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Protection of crocetin on myocardial ischemia-reperfusion injury in rats
KOU Xin-hui, QIAN Zhi-yu
(Department of Pharmacology, China Pharmaceutical University, Nanjing 210009, China)

Abstract: Objective To study the protection of crocetin on myocardial ischemia-reperfusion injury
and the possible mechanism involved. Methods Infarction model: Coronary occlusion was maintained for
45 min and reperfused for 180 min to produce infarction model. Creatine kinase (CK) and lactate
dehydrogenase (LDH) activity in serum of infarction groups were analyzed at baseline (before ischemia),
5, 60, and 180 min after reperfusion. Stunned model: Stunned model was achieved by ligating the left
anterior descending branch of coranary artery for 15 min. Na*, K*-ATPase, and Ca’", Mg®*-ATPase
activity, total adenosine content (TAC), and energy charge (EC) in ischemic and nonischaemic myocardial
tissue and malondialdehyde (MDA) in serum of stunned groups were analyzed at the end of 180 min of
reperfusion. Haemodynamic parameters including heart rate, left ventricular end-systolic and end-diastolic
pressure, ejection fraction, maximum and minimum dp/d¢, maximum and minimum dV/d¢, and stroke
work, were monitored at baseline, 5, 30, 90, and 180 min after reperfusion. Results Crocetin could
attenuate the infarction ratio, relieve stunning in a dose-dependent manner, and decrease the CK and LDH
activities in serum. Crocetin (50 mg/kg) could improve the heart function, ameliorate myocardial stunning
degree, and increase the level of ATP and EC in myocardial tissue. Conclusion Crocetin could protect
myocardium from ischemia and following reperfusion, then prevent the myocardial infarction and relieve
myocardial stunning. The underlying mechanism may be partly attributed to the improvement cf energy
restoration and free radical scavenging effect.
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1.1 {{#8:Millar MIKRO—TIP SPR—886 % &
H-hBRL3E (EEX$2AF). BIOPAC MP—
100 £ 5 4 W ig & (% E BIOPAC 2 A).
Shimadzu 2010 CHT HPLC (H A & @ A #).
Thermo BtR{Y (EEMBAFD.,

1.2 ARSEN- AR AESE=98%,
HPLC %Mi@), BEH. F 0.5% REEAFHEEMN
(CMC-Na)+5% NaHCO, B BB, LMW 2w
(LDH). B %8 (CK).Na*, K*-ATP E§.Ca*",
Mg**-ATP B§{& ¥ A R W — B (MDA) #ll & i #
EHBERERRAEDENERAERE., ATP.ADP
M AMP 45¥E 5 B Sigma 24,

1.3 3%:108 RIkFRE N 250~300 g f i 5%
# SD KR, iR F R IR SR R,

2 HEEER

2.1 BHFE BFEAARNEMNARRET KNG
£F 0.5% CMC-Na; 4 25 4 72 AH L 48 2 B 1] (R
M1AF 10 min, H#FT 10 min HEH/E 5 min) £ F
WOAHM, 4 HPLC MEiEWHE T _HKBAT
0.5% CMC-Na+5% NaHCO,R BB #Hl /0 F 4 7E

B 10 min [FRILAKT M 25 W a0 ed (.

2.2 BOHBRMIKROVEFRARPER KR
54 RLEAHLA A CDBRMAT 10 min A4 GRAH
NHBFARABERAMBAER 12.5.25.50 mg/
kg FIRA,BH6 R); (1B 10 min 4254
(BHEB NEM AN LR 50 mg/kg FIR4H,
BH6 R);(I)H¥ER s5min B4 (ZHARHN
ERIEMFIAER 50 mg/keg FIBAH . H4H6 ). F
AREH K RO B2 57X 7R3k (LAD) 45
min, B E 180 min HEAOVUEFEERD, [ H L
B F kM BT, B 5.60.180 min J5 iR IE B , I
ifi ¥ CK #1 LDH 554 . 4K BRI & L B 45 3 47
ELERREL, 1.1, DHKEEERE KNS
Bk, B iv $3CRE BUC I AR HETIR 1 mm B
EW#ER MR ATFHAESRRER CRBRRE
BHRE). MEET 1% HEALZFE M AW
(TTC) ¥k ,37 C FTHE 15 min, KB ZHEAR
OHBERPEE 30 mn . HE, HTFHEHEE
B GRERREOEHRE) . AR . ERR=
BRER/fARRERX100%, HEBEER,Z8N
#2,

®1 BAEHRMOPETLSI AR AN CK #1 LDH FHMHEW (s, n=6)
Table 1 Effect of crocetin on serum CK and LDH activity of myocardial infarction model rats (x+s, n=6)

a3 i/ CK/(U +mL™1) LDH/(U + mL~1)

(mg+kg™!) Sy A% 5 min H# 60 min M 180 min 13 8:0 FHMS5mn HFXE60min  FHM 180 min

BFER - 33.20+3.38 33.71+3.32  34.21+3.49  34.4413.83 6.824+0.59 6.95+0.67 7.0440.69  7.0840.76
) - 34.0243.17 36.041+3.28%* 43.384+3.79%* 46.41+4.07%% 6.8040.63 6.98+0.65 8.46+0.62%  9.8040.57%%

BmaE®  12.5 34.1014.34 36.16+4.41  41.63+4.21  45.85%5.75 6.8240.87 7.2740.89 8.01+0.83  9.17+1.15

25.0 33.5745.34 35.7245.57  38.26+5.33*  42.16%5.15*  6.71+0.59 6.7940.61 7.65+0.53  8.43+0.54*

50.0  33.12+2.01 34.35+2.06  35.98+2.36** 38.01:£2.11** 7.01%0.41 7.2440.42 7.5440.45  7.9740.44*

5BFRAKE: *P<0.05 **P<0.01; HHEHIMAWH. *P<0.05 **P<0.01

#P<0.05 **P<0.01 vs Sham group; * P<0.05
¥ AAEMTELEMNENKRONERENRPEA
(xxs, n=6)
Table 2 Protection of crocetin on myocardial
infarction of rats administrated

at different times (x+s, n=6)

LHUETER/%
MR/
BY e, | ORME TGN IERE
T omin %) 10min &%) 5 min &%)
2 - 60.014. 4 59.845.2 57.345.0
wak®m 125 54.243.4 - -

25.0 48.4£3.0" - -
50.0 36.54+3.1" "% 45.04+4.3°8 54.74£3.5
SEAHE. "P<0.05 **P<0.01; 45 25mg/kg A

RS *P<0.05; 5XHHK.4P<0.05
*P<0.05 **P<0.01 vs model group; *P<0. 05 vs 25 mg/

kg crocetin group; 2P<C0.05 vs I group

* * P<<0. 01 vs model group

F1ZRRPHMAT 10 min BFHIER, B
ME S FE M 60,180 min B, 17§ CK E# B ERKF
BRE,MmE LDH EHTEEABERTHEY
4, BRIATA TR LM 25.50 mg/kg T AH B4
it R O HUEREE (P<0.05.0.001), FB-IEH]
10 min 44F 50 mg/kg HBAHEBEEHR LD LIER
# (P<0.05), B¥G 5min AHANERERE
St B, SMAT 10 min FIFEEERT 10 min 4
T 50mg/kg BABREEREBERTFHER 5
min $HZHH, RE2.

2.3 BAXBRYAROUIENELECELRKS S
FHEEROREER AR 54 R, BV K (A B
AT 10 min AHA ZASABFARA EHAM
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FLIIERR 50 mg/ke FB4, B4 6 R), (B)EMEA
10 min A4 AP ABFARAA BEHAMAEL
M 50 mg/kg M B4, EH6 ) M (C) BEF S
min HHH (ZAFPABFARAARBANALIE
M 50 mg/kg FIBA,B846 D). BFONERLER
F1 50 mg/kg B LALLM HUE SEROR BAF, B KA
AR LR A% 50 mg/kg AIBAREAILR
XA FRREER. FREGHL KR LAD 15
min, B 180 min RO DUTME BT, R E
£4 (AB.O) FHBFRAAKRRN K KRTF
R AT A, E# 5.30.90.180 min FME LK. £
OERKREE . FRE,H LS BRXEBPEL
FEAETHER (£dp/d) , BRERBAELER
B ER (£dV/d) MEHED, SR R%E3~5.

SR AT 10 min A 250 AR B E R E HHE 30,
90,180 min B LEREFKE. £dp/de. £dV/
dt MBI, WAL B EREFE 90,180 min
EOSHBAEE. BEY 10 min HATUHRBEY
E M E 30.90,180 min B K +dp/de, A B E
M#FFEM 90,180 min BHEY +dp/d: FIEHEY. B
Sh BRMATMERENAHETURBENEBARE
5 min Bf 22 0 B AEFIKEE . £dp/de, dV/dt 7%
BYMEAE. FEERANR D ELEFE 90.180
min i +dp/d: fl £dV/de. R, B EXEHHE
30 min BHEY +dp/de. £dV/d: FsEHTh, BLATA
BEREMNALGHL, FNREHESEZEBAE
G BECHEEENAASEEEAAMEEL, &0
KN %SHZEBERITER L.

%3 LR (S0 mg/kg) BRMAT 10 min KX A RFEN RO KA HEHEE Gts, n=6)
Table 3 Effect of crocetin (50 mg/kg) administrated 10 min before ischemia

on haemodynamics of stunned heart of rats (x+s, n=6)

DR/ WEE/ HRE/ (+dp/dr)/ (—dp/dr)/ (+dv/dn)/ (-dv/do/ B/ &85/
i (K emin~!) kP2 kPa (kPa+s™) (kPa+s—1) (mm? +571) (mm® +5~%) % (kPa + mm?3)
B RaW 345420 16.440.9  0.2940.09 1368433 1004%27 65244171 6213172 20.56+2.82 1802476
B 15min 351425 14.84£0.9  1.4240.14 1299443 968434 6 2424201 60514164 21.3943.17 1615472
BESmin 361430 129407  2.25£0.20 1104445 890429 51553267 49474213 21.03£3.44 1313476
AR 30mn 367430 120407  2.2110.29 1042447 851432 4 8654287 46711227 19.0843.30 1198485
BH90min 368433 11.3£0.7  1.9840.27 1021146 834432 47504273 45324214 19.1242.93 1138481
B# 180min 367431 11.3£0.7  1.8940.26 1003445 816430 4 636275 44054223 19.68£3.58 1092470
BAER B 356+22  16.940.8  0.25%0.11 1353431 1002435 63974133 6 140+177 3.2643.73 1773483
B 15mn 360423 15.34£0.8  1.01£0.11 1293443 959433 6 2494208 60184188 28.85+3.43 1588486
Bl Smin 366432  14.040.8  1.31£0.09%*  1240446** 939+32% % 5828+281**  55484£219* "  25.5843.34 1468+82* "
HE0mn  37E31 136407  L19£0.13%% 1 2084457 % 921429%%  5690+284%*  53374238%%  22.6143.47 1402466%%
BEXo0min 369432  13.040.8% 1.0740.18%%  1188+46%% 904+28% %  55714279% % 51774210%%  22.2843.3¢ 1354£79%%
B 180 min 369432  13.040.8% 1.08+£0.02%%  1171444% % 889+30% % 5470£284%*  S0451250% %  22.8044.74 1380£72% %
HHLERTESENAN N LS BUELELE: *P<0.05 **P<0.01; SHEMAKE. *P<0.05 **P<<0.01; FEHA

* P<<0. 05

Tables are same

* * P<0. 01 variation of hemodynamic parameter vs that of model group; *P<0. 05

## P<0. 01 vs model group; following

4 BHAELR (50 mg/kg) BAY 10 min LERKBFN RN FHNLHEER GLs, n=6)
Table 4 Effect of crocetin (50 mg/kg) administrated 10 min before reperfusion

on haemodynamics of stunned heart of rats (x%s, n=6)

" L%/ BEE/ HRE/ (+dp/de)/ (—dp/d)/ (+dv/d/ (—dv/de)/ HaA%/ g4/
" (X +min~1) kPa kPa (kPa+s™1) (kPass™1) (mm® ¢ s71) (mm® » s~1) % (kPa * mm®)
Y Bum 329422 161412 0.2240.08 1427437 1025424 6 6804168 6073+133 30.5943.53 1627460
BN 15min 337423 146413 L1540.07 1363431 982429 6 374£199 5 8894255 28.0843.58 1563483
F#Smin 344120 128412 2.2540.20 1179442 905432 51624145 4 8774289 22.4542.91 1413387
Bl 0mn 349424 1L8+1.2  2.2020.34 1113448 860430 4 8821165 4611257 20.654+3.10 1265475
B¥ 90min 349423  11.341.2  1.99%0.43 1095446 841431 47631239 45234256 20.4543.82 1163470
BE180min 349421 11315  1.8640.43 1086443 834129 4 6964236 44531247 20.1943.61 1000455
P2 B3V 330426 16.4+1.3  0.3040.08 1392435 973414 68124120 62024192 31.4643.84 1662169
Bl 15min  336+£26 149413  1.1740.15 1329436 938431 6469%114 6 0464206 29.4443.95 1587475
E¥Smin 341428 137417 L7840.21%*  1225441%* 915429 5801+153** 54684283  26.1943.94 1504+76°*
A 30mn 345425  13.441.7  1.8440.36 1186453 884430 5660+132% % 52574297**  25.1543.85 1435460°
BA Omin  34542¢ 13.8%1.7  1.7940.21 1177+40% 864429 55084229% %  5189+298% %  25.28+3.34 1359476%
B# 180min 346+24 141119 1.6840.20 1166443% 848+ 30 551442177 % 5 1464283%%  25.1143.55 1309164% %
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5 HALE (50 mg/kg) BRE 5 min BUHXRBED OB OFNNFHEE (cLs, n=6)

Table 5 Effect of crocetin (50 mg/kg) administrated 5 min after reperfusion

on haemodynamics of stunned heart of rats (x+s, n=6)

" LE/ ['¢4:9 FRE/ (+dp/d)/ (~dp/de)/ (+dv/d/ (—dv/de)/ A%/ BA/
A (& « min—?) kPa kPa (kPa+s™1) (kPa+s™1) (mm? +s~1) (mm3 ¢ 5 1) % (kPa + mm®)
B8 BmE 334424 16.841.6  0.30+0.08 1446434 1066420 68514134 63264134 31.3442.98 1785459
B 15min 340429 149417 1.2440.09 1371436 1018423 64134121 59454234 30.1443.27 1496168
E# Smin 342432 124412 2.1240.23 1202439 946+ 28 56044137 52134251 24.3842.15 1190465
B 0min 345433 1L4%13 2.1640.29 1092436 862+ 31 48844174 47044226 23.124£2.78 1051470
H% 90min 350434 108413  2.2340.09 1089433 851430 46184204 46134268 19.8942.70 1032472
H¥ 180 min 347432 114417 2.08%0.38 1068429 853432 45844228 45684269 19.4242.18 1017465
BALR B iE 347427 16.9+1.5  0.2840.09 1417432 1058+18 67364142 61874175 32.97+3.54 1720164
BM15min 356431 145416 1.2740.16 1359438 1007422 63274153 58074217 29.934£3.71 1458469
B#5min 354331 12.0%1L3  1.9340.18 1210442 943434 55831 147 50474243 23.74£2.73 1172468
% 30min 359438 112416 2.004£0.31 11624:33" 901429+ 5 3584159" 49104235%  22.86+2.54 1127468"
B% 90min 354436 11.0£1.6  1.62140.32 1157420% % 901436 53124233% % 50024271 21374236 1114+68
H# 180min 350437 12 1£L5  1.6140.29 11404 23%® 889431 SITE27THE 49754276 21.4943.04 1111468

2.4 VUL AEBR XA B0 WLBEIM S 4 AL 36 A5 10 B0E
YRR R AR K L 4K R MDA R & 7 i E
m#H MDA . B&HEKRCE, T LAD (8
1 B L A BE SRR B K (RC) (R R i X0 LD
FXEXRDPBCMHARAES, BFRE Na*,
K*-ATP 8§ .Ca**, Mg*"-ATP Bgi& . 2 J7 ¥k 4K
BMEREREYRAARARMMRANERE S,
L HLES ATP.ADP fil AMP f& (HPLC
gD, @R AR BB E®R (TAC) =ATP+
ADP+AMP, gi#5 (EC)=(ATP+ADP/2)/TAC,
4338 TAC # EC,
AB.CHAPINMEFARAAMINTHEAZ

& ERBRERITEER GRA G BERAKX
RAEMEANE MDA KFBER FERFARA, 0
Bie82y NI 2y, AR EEY B E R MmE P
M MDA K¥, AERAH  X—FHHE SRR
#6, MR ONARZSALBREHE BETL.
TR OUHES BRI THEALKRERE
F+ 8% Nat, K*-ATP B§#1 Ca?*, Mg -ATP Mgy
EHE.ATP f1 ADP 8 .TAC #1 EC; B4
7, MAE R E A& X0 PAHA D Na™,
K*-ATP B f1 Ca’t, Mg?*-ATP R IE H ATP,
TAC I EC; R 5 4425, FE 416 MR 8 3 7 6 Sk L L
WAL H ATP W&, HFEEFAE EC, LK,

%6 FHOIE (50 mg/kg) FOMEMA B MAE MDA G0 AL Na*, K*-ATP B§f0 Ca**, Mg®*-ATPase & 1. ATP.

ADP.AMP.TAC.EC H¥M (x+s)

Table 6 Effect of crocetin (50 mg/kg) on MDA in serum and Na*, K*-ATPase and Ca**, Mg’ -ATPase activity,

and ATP, ADP, AMP, TAC, and EC levels in ischemic myocardium of stunned rats (x£s)

WRER/ BRIER/

W15 MDA/ ATP/ ADP/ AMP/ TAC/
g4 # BEFR (umol ADP+ (umol ADP + EC
(nmo} » mL~1) (nmol » mg™!) (nmol » mg™!) (nmol+mg™!) (nmol+ mg™!)
h—l.mg—l) h_“mg‘l)
BFER(n=18) - 3.9540.62  4.814£0.58  4.1240.76 12524182 9.76+1.87  7.2241.23  29.50%2.56  0.59+0.038
BRi(n=18) - 2.4340.48% % 3 1740.31% % 9.6742.15% % 3.7540.75% % 4,711 7= # 5112153 13.5742.10% % 0.45£0.0167*
BULM(n=6) SRMATATF 0mgekg! 3.65£0.35% % 4.2140.30* * 6.2141.28*  7.7140.92* * 8.2441.75*  7.8741.3¢4  23.8242.11* * 0.5040.015 *
BEEHLT Omgokg~! 3.4840.42°  4.0540.51*  7.05+1.36*  6.64+0.71* * 7.54+1.42  6.85£1.41  21.0311.87° 0.5040.021" "
BEGLF50mge kg™ 3.1240.51  3.7840.74  9.31%1.74 5.6440.83% 6.8241.67  6.24+1.45  18.70£2.08  0.4840.016" *
SBFERALE. "*P<0.01; SHEAMHEE. *P<0.06 "°P<0.0]

## P20, 01 vs Sham group; * P<<0.05
3 iTig

OB FEEERG S E B mENSEREY
X B EEENY, —ENEREMY R, LGk
1 B 8] 53 K 3 AL L& A R FE B R 2 kO LAE
5 451 05 0 R afn R % R SR IRFE B B AL ETh BE
0 it B L LB AC2Y, % A0 JULIBR I 453 £ 9 O ¥k

* * P<C0. 01 vs model group

RIS A B GERESBR, KE L UL AR R
REBREFTEREZ—. AR FEMREDR
ATP #EB™E R LR, 2% ADP, i —5 4
AN AMP, FERBEYWHRET REER NTFE
oA A, TEEMRA. REXE ATP &
RUERYEE. HEEEHNERSRERTE—
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B R,

ALRERER, TAERDEROIERE
R MEEIDE P CK f LDH §F#, 3 8 7 &Kk #i
B A ERGARE B BMRFER ALK
RN SEAOERBEMNAZNBRELHET G
HWERER.BEIAN, B¥R sSmin LA RBEEHE
RGH R Bt sma)  BREAMEEERANE
R, FAAOERY FHENHERKBNR
PR, MR E B ENRP XERGYW
BERBEEMBIER A U B R el A
HREESEENREOCIAPERN,

F B O JUL 95 99 B 280 B8 0 A R T 2 A P A0 L
M D REAE DD, E RO R M E R AN ES
DUERA —E R LR &, AL A &R
2 O R BT . T 5k 1 75 8 49 R R B B 48 2 B, R 25 41 B
WX ONALF ATP BH B ER FHRAMA,
BENAHLEREABONASRFH TAC #
B.X—FREAHLERTUREHEERK . AT
BRMATAGAMBEEAB A Y ONAR R
TERMBERES B EOEREEERAH
B (G BF , RE 5 — o R P 0% 0 R R 40 A i AL PO
B ATP A RABIEREMBES. BEGHH AED
HREBRERE, TREE RO AEERBE
HARBRERSMHERND,

DR ERA FERRTFLONHARYGERR
SUHBBEEANSEHTEY. BEVHTENE
MEMBSEREANEABTTUEEBETIREEA
HEWDD, ALB PRI NIMAGHTEYEEEYE
HEENET MBS S M EAERE S HF
REZEEENABIER . BT8R iR
B 1% S B T B R & T M B A O
MEERHARBONEAAKNBEBERETNE
M. BEMATEAOLR, AEL T ME+ MDA
MR MAABT S M.0NHLS Nab, KH-ATP
B§.Ca®", Mg’ -ATP B G . BEE LA AR
EREMmE P MDA &, BEREEE &k
DA S H Na*t, K*-ATP §§.Ca**, Mg?**-ATP
BEE, XTREEH TEAERGEERETH

B, AR O T R 1R A
ATREE B R T IAR T RO LA B ARG B0 1K
& T T, T AE R ECE BRI S M B ¥ S
KRR B A SRR ENE
EA R RABIKE AL, I EFa LM
#ERE B AR IBK R 94 TR R 470 UL i 100 750 T 4
WNEREANER.
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