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ABSTRACT
Background: We have recently reported that heme oxygenase-1 (HO-1) is involved 
in ischemic preconditioning-mediated cardioprotection by promoting nitric oxide (NO) 
release into diabetic rat heart (DRH). The upregulation of HO-1 decreases the endothelin-1 
(ET-1) production, which is a negative regulator of NO. In diabetes, the level of HO-1 is 
reduced while the level of ET-1 gets elevated. Thus, the present analysis was aimed to 
explore the concept of HO-1 and ET-1 in the abrogated cardioprotective role of ischemic 
post conditioning (IPOC) in the DRH. Materials and Methods: To explore the concept, a 
selective HO-1 inducer hemin, 18 hrs prior and a selective ETA receptor antagonist BQ-
123, one week prior, were administered to DRH before isolation. DRH was removed and 
then mounted on Langendorff's apparatus, subjected to 10 min stabilization followed by 
30 min ischemia. IPOC had been induced by four cycles of 5 min reperfusion along with 
5 min ischemia followed by further 120 min of reperfusion. The extent of the infarct was 
measured and the coronary effluent was tested for the LDH, CK-MB and NO release. 
Results: In DRH, cardioprotection mediated by the IPOC was significantly attenuated. 
Hemin and BQ-123 reinstated the impact of IPOC in DRH and also increased the release 
of NO. In BQ-123 pre-treated diabetic rat, the administration of hemin was unable to 
produce the additive cardioprotective effect of IPOC. Conclusion: Thus, it is suggested 
that hemin and BQ-123 restore the attenuated cardioprotective effect of IPOC in the 
DRH, which may be due to increased NO release.
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INTRODUCTION
Ischemia/reperfusion (I/R) injury rousing 
with ischemia as well as restoration of  blood 
flow to post-ischemic tissue, is accompanied 
with arrhythmias, myocardial apoptosis and 
necrosis resulting in increased mortality and 
morbidity.1-4 An ischemic post conditioning 
(IPOC) phenomenon may provide a 
useful approach to reduce the size of  the 
infarction following short reperfusion/
ischemic episodes over a prolonged 
ischemic period.5,6 The IPOC persuades 
cardioprotection by stimulation of  various 
endogenous molecules.7-11 Nevertheless, in 
many cases, the cardioprotective function 

of  IPOC is attenuated.12-15 One of  the main 
threat of  ischemic heart disease is diabetes 
mellitus.
Heme oxygenase-1 (HO-1) activates the 
oxidative breakdown of  the cell heme for 
free iron, biliverdin, carbon monoxide 
(CO) and is also known as a rate-limiting 
enzyme.16 Besides heme catabolism, HO-1 
also activates the eNOS (endothelial nitric 
oxide synthase), which leads to an increase 
in nitric oxide (NO) production, which 
is a well-known endogenous molecule to 
generate ischemic preconditioning (IPC) 
mediated cardioprotection.17 However, a 
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decrease in HO-1 cardio specific expression has been 
reported to intensify whereas HO-1 up regulation results 
in cardioprotection against I/R injury.18-20 Furthermore, 
it has also been stated that the up regulation of  HO-1 
decreases the production of  endothelin-1(ET-1), which 
is an effective vasoconstrictor peptide involved in 
various events, including vasoconstriction, stimulation 
of  free radical formation and platelet activation.21,22 
ET-1 has also been involved in the progress of  vascular 
dysfunction and cardiovascular diseases as an important 
factor.23 Augmented plasma concentration of  ET-1 
has been stated in humans undergoing myocardial 
infarction.24 The production and the vasoconstrictor 
activity of  ET-1 get up regulated during myocardial I/R 
injury. Moreover, NO is known to decrease the activity 
of  ET-1.25 
In diabetes, both the expression as well as the activity 
of  HO-1 are reduced and the level of  ET-1 gets 
elevated.19,26,27 Recently, we have demonstrated that 
hemin, an HO-1activator, restored the diminished IPC’s 
cardioprotective upshot in the heart of  diabetic rats.28 
Therefore, to explore the role of  HO-1 and ET-1 in 
the modulation of  the IPOC’s cardioprotective effect in 
DRH was the objective of  this study. 

MATERIALS AND METHODS
By the Institutional Animal Ethical Committee (IAEC), 
the experimental protocol of  the present study has 

been accepted (GLAIPR/CPCSEA/IAEC/2014/P.
Col/R05). As per the guidelines of  the Indian National 
Science Academy, every experiment was carried out for 
the animal’s use and care in scientific research. All of  the 
animals had been given water ad libitum as well as regular 
chow diet (wheat flour 22.5%, roasted Bengal gram 
powder 60%, skimmed milk powder 5%, casein 4%, 
refined oil 4%, salt mixture with starch 4% and vitamin 
and choline mixture 0.5%) to survive. 

Drugs and chemicals 
A single dose of  streptozotocin was used for the 
induction of  diabetes mellitus. Hemin (HO-1 inducer; 
Sigma Aldrich [P] Ltd., Bangalore, India) was dissolved 
in 0.2 M NaOH and then injected to the rat. BQ-123 
(ETA receptor antagonist; Sigma Aldrich [P] Ltd., 
Bangalore, India) was dissolved in water for injection. 
In the study, every other reagent that was utilized was of  
the analytical grade and freshly prepared.

Experimental design
In Figure 1, the diagrammatic illustration of  the 
experimental plan is depicted. In short, the Wistar 
rats had been arbitrarily grouped into eight groups 
containing six animals in each, called as Sham control, 
I/R control, IPOC control, IPOC in DRH, IPOC in 
0.2M NaOH (vehicle) pre-treated DRH, IPOC in hemin 
pre-treated DRH, IPOC in BQ-123 pre-treated DRH 
and IPOC in hemin and BQ-123 pre-treated DRH. 

Figure 1: Diagrammatic representation of experimental protocol.
S: stabilization; P: perfusion; I: ischemia; R: reperfusion; K-H: Krebs-Hensleit solution.
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Experimental type-2 diabetes was induced by single-
dose of  streptozotocin. Isolated rat heart preparation 
for sham control, I/R control and IPOC control 
groups were followed by the previous publication of  
our lab.13 Briefly, global ischemia was produced for 
30 min by blocking the inflow of  Kreb’s-Henseleit 
(K-H; (NaCl 118 mM; KCl 4.7 mM; CaCl2 2.5 mM; 
MgSO4.7H20 1.2 mM; KH2PO4 1.2 mM; C6H12O6 
11 mM) buffer solution, which was followed by 160 
min of  reperfusion. IPOC was produced by 5 min of  
reperfusion followed by 5 min of  ischemia by closing 
the inflow of  K-H buffer solution. Four such episodes 
were employed. The same procedure of  IPOC was 
followed for other group animals. Pre-treatment with 
0.2 M NaOH (vehicle) and hemin (4 mg/kg, i.p.) was 
done before 18 hr of  isolation of  heart form diabetic 
rat in groups 5 and 6, respectively. Further, in group 7, 
the pre-treatment with “BQ-123 (0.1 mg/kg, i.p.) for 
a week” was done before the heart isolation from the 
diabetic rat. Moreover, the combination of  both hemin 
and BQ-123 was administered to group 8 animals. All 
animals were sacrificed by cervical dislocation and 
rats had been given “heparin (500 IU/L, i.p.; Gland 
Pharma Ltd., Hyderabad, India)” twenty-minute prior 
for preventing coagulation. The heart was instantly 
excised as well as rapidly mounted on the apparatus 
of  Langendorff.29 The coronary effluent was collected 
before 30 min of  global ischemia and after that 
effluent was collected immediately and 5 min after the 
completion of  four cycles of  IPOC for the estimation 
of  lactate dehydrogenase (LDH), creatinine kinase (CK-
MB) and nitrite.

Induction of experimental diabetes
Induction of  experimental diabetes was done by single-
dose streptozotocin administration (50 mg/kg, i.p.).30 
Hyperglycaemia” was confirmed using commercially 
accessible “kit (Span diagnostic Ltd, Surat, India) 
spectrophotometrically at” 505 nm after withdrawing 

blood from rat orbital sinus. The amount of  serum 
glucose >200mg/dl has been found hyperglycaemic.

Assessment of myocardial injury and myocardial 
infarct size
LDH and CK-MB were assessed in the coronary effluent 
through the usage of  the commercially available kit as a 
marker of  myocardial injury (Coral clinical system, Goa, 
India).31,32 In international unit IU, values are stated per 
Liter (IU/L). Further, the myocardial infarct size was 
estimated through triphenyl tetrazolium chloride stain 
(TTC stain).31,33,34 Volume method was used for the 
measurement of  infarct size.35 The percentage infarct 
area was calculated with the resulting given equation: 
% Infarct area = Infarct area/Total area of  slice × 100. 

Nitrite Estimation
Unlike NO, nitrite can be measured easily and nitrite 
concentrations can be used to infer levels of  NO 
production. Nitrite release in coronary effluent was 
measured.36-38 Greiss reagent 0.5 ml (1:1 solution of  
1% sulphanilamide in 5% phosphoric acid and 0.1% 
N-(1-Naphthyl) ethylenediamine dihydrochloride 
in water) was added to 0.5 ml of  coronary effluent. 
The optical density at 550 nm was measured using a 
spectrophotometer. Nitrite concentration was calculated 
by comparison with spectrophotometer readings of  a 
standard solution of  sodium nitrite prepared in K-H 
buffer.33 Results were expressed as micromoles per liter 
(µM/L).

Statistical Analysis
All values have been expressed as the mean ± standard 
deviation (S.D). Using Microsoft Excel and GraphPad 

Figure 2: Effect of streptozotocin administration on serum 
glucose. 
Value is expressed as mean ± S.D. a=P<0.05 vs. control group.

Figure 3: Effect of I/R on myocardial infarct size, effect of is-
chemic postconditioning on myocardial infarct size in normal 
and diabetic rat heart, effect of vehicle on myocardial infarct 
size in diabetic rat heart, effect of hemin and BQ-123 alone or 
in combination with each other on myocardial infarct size in 
diabetic rat heart.
I/R denote ischemic reperfusion, IPOC denotes Ischemic post-conditioning, DM 
denotes diabetes mellitus. Values are expressed as mean ± S.D. a=P<0.05 vs. sham 
control; b=P<0.05 vs. I/R; c=P<0.05 vs. IPOC control; d=P<0.05 vs. IPOC in 
diabetic rat heart.
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prism 6.0, statistical analysis is performed. The data 
obtained from the various groups were statistically 
analyzed using one-way analysis of  variance (ANOVA) 
followed by Student Newman–Keuls Post hoc test 
(infarct size and glucose estimation) and repeated 
measures of  two-way ANOVA followed by Bonferroni 
Post hoc test (LDH, CK-MB and nitrite). P-value of  
less than 0.05 is measured as statistically substantial.

RESULTS

Effect of streptozotocin on serum blood glucose
In contrast to baseline values, the streptozotocin (50 
mg/kg i.p.)” substantially increases blood glucose 
(Figure 2).

Effect of IPOC and pharmacological intervention 
on myocardial infarct size
Global ischemia for 30 min. followed by 160 min. of  
reperfusion significantly increased the myocardial infarct 
size as compared to sham control. Four cycles of  5 min. 
of  reperfusion and 5 min. of  ischemia were sufficient 
to markedly prevent the ischemia reperfusion-induced 
increase in infarct size in normal rat heart but not in 
DRH. Though, pre-treatment with hemin and BQ-123 
alone or in combination significantly reestablished the 
IPOC tinduced reduction “in myocardial infarct size in 
the” DRH (Figure 3).

Effect of IPOC and pharmacological intervention 
on myocardial injury (LDH and CK-MB)
The release of  LDH and CK-MB increased significantly 
in comparison with sham after the global ischemia of  

30 min followed by reperfusion of  160 min. Four cycles 
of  reperfusion of  5 min and of  ischemia of  5 min were 
sufficient to prevent a substantial increase in LDH, 
CK-MB release in normal rats but not in diabetic rats. 
However, pre-treatment with hemin and BQ-123 alone 
or in combination significantly re-established the IPOC 
induced reduction “in the release of  LDH and CK-MB 
in the” DRH (Figure 4,5). 

Effect of IPOC and pharmacological intervention 
on nitrite release
Four occurrences of  IPOC significantly raised the nitrite 
release in normal rat heart coronary effluent compared 
to the ischemic-reperfusion control group, but not in 
isolated DRH. Hemin and BQ-123 treatment alone or 
in combination, knowingly improved nitrite release “in 
the DRH (Figure 6).

DISCUSSION
In this study, IPOC was adequate to significantly 
attenuate the I/R-induced increase in myocardial infarct 
size, LDH and CK-MB release and reduced release of  
nitrite as coronary effluent in normal rat heart.” These 
findings are as per our laboratory’s previous published 
study.13

Heme-oxygenase 1 (HO-1) has been located in 
plasma membrane caveolae, where caveolin interacts.39 
HO-1 triggers eNOS by the caveolin-eNOS complex 
disruption as well as promoting the release of  nitric 
oxide, which is well known endogenous molecules that 
produce cardioprotection against I/R injury.17,18,20,39,40 

In addition, “four cycles of  5 min of  ischemia and 

Figure 4: Effect of I/R on the release of LDH, effect of ischemic 
post conditioning on the release of LDH in normal and diabetic 
rat heart, effect of vehicle on the release of LDH in diabetic rat 
heart, effect of hemin and BQ-123 alone or in combination with 
each other on the release of LDH in diabetic rat heart. 
I/R denote ischemic reperfusion, IPOC denotes Ischemic post-conditioning, DM 
denotes diabetes mellitus. Values are expressed as mean ± S.D. a=P<0.05 vs. sham 
control; b=P<0.05 vs. I/R; c=P<0.05 vs. IPOC control; d=P<0.05 vs. IPOC in 
diabetic rat heart.

Figure 5: Effect of I/R on the release of CK-MB, effect of is-
chemic postconditioning on the release of CK-MB in normal 
and diabetic rat heart, effect of vehicle on the release of CK-
MB in diabetic rat heart, effect of hemin and BQ-123 alone or 
in combination with each other on the release of CK-MB in dia-
betic rat heart. 
I/R denote ischemic reperfusion, IPOC denotes Ischemic post-conditioning, DM 
denotes diabetes mellitus. Values are expressed as mean ± S.D. a=P<0.05 vs. sham 
control; b=P<0.05 vs. I/R; c=P<0.05 vs. IPOC control; d=P<0.05 vs. IPOC in 
diabetic rat heart.
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5 min of  reperfusion” can also modulate caveolin 
microenvironment and promote signalling involving 
myocardium protection against injury caused by I/R.41 
HO-1 expression and activity has been documented 
to be down-regulated in diabetic myocardium that 
subsequently down regulates the eNOS activity and 
exacerbates I/R injury.17,19,20 “In our study, IPOC induced 
cardioprotection, along with the release of  nitrite,” was 
significantly reduced in DRH compared to normal rat 
heart. This may be due to reduced HO-1 expression 
along with the subsequent reduction in eNOS activity. 
Pre-treatment of  diabetic rats with hemin, a specific 
HO-1 inducer, has significantly reinstated the IPOC’s 
cardioprotective effect in the present study as well as 
raised the NO release in the heart of  diabetic rat. It 
suggests that hemin treatment through activating HO-1 
enhances the release of  NO.
The powerful vasoconstrictor peptide endothelin-1 (ET-
1)42 is enabled in different cell types by cardiovascular risk 
factors. In recent years there have been a large number 
of  studies proposing that endothelin is involved in the 
mediation of  heart ischemic-reperfusion damage.43 

Though, production of  ET-1 is downregulated by the 
stress of  high shear as well as through the compounds 
that rise cyclic guanosine monophosphate’s (cGMP) 
levels.44 Endothelin-1 acts as the natural counterpart of  
NO. Plasma ET-1 levels are elevated during endothelial 
dysfunction and diabetes mellitus.26,27 In our study, one-
week pre-treatment, with BQ-123, re-established the 
attenuated cardioprotective function of  IPOC in the 
diabetic rat heart considerably relative to the untreated 
heart of  a diabetic rat noted in terms of  reduced infarct 
size and decrease in “LDH and CK-MB release and also 

Figure 6: Effect of I/R on the release of nitrite, effect of is-
chemic postconditioning on the release of nitrite in normal 
and diabetic rat heart, effect of vehicle on the release of nitrite 
in diabetic rat heart, effect of hemin and BQ-123 alone or in 
combination with each other on the release of nitrite in dia-
betic rat heart. 
I/R denote ischemic reperfusion, IPOC denotes Ischemic post-conditioning, DM 
denotes diabetes mellitus. Values are expressed as mean ± S.D. a=P<0.05 vs. sham 
control; b=P<0.05 vs. I/R; c=P<0.05 vs. IPOC control; d=P<0.05 vs. IPOC in 
diabetic rat heart.

increase in the release of  NO.” This finding supports 
that the infarct limiting effect of  the BQ-123 is mediated 
through NO. The protective effect is in all probability 
NO-dependent, as it has been shown that inhibiting 
NOS abolishes the protective effect of  antagonism to 
the ETA receptor.45

In addition, co-administration of  BQ-123 for one week 
and hemin for 18 hr before heart isolation in diabetic 
rats could not show any major cardioprotective effect 
of  IPOC in comparison to both drug’s individual 
administration in diabetic rat noted in terms of  infarct 
size along with the LDH and CK-MB release. After 
treatment with BQ-123 and hemin, the release of  NO 
was increased compared with individual drugs. It may 
be proposed that once the release of  NO achieves 
the threshold value by treatment with the individual 
drug, further increasing the release of  NO is unable to 
produce additional cardioprotection.

CONCLUSION
As per the above discussion, it may be concluded 
that hemin and BQ-123 restore the attenuated 
cardioprotective effect of  IPOC in DRH. This observed 
cardioprotection is due to an increase in the release of  
NO by hemin and BQ-123. Both HO-1 inducer and 
ETA receptor antagonist function in the same manner 
to produce IPOC mediated cardioprotection.
Our data indicate that individual administration with 
ischemic postconditioning of  both drugs hemin and 
BQ-123 defends the myocardium from the injury 
of  diabetes. Therefore, it is proposed that in diabetic 
patients undergoing cardiopulmonary bypass treatment 
with hemin and BQ-123 may “be a valuable adjunctive 
for myocardial defense during open-heart surgery.”

LIMITATIONS OF THE PRESENT STUDY
Ideally, Western blotting, which means to support the 
present study’s findings, should have evaluated the 
proposed HO-1 and ET-1 levels. 
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PICTORIAL ABSTRACT SUMMARY

• Upregulation of  HO-1 decreases the endothelin-1 
(ET-1) production which is a negative regulator 
of  NO. 

• In diabetes condition, level of  HO-1 is reduced 
while the level of  ET-1 gets elevated.

• In diabetic rat heart, cardioprotection mediated 
by the IPOC was significantly attenuated. 

• In our study, hemin administration, a selective 
HO-1 inducer and BQ-123, a selective ETA 
receptor antagonist, restored the attenuated 
cardioprotective impact of  IPOC in diabetic rats 
and also increased the release of  NO.

• Therefore, it is proposed that in diabetic patients 
undergoing cardiopulmonary bypass treatment 
with hemin and BQ-123 may be a beneficial 
adjunctive for myocardial defence during open 
heart surgery.
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