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Effect of laminarin on GRP78 and Caspase 12 expression in rat model of

myocardial ischemia-reperfusion injury
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[ Abstract] Objective To investigate the effect of laminarin ( Lam) on the protein expression of glucose regulated protein-78
(GRP-78) and cysteine-dependent aspartate-specific protrases 12 ( Caspasel2) in rat model of myocardial ischemia-reperfusion injury
(MI/RI) and whether it has protective effect on rat myocardium. Methods Thirty-two male SD rats were randomly divided into 4
groups : sham operation group, MI/RI group, low- and high-dose Lam treatment groups. The rat MI/RI model was established by left
coronary artery ligation. The serum content of creatine kinase isoenzyme MB ( CK-MB) was measured by enzyme-linked immunosorbent
assay (ELISA), the content of myeloperoxidase (MPO) in the myocardial tissue was measured by colorimetric assay, and the protein
expression levels of GRP78, Caspase 12, B-cell lymphoma-2 (Bcl-2) in myocardium was detected by Western blotting. The pathomor-
phological changes of myocardial tissue were observed by light microscopy. Myocardial infarction area was measured by Evans Blue and
2,3, 5-triphenyltetrazolium chloride (TTC) double staining. SPSS statistics 21. 0 was used to perform the statistical analysis. Results

The low- and high-dose Lam treatment groups had significantly decreased serum level of CK-MB [ (72. 71£5.63) ws (59.79+9. 67)
vs (93.74+5.37)U/L], myocardial content of MPO [ (58.92+4. 88) wvs (46.06+5.74) vs (72.66%3.40) U/L] and protein levels of
GRP-78 [ (0.81+0.01) vs (0.66x0.01) ws (1.13£0.02) ] and Caspase 12 [ (0.82+0.06) vs (0.62+0.02) vs (1.45+0.10) ], but
obviously enhanced expression of Bel-2 [ (1. 19£1. 10) s (1.41£0.02) vs (1.01£0. 04) ] when compared with the ML/RI group (all P<
0.01). The myocardial tissue damage in the Lam treatment groups was alleviated to different extents than that in the ML/RI group. And
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the area of myocardial infarction was remarkably reduced in the low-and high-dose Lam treatment groups than the MI/RI group [ (55. 36
£2.47)% vs (46.63+2.10)% vs (38.40+2.07)%, P<0.05]. Conclusion Lam can alleviate MI/RI and exerts protective effect on

the injury in rats. The mechanism may be that Lam can inhibit the overexpression of GRP-78, reduce the activation of apoptosis pathway

mediated by endoplasmic reticulum stress, down-regulate the apoptosis pathway of Caspase 12 and enhance the expression of Bcl-2, and

thus inhibit the apoptosis of cardiomyocytes.
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Table 1  Comparison of CK-MB and MPO expression
amoug groups (n=8, U/L, x+s)
Group CK-MB MPO
Sham 39.89+4.43 27.59+2. 54
MI/RI 93.74+5.37" 72.66+3.40 "
Low dose 72.71%5.63% 58.92:4. 88%
High dose 59.79+9. 67" 46.06+5.74 "2

MI/RI: myocardial ischemia reperfusion injury; CK-MB: creatine kinase
isoenzyme MB; MPO: myeloperoxidase. Compared with sham group, * P<
0.01; compared with MI/RI group, *P<0.01; compared with low dose
group, 4 p<0.01.
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Comparison of GRP-78, Caspase 12,

Bcl-2 expression among groups

Figure 1

MI/RI; myocardial ischemia reperfusion injury; GRP-78. glucose regulated
protein 78; Caspase 12 cysteine-dependent aspartate-specific

protrases 12; Bel-2; B-cell lymphoma-2.

%X 2 %&%H GRP-78 Caspase 12 Bcl-2 EAMIRILZE
Table 2 Expression of GRP-78, Caspase 12, Bcl-2

protein among groups (n=38, xs)

Group GRP-78 Caspase 12 Bel-2
Sham 0.500. 02 0.37£0.05 1.71+0. 08
MI/RI 1.13£0.02" 1.45+0.10" 1.010.04
Low dose 0.81+0.01" 0. 82+0. 06" 1.19+1. 10
High dose 0.66+0.012  0.62+0.02"2 1.41+0.02%2

MI/RI; ischemia reperfusion injury; GRP-78. glucose regulated protein 78;
Caspase 12;cysteine-dependent aspartate-specific protrases 12; Bel-2: B-cell
lymphoma-2. Compared with sham group, * P<0.01; compared with MI/RI
group, *P<0.01; compared with low dose group, * P<0.01.
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Figure 2 Myocardial pathological changes among
groups under light microscope (x200)
MI/RI: myocardial ischemia/reperfusion injury.
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Figure 3 Comparison of myocardial infarction
size among groups

MI/RI: myocardial ischemia reperfusion injury.
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Table 3  Comparison of myocardial infarction size

among groups (n=5, %, x+s)
Group AAR/LV IS/AAR
MI/RI 63.10+3. 88 55.36+2.47
Low dose 57.28+1.87 46.63+2. 10"
High dose 54.46+4.17 38.40+2.07**

AAR/LV . area at risk/left ventricle; IS/AAR: infarction size/area at
risk. Compared with MI/RI group, " P<0.01; compared with low dose
group, *P<0.05.

3 3t i

GRP-78 2 Py J5i I 7 384 14 s o 1 g sh 2 11
GRP-78 FEATAE“ AL P 5T 99 17 3 O 4V FH 1) [
BF, L 3K it 25 I DA JTT 09 1 98K IR ] S 4 i 9 2
X AT BB A HY TR 2 1Y P4 5T 9 B O A GRP-78
Feakan, Wi s T CHOP (JNK #1 Caspase 12 4§
ZAAT 557 Caspase 12 BTS2 P R
[CVIARY (U R N i = R 1R il v 7 e R R
Y AR R PR ], Lam 7] fiE
Wt FJE N BT SF-HEE GRP-78 (GRP-94 £ 1
5, BELIKT A J5 0 7 331 A% 5 %, DTG 92 L 8
BT Ak R A Rk R AR 2R R R
{UAE B T2 A D LA N R A R ik
REA SO T R 48 F B S e A 0 1 R Y 7 it 21 4
"0 GRP-78 133 it [ e MIL/RI B R 1 3
HFERE , Caspase 12 Bel-2 193¢ 38 8 5 Wi LA Hf 94
ToRYRREE . AWFELEIRERD], 5 sham 4] AL, MI/RI
24 GRP-78 ,Caspase 12 gy A0, F - A Bel-2
(IR, ZFRIITE MI/RT A AT RE A AE T H N 5 Y
N Caspase 12 MG T-i&4%2, IF5% T 400
JHT7; 5 MI/RI 40 L4, Lam {15 75 ¥ 5 41 GRP-78
Caspase 12 £ 11 &AW /D, Bel-2 A5, 7T Gk
55 Lam 5040 B P J57 0 17 984075 5 ) A L o 7
A WU YE A G

HE 4468 R JIURE FE B XG4 W00 48 B8 L
MO UHA A R . ARSI ZE R LW, Lam 4b
FRZH Wt 9 O LR 2R A 400405 , o ) o 2 O 2, 4
7 Lam FARFLRAC ILERAPAEHT, AT REALHI A Lam
il GRP-78 Ryt B ik, il 1 eh P9 J5 R o
FUIME P T AR S, T M T Caspase 12 723
B IG5 T Bel-2 By 35, TR T 0 UL 40 e
T,

EATE R Y K258 v 2 A2 4E {2 Lam $2 5



- 782 -

FRAEAEZ RBP4 2020410 H 28 H 2519 % %5 10 4] Chin J Mult Organ Dis Elderly, Vol. 19, No. 10, Oct. 28, 2020

O BRAEAE I R N B A HLAS R, H AT Ay 2
W Lam 4732 0 5 AR ) TRE SRR BOBE RS . AR
SEYG AW, Lam A 388 12 490 1) ey 1A J5iC 090 197 3804 5 1
LA 4 T g A, X0 L= AR R E R (A T
MI/RI f 5 B b 2211l 2L R VR HT, AR

HARBLH] H e

TWIBRE I . A SR T A S5 9 i

WA EE I &, TR Lam %%‘iﬁéﬁiﬂ@%tﬁ?é, P ity

FEXT BAT SR R , B HIL ) i

Tt — A S 45 IE

g,

[ &% k]

(1]

Surendran A, Aliani M, Ravandi A. Metabolomic characterization
of myocardial ischemia-reperfusion injury in ST-segment elevation
myocardial infarction patients undergoing percutaneous coronary in-
tervention[ J]. Sci Rep, 2019, 9(1) . 11742-11754. DOI. 10.
1038/s41598-019-48227-9.

Tabas I, Ron D. Integrating the mechanisms of apoptosis induced
by endoplasmic reticulum stress[ J]. Nat Cell Biol, 2011, 13(3) .
184-190. DOI: 10. 1038/nch0311-184.

Shore GC, Papa FR, Oakes SA. Signaling cell death from the en-
doplasmic reticulum stress response [ J ].
2011, 23(2) : 143-149. DOI. 10. 1016/]. ceb. 2010. 11. 003.
S, R, WS, . AR NS 510 L0
PR BT B e (1], e B F 2 M EBRIMRAE,
2017, 16(3): 225-229. DOI. 10. 11915/j. issn. 1671-5403.
2017.03. 052.

Curr Opin Cell Biol,

Zhu PJ, Zhou H, Hu SY, et al. Research progress of endoplasmic
reticulum stress in myocardium ischemia reperfusion injury [ J].
16(3): 225-229. DOI;
10. 11915/j. issn. 1671-5403. 2017. 03. 052.

KA, EME, TT/NE, S NS RO S A A TR

Chin J Mult Organ Dis Elderly, 2017,

BRI bR (], AW BES TR SRR, 2018, 22(2):
214-220. DOI: 10. 13339/j. cnki. sgle. 20180313. 021.

Zhang LP, Meng Y, Yuan XD, et al. Research progress of endo-
plasmic reticulum stress and apoptosis mediated signal transduc-
tion[ J].
DOI: 10. 13339/j. enki. sgle. 20180313. 021.

Biomed Engineer Clin Med, 2018, 22(2): 214-220.

(6]

[10]

[11]

[12]

Elif G, Sefa A, Ozlem GK, et al. Endoplasmic reticulum stress
and homeostasis in reproductive physiology and pathology[ J]. Int
J Mol Sei, 2017, 18 (4): 792 - 816. DOI; 10. 3390/
ijms18040792.

FRPIR , JSEX. R AR T B 78 B T e[ T . ARt
2, 2017, 29(4) : 331-335. DOI; 10. 13376/j. cbls/2017043.
Ma QL, Lu DZ. Research progress of glucose regulated protein
78[J]. Chin Bullet Life Sci, 2017, 29(4) : 331-335. DOI. 10.
13376/j. cbls/2017043.

Dalal S, Zha Q, Daniels CR, et al. Osteopontin stimulates
apoptosis in adult cardiac myocytes via the involvement of CD44
receptors , mitochondrial death pathway and endoplasmic reticulum
stress[ J]. Am J Physiol Heart Circ Physiol, 2014, 306 (8):
H1182-H1191. DOI. 10. 1152/ajpheart. 00954. 2013.

Omura T, Kaneko M, Okuma Y, et al. Endoplasmic reticulum
stress and Parkinson’ s disease: the role of HRDI in averting
apoplosis in neurodegenerative disease [ J ]. Oxid Med Cell
Longev, 2013, 10(1) . 1-7. DOI. 155/2013/239854.

Fin, EEH, wfE, % BAZHERRE H,0, 5530
Bl JUL 200 458 455 0 DR AP FE [T ] b 0 v 24 4, 2015,
34(2): 39-44. DOI; 10. 13400/j. cnki. ¢jmd. 2015. 02. 007.
Wei SJ, Ren ZT, Yang XY, et al. Protective effects of laminaria
polysaccharide sulfate 5 on cardiomyocytes of neonatal rats injuried
by hydrogen peroxide (H,0,)[J]. Chin J Marine Drugs, 2015,
34(2) . 39-44. DOI; 10. 13400/]. cnki. cjmd. 2015. 02. 007.
FRE, CTFER, Bk2E, AR BT SN AR AR U A 41
BT R AR AR (D] SRS, 2012, 31(4): 34—
38. DOI: 10. 13400/j. cnki. cjmd. 2012. 04. 006.

Zhang C, Guan YF, Zhang L, et al. Protection of Kelp polysaccha-
rides on endoplasmic reticulum stress of rats with renal interstitial

fibrosis[ J 7. 2012, 31(4): 34-38. DOI,
10. 13400/j. enki. cjmd. 2012. 04. 006.

Chin J Marine Drugs,

Liu X, Liu H, Zhai Y, et al. Laminarin protects against hydrogen
peroxide-induced oxidative damage in MRC-5 cells possibly via
10(5): e3642-e3659.

regulating NRF2[ J]. Peer J, 2017,

DOI; 10. 7717/ peerj. 3642.

(%%, sF-)



