1-2
A006-1-1 ,A001-1-2  A032-1-1, 45 5T # /= 4 T REAIF
LA R T LR It Z( 1 (lactate dehydrogenase,
LDH) ($it*5-: C0017, g3 = KRAW TRA R
7)) 5 D LILES 8 H 1( cardiac troponin, ¢Tnl ) 6 2
& (45 ml037292, |- i Wl Bk A= M BH A R 2
H)) 3 g SR FE I F-a (tumor necrosis factor-oc, TNF-
o) HYAMEA 2 -6 (interleukin-6 , IL-6 ) . F 40 1) 2% -
18 (interleukin-18,1L-18) ELISA £l i{50 & (4t 543
524 :438204 431307 .503505 , Biolegend A= ¥Rl 45 H
FRZ D) 5 IR RS AL 8 o (adenosine 5 mono-
phosphate-activated protein  kinase, AMPKa ). p-
AMPKar Nrf2 (HO-1 25 222 > It 22 R 12 4 Bl A 1 1
3E ( glutamate cysteine ligase catalytic, GCLC) \TXIP |
P BEERR G AR TR FK AR 1 (eysteinyl as-
partate specific proteinase 1,Caspase 1) |, H 185 -3-%
1% Wi & fi ( glyceraldehyde-3-phosphate dehydrogen-
ase, GAPDH) HiifA (H1t*5 7351y : 25322535 20733
43966 ,52183 14715 83383 2118 ,32 [F Cell Signaling
Technology A RS 7l ) 3 IL-18 (41t 5 . BA14789 , (71X
A TRABRAR]) ; JE 58 P Ad 5 1
( Non-Q-dependent Reductase, NQO1) . NLRP3, [ 41

A2 -18 (interleukin-18 ,IL-18 ) HTi& (HL 5251 4 -
67240-1-1Ig .68102-1-Ig ., 10663-1-AP, 7 = J& £ 4
FEARARAF) .
1.3 7%
1.3.1 HZFEFHEERH L

Wistar K FR 48 H, 7E1H IR sh ) L 10 4 57, il
JE(23 = 2)C, SegeiiE & H 12 h SEIE4ERF B AR
W, A K, IR EERT G S sh Y P it
ZOR . KRS R 1 G, 647 3 Rk
NEPEWEDK ISR, B R YN 2 20 min JIRAIE A, Fifi
JEHs 40 HOR B, BEHL A3 1 4 41 : 1E % 40 (normal
Nor ), #% % 2 ( model, Mod ), 50 mg/kg OP ZH
(OP50) ,100 mg/kg OP 44 (OP100) , &4 10 H, H
ORISR . B R R R B A —Ik, 1k
TR L KB % Yang 755 s,
OP R FHIRZWMES 7, K OP B R A & A
0. 5% 2 W BL 21 4E 2 4l ( CMC-Na ) 1) A BER K v i
B TR R, IR HE AN FE 40 i e TR 20 i, OPSO0 2 422 {4
FHEE 50 mg/kg FH ) OP,0P100 £ #4214 i 3
100 mg/kg A OP, 3 H AT R 5 mL/kg, Nor J
Mod 13 B %555 0.5% CMC-Na B4 3Rk

Fe IR 1 122 HE, Nor ,OP50 2 OP100 2 7F
Rk 24T 6 JEIE UK I 2 , W& DI s ] 1Y
WA N ZRmTH B ISR 1 L HE R W 1Y, 45 5]
YNk 6 d, =, 1 ~3 JEYIZRIHE H 3,4 ~6 &,
YIGRH A B 0, a4 3 R — ™', i
W FIAE A :1.5m x 0.8 mx 1.0 m, /KIEHK 0.5
m, 7Kl 30 ~33 C, JKk i N RESEI
1.3.2 s . K I R BA B A8 AR M

e — NG H G, H 2% J3CEL L2240 R e
K IFTIE E sk A1 5 mL, Hil& 1055, &,

=1 XRIEKNEHTR

Table 1 The program of swimming training
YIZRI K Length of training( min)
J%':_]‘(j_'\ ol vand oy

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
1 20 30 40 50 60 60
2 70 75 80 85 90 90
3 95 100 105 110 115 120
4 120( +1% ) 120( +1% ) 120( +1% ) 120( +2% ) 120( +2% ) 120( +2% )
5 120( +3% ) 120( +3% ) 120( +3% ) 120( +4% ) 120( +4% ) 120( +4% )
6 120( +5% ) 120( +5% ) 120( +5% ) 120( +6% ) 120( +6% ) 120( +6% )

TE A% 5 W 8RR/ N O E WDk I 2R 5 5 A SHAE A L]

Note ; Percentage in parentheses indicates the ratio of the weight carried by mice during training to its own body weight.
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FIFH Excel K40 SPSS 25. 0 i#£47 £ 4 ) %% 3
MGt o, R HH KI5 225387 (One-Way ANO-
VA) L BT Z 4 i 22 5, Student ¢ A5 55 53 BT P
IR 5 e BT« BRI 22 (x
+s) K, P <0.05 FREFAGFI¥E N,
2 #RE5ite
2.1 FEHFBEXMARZIECANBRGHRPIER

WA 1 iz, M8T Nor 41, Mod 41 1L 3% 710 JUL
Bifibric ) LDH CK K Tl /KF-34 8 3 1T+ (P <
0.01), OP 4bFH )5, #HELF Mod 41, 0P50 Jz OP100
Ll L 3 Ao B idnic 3 B & TR (P <
0.01) . L LHZIYAALE R R, Nor 41 H 0 LA 4L
FEAIEH , K H A B2 35, Mod 413840 ILEF
HE P AKARTE O LAR M HESIAS LN IF ) BH 56 P i
(W 2), OP 4bFHJ5, 4T Mod 41, .0 LG HLIE
AR B e, Jo R AE OP100 41, 41 i HE 51 6L
W AT IER (WE2) .

o

cTnl (pg/mL)
w
=3
S

> Q N
L &
o‘l\° S A

| BEBEREMKRIENMEOIIRGIRIE YA TR EM (x £ 5,0 =10)
Fig. 1  Effect of OP on the levels of markers of exercise-related myocardial injury in rats(; +s,n=10)
W5 Nor i1, ™ P <0.01;5 Mod 4 1k, * P <0.05,* * P <0.01, F[dl, Note:Compared with Nor group,™ P <0.01 ; Compared with Mod
group, * P <0.05, " * P <0.01,the same below.

H2 EREEMEDOIERGA RO IARREEL N ZN
Fig. 2 Effects of OP on histopathological changes of exercise-induced myocardial injury in rats
VR Sk TS X ek B S A AR . Note : Significant inflammatory cell infiltration was seen in the area indicated by the arrow in the figure.
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Fig. 3 Effects of OP on MDA ,GSH and SOD levels in rat myocardium after overexer(:ise(; +s5,n=10)
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Fig. 4 Effect of OP on the protein expression of Nif2/HO-1 pathway in rat myocardium after overexercise(; +s,n=10)
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Fig. 5 Effects of OP on the levels of TNF-a,IL-6 and IL-18 in serum and

heart tissues of rats after excessive exercise(x +s,n=10)

2.5 REHBFEMNTEEIENEKR OIS RKE RN
TXNIP/NLRP3 1% & B B9 221

WKl 6 iz, Mod 4.0 LA £ TXNIP/NLRP3
RAE(E S TXNIP NLRP3 | Caspase 1 IL-18 }%
IL-18 Py HRIAEIY B E =T Nor (P <0.01),

1M OP 4bFHJS , OP100 41, i S SC A 1 ) R 3k it
P ZETFH(P <0.01), {H24H 50 mg/kg ¥ OP
AbFER, OPSO 2H 14 TXNIP IL-18 K 1L-18 fy 7 14
FRERETH(P<0.05),

B
2.0
##
=
2 15
<
<}
% 1.0
~
A o E o5
« o« Oq‘:“ 0\3\“
0.0
TXNIP | s — =
| :
S
N | ——— | C g
=
Caspase |
$ > N O
IL-18 R I
IL-18
F
GAPDH
#H
=
E 15 %
<
5 S0 e
2 154 2
| 0.5
3 1.0 -
) $ O\
S os i v\qb 0‘2"’“ OQ\Q
0.0
$ Q N
< “@b & 0@°
B 6 EBEHFEIITEIEZNFERBOAF TXNIP/NLRP BEREARZEZENZMMN(x £5,n=10)

Fig. 6  Effect of OP on the protein expression of TXNIP/NLRP3 pathway in rat myocardium after overexercise (x £5,n =10)
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