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Abstract

BACKGROUND: The opioid system was mainly involved three types of opioid receptors (ORs): p (MOR), & (DOR)
and k (KOR). These ORs are activated by its agonist, a family of endogenous peptides: Endorphins, enkephalins,
and dynorphins, respectively.

AIM: This study determined the OR mRNA on effects of agonists exogenous morphine, fentanyl, D-penicillamine
(2,5) enkephalin, and ketazocine in HL-1 mouse cardiac myocytes.

MATERIALS AND METHODS: HL-1 mouse cardiac myocytes were treated with 10 uM morphine sulfate, 1 uM
fentanyl,1 uM D-penicillamine (2,5) enkephalin, and 1 uM ketazocine. Total mMRNAs were extracted and cDNA was
synthesized and quantitative real-time polymerase chain reaction was used to analyze gene expression.

RESULTS: The data analysis of MOR, DOR and KOR mRNA expression on effect of morphine was shown less level
than control (0.61-fold, 0.67-fold, and 0.65-fold), respectively. The morphine-induced ORs down-regulation, whereas
enkephalin treatment demonstrated highly significantly increased in mRNA of DOR (6.3-fold, p = 0.002). As well as,
KOR mRNA expression was found highly significant increased under effect of Ketazocine (7.16-fold, p = 0.004).

CONCLUSION: This study found DOR and KOR, but not MOR expressed in HL-1 mouse cardiac myocytes under
activation of exogenous opioid analogists. These findings suggested that exogenous analogist's opioids mimeses
the endogenous analogist’s opioids.

Introduction

Regarding to pharmacological and molecular
biological studies the opioid system was mainly
classified into three types of opioid receptors (ORs): mu
(MOR), deltad (DOR), and kappa k (KOR) [1]. Recently,
a novel type of “opioid receptor-like orphan receptor”
(ORL-1) was discovered for 20 years ago, also known
as the nociception receptor [2]. All four are members of
the seven transmembrane spanning G-protein coupled
receptor family [3]. The three ORs are encoded by
three different genes with highly conserved in their
regulatory sequences, but expressed in spatially and
temporally various patterns. Studies using models of
different cells have shown combinatorial transcriptional
regulation through multiple transcription factors [4]. Mu
(u), delta (3), and kappa (k) ORs are activated by its
agonist, a family of endogenous peptides: Endorphins,
enkephalins, and dynorphins, respectively, whereas
nociceptin/orphanin FQ is ORL-1 natural ligand of the
ORL-1 receptor. In addition, Mu (u), delta (3), kappa
(x) ORs are also activated by exogenous agonists:
Morphine, D-penicillamine (2,5) enkephalin, and
ketazocine, respectively [5]. While ORL-1 may play
a role in the development of tolerance to u agonists,
in spite of this effect has not been confirmed yet.

Despite of ischemic heart disease and resultant acute
myocardial infarction is still one of the most reasons
of mortality globally, the capability to effectively
interfere and minimize myocardial damage during
ischaemia-reperfusion  (Clinical  cardioprotection)
stays a largely unachieved therapeutic target. A range
of protective process have been reported as highly
efficacious in lab experiments, with particular focus
on ischemic pre- and post-conditioning and related
stimuli[6], [7]. However, previous studies have reported
that motivation of both cardiac and central ORs is able
to evoke heart function and trigger cardioprotection
against ischemia [8], [9]. The effectiveness of
opioids in inducing pre- and post-conditioning in
hearts in vivo or in vitro can be achieved [10]. Gwag
et al. study has been demonstrated that morphine
resultant cardioprotective through activation of ORs
and could be reduced myocardial infarct size and
reperfusion injury in similar way to that of ischemic
preconditioning [11]. As well as, previous laboratory
studies on experimental animals have confirmed this
finding [12]. Similar cardioprotective effects have been
found for other ORs agonists such as fentanyl and
remifentanil [13]. Therefore, our study was aimed to
investigate the expression of OR genes upon effects
of exogenous Morphine, fentanyl, D-penicillamine
(2,5) enkephalin, and ketazocine on cardiomyocytes.
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Materials and Methods

Cell culture

HL-1 mouse cardiac myocytes (Rockville, MD,
USA) were cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and 1% antibiotic—antimycotic solution.
The cells were incubated in 95% air and 5% CO, at
37°C. Culture medium was replaced every 2-3 days,
and cells were sub cultured at 80% confluence.
Following 24 h serum starvation (DMEM supplemented
with 1% FBS) before the experiments.

Drugs and treatments

All substance was dissolved in deionized water
and HL-1 cardiac myocytes were exposed to 4 treatment
schedules beside to control. Control cells received
an equal volume of the vehicle (0.1%). The first cells
were treated with 10 uM morphine sulfate (Gr1). The
second cells were treated with 1 uM fentanyl (Gr2). The
third cells were treated with 1 uM D-penicillamine (2,5)
enkephalin (Gr3). The fourth cells were treated with 1
uM ketazocine (Gr4). All culture plates were incubated
for 24 h continuously without further renewal of growth
medium in the incubator. All substances were obtained
from Sigma-Aldrich® (St. Louis, MO, USA). At the end
of 24 h treatment, cells were washed 3 times with
phosphate-buffered saline (PBS) to remove the drug
compounds and the serum proteins.

mMRNA extraction

At the end of 24 h treatment, all treated cells
were washed three times with PBS to remove the drug
compounds and the serum proteins. Then the cells
were harvested using cell scrapers, and centrifuged at
1500 rpm for 3 min. The cell-pellets were re-suspended
in 1 mL PBS, and transferred into Eppendorf tubes,
and subjected to centrifugation at 1000 rpm for 3 min.
Finally, the pellets were homogenized in 1 mL TRIzol
reagent with VirTishear polytron homogenizer (Virtis
Company, Inc., Cardiner, NY, USA). Total mMRNAs were
extracted and purified by using MagNA high Pure system
(Roche Diagnostics; Mannheim, Germany), according
to manufacturer’s protocol. The extracted mRNA was
quantified using Nano-drop System (Thermo Scientific,
USA).

Reverse transcription (cDNA synthesis)

Single-stranded cDNA was synthesized using
1.0 ng total RNA and the High-Capacity cDNA Reverse
Transcription Kit (NEB, USA). First strand cDNA
synthesis was performed using a “First strand cDNA
synthesis kit with a 24 T primer (0, 4 nmoL per reaction)

in a 25 pL reaction mix according to the manufacturer’s
protocol. The cDNA products were diluted 10-fold before
run in real-time polymerase chain reaction (RT-PCR).

Quantitative RT-PCR

The relative levels of MOR, DOR, and KOR
mRNA were presented as the normalized ratio of target
genes/glyceraldehyde-3-phosphate ~ dehydrogenase
(GAPDH) (percent). The sequences of gene-specific
primers of MOR, DOR, and KOR for RT-PCR are shown
in Table 1 [14]. All samples were run in triplicate and all
data were normalized to GAPDH as the endogenous
reference gene. Quantitative RT-PCR (qRT-PCR) was
done in a Roche light cycler, with the use of SYBR
Green light mix (Roche, Germany), with 10 uL SYBR
Green mix, 2 uL of each primer (6 uM and 1 uL of cDNA
in a total volume of 20 uL). Reactions were conducted
under the following conditions: 95°C for 3 min, followed
by 40 cycles at 95°C for 10 s, 54°C for 30 s, and 72°C for
30 cycles. The different samples were amplified in the
same plate with the standard under identical conditions.
At the end of each run a melting curve analysis was
done (from 55°C to 95°C) to determine the formation of
specific products. Relative expression of different ORs
gene transcripts were calculated by the AAC. method
and converted to relative expression ratio 27*°" for
statistical analysis [15].

Table 1: Primer sequences of opioid receptors used in
AQ-real-time real time-polymerase chain reaction

Primers’ Names
m (MOR) primers

Primer Sequences

Forward 5'- TACCGTGTGCTATGGACTGAT-3'
Reverse 5'- ATGATGACGTAAATGTGAATG-3'
Probe 5'- CTTGCGCCTCAAGAGTGTCCGCA-3'
Forward 5-GCGGGAAAGCCAGTGACTC-3'
Reverse 5'- TGCCCTGTTTAAGGACTCAGTTG-3'
Probe 5'- AGGAGAGGAGCGGGACCTGTGGCT-3'

d (DOR) primers

k (KOR) primers Forward5'- CGTCTGCTACACCCTGATGATC-3'
Reverse5'- CTCTCGGGAGCCAGAAAGG-3'
Probe 5'- TGCGTCTCAAGAGCGTCCGGC-3'

GAPDH primers Forward 5'- GGAAGCTCACTGGCATGGC-3'

Reverse 5'- TAGACGGCAGGTCAGGTCCA-3'

Probe 5'- CCCCACTGCCAACGTGTCAGTG-3'
MOR: Mu-opioid receptor, DOR: Delta-opioid receptor, KOR: Kappa-opioid receptor, GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase, PCR: Polymerase chain reaction.

Statistical analysis

Calculated relative OR mRNA levels in different
treatment groups were compared using a one-way
ANOVA followed by Newman-Keuls test with GraphPad
Prism 4.0 (GraphPad Software, San Diego, CA, USA).
Differences were considered significant if p < 0.05.

Results

To evaluate the effect of specific opioid drugs
on the expression levels of MOR, DOR, and KOR
genes in HL-1 cardiac myocytes using g-RT-PCR. Gene
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expression was normalized to GAPDH as housekeeping
gene. Relative ratio control was designated as (100%),
1-fold. Data represent 27**°" values calculated using the
AAC, method. Calculations were shown among Table 2.
Relative expression of MOR (mu-OR) on effect of
morphine was shown less level than control (0.61-fold)
(Figure 1a). Similar finding was also shown with DOR,
0.67-fold, as well as with KOR 0.65-fold (Figures 1 and 2).
On the other hand, the relative expression of MOR (mu-
OR) did not exhibit any relative elevation but shown
less levels under effect of the most opioid treatments (in
comparison to control). However, this decrease may due
to morphine-induced ORs down-regulation (p > 0.05),
(Figures 1 and 2). In contrast, it was found that fentanyl
treatment caused significantly increased in the mRNA
levels of DOR gene (1.71-fold), Figures 1b and 2.
Whereas, enkephalin treatment demonstrated highly
significantly increased in the mRNA levels of DOR (6.3-
fold, p = 0.002) (Figures 1b and 2). However, relative
expression of KOR was shown slightly increased under
effect of both fentanyl and enkephalin treatments (1.04-
fold and 1.3-fold, respectively), this increasing was not
significant (p > 0.05). While, KOR expression was found
highly significant increased under effect of Ketazocine
(7.16-fold, p = 0.004) (Figures 1c and 2).

Table 2: Gene expression was normalized to
glyceraldehyde-3-phosphate dehydrogenase as housekeeping
gene

Sample C.(mean) SD AC, AAC, SE RQ RQ maximum RQ mean
mean
Control
MOR 245 0.61 4.58 0.0 0.27 0.49 2.0 1.0
DOR 23.0 0.64 3.08 0.0 0.28 0.48 21 1.0
KOR 22.7 0.52 2.78 0.0 0.23 0.5 1.9 1.0
Morphine
MOR 23.68 11 388 -0.7 0.51 0.26 1.44 0.61
DOR 22.32 0.82 2.52 -0.56 0.36 0.35 1.3 0.67
KOR 21.96 047 2.16 -0.62 0.21 0.41 1.02 0.65
Fentanyl
MOR 23.6 046 45 -0.08 0.20 0.54 1.65 0.94
DOR 22.96 0.56 3.86 0.78 0.25 0.94 3.13 1.71
KOR 21.94 047 2.84 0.06 0.21 0.59 1.83 1.04
Enkephalin
MOR 23.88 0.56 4.48 -0.1 0.25 0.59 1.46 0.93
DOR 25.14 0.30 5.74 266 0.13 4.66 8.57 6.3
KOR 22.56 0.52 3.16 0.38 0.23 0.85 1.99 1.3
Ketazocine
MOR 23.62 045 44 -0.16 0.20 0.62 1.28 0.89
DOR 22.56 0.31 3.36 0.94 0.14 0.92 1.6 1.21
KOR 24.82 0.64 562 2.84 0.28 4.44 11.53 7.16
GAPDH housekeeping gene
Control 19.92 0.8
Morphine 19.8 0.44
Fentanyl 19.1 0.65
Enkephalin  19.4 0.30
Ketazocine  19.18 0.23

Relative ratio control was designated as (100%), 1-fold. Data represent 27%“°" values calculated by using

the AAC, method. Relative quantity MOR, DOR and KOR gene expression post-exposure to morphine
sulfate (Gr1), fentanyl (Gr2), D-penicillamine (2,5) enkephalin (Gr3), and ketazocine (Gr4). MOR: Mu-opioid
receptor, DOR: Delta-opioid receptor, KOR: Kappa-opioid receptor, GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase, SD: Standard deviation, SE: Standard error, RQ: Relative Quantification.

Discussion

Indeed, existence of ORs and opioids peptides
in heart myocardial cells may essential for various
physiological functions. Where ORs are included three
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Figure 1: Comparative expression of Mu-OR (a), DOR (b) and KOR
(c) genes through exposure to different opioid substances: Morphine
sulfate, fentanyl, penicillamine (2,5) enkephalin, and ketazocine
for 24 h. Mu-OR: Mu-opioid receptor, DOR: Delta-opioid receptor,
KOR: Kappa-opioid receptor

types: mu (MOR), delta (DOR) and kappa (KOR).
The levels of such opioid’s peptides and ORs can be
elevated during episodes of stress, such as ischemia.
In addition to heart myocardial cells, delta- and kappa-
opioid peptides have been also found in sympathetic
never fibers and ganglion cells (reviewed by Feng et al.,
2012) [16]. In this current study, we have successfully
estimated the relative quantity of MOR, DOR, and KOR
mRNA levels in HL-1 mouse cardiac myocytes by using
specific primers and probes through running gRT-PCR
assay. Thus, the results demonstrated that, qRT-PCR
is extremely sensitive assay with a high accuracy and
wide detection rang. Data analysis of MOR, DOR, and
KOR mRNA expression on effect of morphine was
shown less level than control (0.61-fold, 0.67-fold,
and 0.65-fold, respectively). This finding may confirm
that morphine-induced ORs down-regulation and
consistent with previous study [17]. In addition, MOR
MRNA expression was lowest in the heart tissue [18].
Controversial, morphine effect demonstrated to be
specific for KOR; hence, the MOR agonist morphine
did not mimic the influences of the KOR agonists [16].
In contrast, it was found that fentanyl treatment caused
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Figure 2: Relative expression of MOR (mu-OR) on effect of
morphine was shown less level than control, 0.61-fold (a). Similar
finding was also shown with expression of DOR, 0.67-fold (a), as
well as with expression of KOR 0.65-fold (a). Whereas, relative
expression of DOR on effect of fentanyl was shown increased
to 1.71-fold (b). Relative expression under effect of enkephalin
treatment demonstrated highly significantly increased in the mRNA
levels of DOR, 6.3-fold, p = 0.002) (c). While, KOR expression
was found highly significant increased under effect of Ketazocine,
7.16-fold, p = 0.004 (d). Bars, represented standard error. MOR:
Mu-opioid receptor, DOR: Delta-opioid receptor, KOR: Kappa-
opioid receptor

under effect of ketazocine

significantly increased in the mRNA levels of DOR gene
(1.71-fold). Therefore, fentanyl may play crucial role
preconditioning in reducing ischemia (I)/reperfusion
(R) injury in rats [19]. Whereas, enkephalin treatment
demonstrated highly significantly increased in the
mMRNA levels of DOR (6.3-fold, p = 0.002). However,
relative expression of KOR was shown slightly increased
under effect of both fentanyl and enkephalin treatments
(1.04-fold and 1.3-fold, respectively), this increasing
was not significant (p > 0.05). Enkephalin that acts to
DOR has been mediated in ischemic preconditioning,
endogenous opioid-induced preconditioning, and/or
reaction to myocardial ischemia in canine [20]. Recently,
Eribis peptide 94, a novel enkephalin derivative that
binds with high potency to DOR caused an acute
reduction in myocardial infarct size [21]. Therefore,
some studies support that exogenous administration of
DOR agonists may be contributed to be cardioprotective
when given acutely pre-ischemia, or immediately pre-
reperfusion [22]. Whereas, KOR expression was found
highly significant increased under effect of Ketazocine
(7.16-fold, p = 0.004). Ketazocine is the exogenous
drug with the highest affinity for KOR [5]. However, the
KOR is involved in opioid-induced cardioprotection.
On the otherwise. Myocardial expression of ORs also
evidences changeable upon pathological conditions:
Ischemia/reperfusion induces DOR mRNA together with
KOR mRNA in myocardial area-at-risk in porcine [23].
The finding of DOR and KOR, but not MOR, receptors
in the rat and human heart could, in part, suggested
a paracrine role for the opioid produced locally within
cardiac tissue. In conclusion, consistent to most studies
have found DOR and KOR, but not MOR expressed
in cardiomyocytes among several mammalian animals.
In HL-1 mouse cardiac myocytes under effect of

exogenous opioid analogists exhibited a high affinity to
DOR and KOR but not MOR, suggesting the presence
DOR and KOR in mouse cardiomyocytes. Thus,
cardiomyocytes are capable of synthesis, storage, and
release of OR peptides. Actually, exogenous analogist’s
opioids can mimeses the endogenous analogist’'s
opioids. The further study should be performed on
myocardial infarction, ischemia/reperfusion injury.

Ethical Approval

This study was approved by the Ethics
Committee of Research Unit, College of Medicine,
Qassim University, Saudi Arabia (Ethical approval #
02QUCOM/2020; Date: 2/12/2020).

Availability of Data and Material

The data used in this study are available and
will be provided by the corresponding author on a
reasonable request.

References

1. Jutkiewicz EM. Correction to: Delta opioid receptor
pharmacology and therapeutic applications.
Handb Exp Pharmacol. 2018;247:C1-2.  https://doi.

org/10.1007/978-3-319-95133-1_1001
PMid:31309359

2. Mollereau C, Parmentier M, Mailleux P, Butour JL,
Moisand C, Chalon P, et al. ORL1, a novel member of
the opioid receptor family. Cloning, functional expression
and localization. FEBS Lett. 1994;341(1):33-8. https://doi.
org/10.1016/0014-5793(94)80235-1

PMid:8137918

3. Al-Hasani R, Bruchas MR. Molecular mechanisms of
opioid receptor-dependent  signaling and behavior.
Anesthesiology. 2011;115(6):1363-81. https://doi.org/10.1097/
ALN.0b013e318238bba6

PMid:22020140

4.  Wei LN. Epigenetic control of the expression of opioid receptor
genes. Epigenetics. 2008;3(3):119-21. https://doi.org/10.4161/
epi.3.3.6296

PMid:18497574

5. Koneru A, Satyanarayana S, Rizwan S. Endogenous opioids:
Their physiological role and receptors. Glob J Pharmacol.
2009;3(3):149-53.

6. Przyklenk K. Reduction of myocardial infarct size with ischemic
“conditioning”:  Physiologic and technical considerations.
Anesth Analg. 2013;117(4):891-01. https://doi.org/10.1213/
ANE.Ob013e318294fc63

34

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Al Abdulmonem. Opioid Drugs and Cardiac Myocytes

10.

1.

12.

13.

14.

PMid:23960036

Ferdinandy P, Hausenloy DJ, Heusch G, Baxter GF, Schulz R.
Interaction of risk factors, comorbidities, and comedications
with ischemia/reperfusion injury and cardioprotection by
preconditioning, postconditioning, and remote conditioning.
Pharmacol Rev. 2014;66(4):1142-74. https://doi.org/10.1124/
pr.113.008300

PMid:25261534

Wong GT, Ling JL, Irwin MG. Activation of central opioid
receptors induces cardioprotection against ischemia-reperfusion
injury. Anesth Analg. 2010;111(1):24-8. https://doi.org/10.1213/
ANE.Ob013e3181b8b77e

PMid: 19861363

Zatta AJ, Kin H, Yoshishige D, Jiang R, Wang N, Reeves JG,
et al. Evidence that cardioprotection by postconditioning involves
preservation of myocardial opioid content and selective
opioid receptor activation. Am J Physiol Heart Circ
Physiol. 2008;294(3):H1444-51. https://doi.org/10.1152/
ajpheart.01279.2006

PMid: 18203844

Shimizu M, Tropak M, Diaz RJ, Suto F, Surendra H, Kuzmin E,
et al. Transient limb ischaemia remotely preconditions through
a humoral mechanism acting directly on the myocardium:
Evidence suggesting cross-species protection. Clin Sci (Lond).
2009;117(5):191-200. https://doi.org/10.1042/CS20080523

PMid:19175358

Gwag HB, Kim EK, Park TK, Lee JM, Yang JH, Song YB,
et al. Cardioprotective effects of intracoronary morphine in
ST-segment elevation myocardial infarction patients undergoing
primary percutaneous coronary intervention: A prospective,
randomized trial. J Am Heart Assoc. 2017;6(4):e005426. https://
doi.org/10.1161/JAHA.116.005426

PMid:28373244

Guo H, Pei J, Wang K, Liu Z, Zhang F, Wang K, et al. k-Opioid
receptor activation promotes mitochondrial fusion and enhances
myocardial resistance to ischemia and reperfusion injury via
STAT3-OPA1 pathway. Eur J Pharmacol. 2020;874:172987.
https://doi.org/10.1016/j.ejphar.2020.172987

PMid:32032598

Wong GT, Li R, Jiang LL, Irwin MG. Remifentanil post-
conditioning attenuates cardiac ischemia-reperfusion
injury via kappa or delta opioid receptor activation. Acta
Anaesthesiol Scand. 2010;54(4):510-8. https://doi.
org/10.1111/j.1399-6576.2009.02145.x

PMid: 19878098

Salemi S, Aeschlimann A, Reisch N, Jungel A, Gay RE,
Heppner FL, et al. Detection of kappa and delta opioid receptors
in skin--outside the nervous system. Biochem Biophys Res
Commun. 2005;338(2):1012-7. https://doi.org/10.1016/j.

15.

16.

17.

18.

19.

20.

21.

22.

23.

bbrc.2005.10.072
PMid:16263089

Livak KJ, Schmittgen TD. Analysis of relative gene expression
data using real-time quantitatve PCR and the 2(-Delta
Delta C(T)) method. Methods. 2001;25(4):402-8. https://doi.
org/10.1006/meth.2001.1262

PMid:11846609

FengY,HeX,YangY,ChaoD, LazarusLH, XiaY.Currentresearch
onopioidreceptorfunction. CurrDrugTargets.2012;13(2):230-46.
https://doi.org/10.2174/138945012799201612

PMid:22204322

Caputi FF,Acquas E, Kasture S, Ruiu S, Candeletti S, Romualdi P.
The standardized Withania somnifera dunal root extract alters
basal and morphine-induced opioid receptor gene expression
changes in neuroblastoma cells. BMC Complement Altern Med.
2018;18(1):9. https://doi.org/10.1186/s12906-017-2065-9

PMid:29316911

Peng J, Sarkar S, Chang SL. Opioid receptor expression in
human brain and peripheral tissues using absolute quantitative
real-time RT-PCR. Drug Alcohol Depend. 2012;124(3):223-8.
https://doi.org/10.1016/j.drugalcdep.2012.01.013

PMid:22356890

Lu Y, Hu J, Zhang Y, Dong C. Spinal neuronal NOS activation
mediates intrathecal fentanyl preconditioning induced
remote cardioprotection in rats. Int Immunopharmacol.
2014;19(1):127-31. https://doi.org/10.1016/j.intimp.2014.01.013

PMid:24462544

Peart JN, Patel HH, Gross GJ. Delta-opioid receptor
activation mimics ischemic preconditioning in the canine
heart. J Cardiovasc Pharmacol. 2003;42(1):78-1. https://doi.
org/10.1097/00005344-200307000-00012

PMid:12827030

Tanaka K, Kersten JR, Riess ML. Opioid-induced
cardioprotection. Curr Pharm Des. 2014;20(36):5696-705.
https://doi.org/10.2174/1381612820666140204 120311

PMid:24502571

Gross ER, Hsu AK, Gross GJ. Opioid-induced cardioprotection
occurs via glycogen synthase kinase beta inhibition during
reperfusion in intact rat hearts. Circ Res. 2004;94(7):960-6.
https://doi.org/10.1161/01.RES.0000122392.33172.09

PMid:14976126

Karlsson LO, Bergh N, Li L, Bissessar E, Bobrova |, Gross GJ,
et al. Dose-dependent cardioprotection of enkephalin analogue
eribis peptide 94 and cardiac expression of opioid receptors
in a porcine model of ischaemia and reperfusion. Eur J
Pharmacol. 2012;674(2-3):378-83. https://doi.org/10.1016/].
ejphar.2011.11.012

PMid:22119384

Open Access Maced J Med Sci. 2023 Jan 01; 11(A):31-35.

35



