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Summary

1. This study examined the contribution of cytochrome P450 metabolites of arachidonic acid
in mediating ischaemia/reperfusion (I/R)-induced cardiac dysfunction in normal and
diabetic rats.

2. We first compared the metabolism of arachidonic acid in microsomes prepared from the
hearts of control rats and rats treated with streptozotocin (55 mg kg™1) to induce diabetes.
The production of dihydroxyeicosatrienoic acids and epoxyeicosatrienoic acids (EETS)
were similar in microsomes prepared from the hearts of control and diabetic rats, but the
production of 20-hydroxyeicosatetraenoic acid (20-HETE) was two-fold higher in diabetic
hearts than in control animals.

3. We then compared the change in left ventricular pressure (Pmax), left ventricular end-
diastolic pressure, coronary flow and coronary vascular resistance in isolated perfused hearts
obtained from control and diabetic animals after 40 min of global ischaemia (1) followed
by 30 min of reperfusion (R). The decline in cardiac function was three- to five-fold greater
in the hearts obtained from diabetic vs. control animals.

4. Pretreatment of the hearts with N-hydroxy-N'-(4-butyl-2-methyl-phenyl)-formamidine
(HETO0016,1 uM), a selective inhibitor of the synthesis of 20-HETE, for 30 min before I/R
resulted in significant improvement in the recovery of cardiac function in the hearts obtained
from diabetic but not in control rats. Perfusion with an inhibitor of soluble epoxide
hydrolase, 1-cyclohexyl-3-dodecyl urea (CDU), before I/R improved the recovery of
cardiac function in hearts obtained from both control and diabetic animals. Perfusion with
both HET0016 and CDU resulted in significantly better recovery of cardiac function of
diabetic hearts following I/R than that seen using either drug alone. Pretreatment of the
hearts with glibenclamide (1 uM), an inhibitor of ATP-sensitive potassium channels,
attenuated the cardioprotective effects of both CDU and HET0016.

5. This is the first study to suggest that acute blockade of the formation of 20-HETE and/or
reduced inactivation of EETs could be an important strategy to reduce cardiac dysfunction
following I/R events in diabetes.
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Introduction

Arachidonic acid (AA) is metabolized by cytochrome P450 (CYP450) enzymes to 20-
hydroxyeicosatetraenoic acid (20-HETE) and epoxyeicosatrienoic acids (EETS) in the heart,
brain, lung, kidney and peripheral blood vessels (Campbell et al., 1996; Roman, 2002; Kroetz
& Xu, 2005; Larsen et al., 2006; Campbell & Falck, 2007; Gross et al., 2007). 20-HETE is a
potent constrictor of renal, cerebral and mesenteric arterioles and small coronary arteries and
it plays an important role in the regulation of vascular tone in these vascular beds (Roman,
2002; Kroetz & Xu, 2005; Larsen et al., 2006). Increased production of 20-HETE has been
reported following ischaemia-reperfusion (I/R) injury in the heart and in rat models of
hypertension and diabetes (Roman, 2002; Nithipatikom et al., 2004, 2006a; Benter et al.,
2005a; Wang et al., 2006). Moreover, exogenous administration of 20-HETE increases I/R-
induced cardiac injury, whereas inhibition of the formation of 20-HETE is cardio-protective
(Nithipatikometal., 2004, 2006b). Similarly, inhibitors of the formation of 20-HETE markedly
reduce infarct size in the brain following transient occlusion and reperfusion of the middle
cerebral artery (Omura et al., 2006). Previous studies have indicated that the degree of
ischaemic injury and cardiac dysfunction is markedly enhanced in hearts of diabetic animals
and there is evidence that the expression of CYP450 enzymes and the production of 20-HETE
is elevated at least in the liver and kidney of diabetic animals (Shimojo et al., 1993; Han et
al., 2007; Muniyappa et al., 2007). Inhibitors of the formation of 20-HETE also attenuate
diabetes-induced vascular dysfunction in the rat carotid artery (Benter et al., 2005b). However,
potential contribution of 20-HETE to the enhanced susceptibility of the diabetic heart to I/R
injury has yet to be explored.

Cytochrome P450 enzymes of the CYP4502J2, CYP4502C8 and CYP4502C9 families
metabolize AA to EETs and are expressed in human heart, aorta and coronary artery (DelLozier
et al., 2007). There is evidence that EETs exert a cardioprotective role against myocardial
infarction (Seubert et al., 2004, 2007; Larsen et al., 2006; Nithipatikom et al., 2006b; Gauthier
etal., 2007; Gross et al., 2007). For example hearts from transgenic mice overexpressing
human CYP2J2 have improved functional recovery following I/R and exogenous
administration of 11,12-EET or 14,15-EET reduces infarct size in canine hearts subjected to
I/R injury (Seubert et al., 2004, 2007; Nithipatikom et al., 2006a,b). EETSs are hydrolysed by
soluble epoxide hydrolase (sEH) to less active dihydroxyeicosatrienoic acids (DIHETES) (Yu
et al., 2000; Fang et al., 2004; Spector et al., 2004). Inhibition of sEH enhances the
bioavailability of EETs and has been suggested as a possible means to improve myocardial
perfusion in cardiovascular disease states characterized by increased oxidative stress and
endothelial dysfunction such as hypertension and diabetes (Davis et al., 2002; Imig et al.,
2002; Zhao et al., 2004; Schmelzer et al., 2005). Thus, this study compared the metabolism of
AA by CYP450 enzymes in the hearts of diabetic and control animals and examined the effects
of an inhibitor of the formation of 20-HETE, N-hydroxy-N'-(4-butyl-2-methyl-phenyl)-
formamidine (HET0016), vs. a SEH inhibitor, 1-cyclohexyl-3-dodecyl urea (CDU), on the
recovery of cardiac function following global ischaemia of hearts obtained from diabetic and
control rats. Furthermore, several studies have suggested that the EETs have been shown to
activate mitochondrial Katp channels (mitoKatp) in mouse hearts (Seubert et al., 2004). We
therefore tested the importance of mitoK a1p in mediating the effects of HET0016 and CDU.

Materials and methods

General

Experiments were performed on male Wistar rats weighing approximately 300 g. The rats had
free access to food and water throughout the study. Diabetes was induced by a single i.p.
injection (55 mg kg1, body weight) of streptozotocin (STZ). Age-matched controls were
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injected with vehicle alone. Body weight and basal glucose levels were determined before and
48 h after injection of STZ. Rats with fasting blood glucose levels above 250 mg dI™1 were
considered diabetic and included in the study. The body weights and glucose levels of the rats
were determined 4 weeks later prior to killing the animals. The use of animals in these studies
was approved by Kuwait University Research Administration as the studies were performed
in accordance with National Institute of Health Guidelines for the Care and Use of Laboratory
Animals.

Metabolism of arachidonic acid

Cardiac tissue obtained from diabetic and non-diabetic rats was washed and homogenized in
a 10 mM KPO, buffer (pH 7.7) containing 250 mM sucrose, 1 mM EDTA, 10 mM MgCl, and
0.1 mM PMSF. Microsomes were prepared by differential\fugation as previously described
(Imigetal., 2002; Gross et al., 2007). The metabolism of AA to EETs, DIHETEs and 20-HETE
was determined by incubating the microsomes (0.5 mg of protein) with a saturating
concentration of 14C-AA (0.1 pCi, 42 uM) for 30 min at 37 °C in 1 ml of a 100 mM KPO,4
buffer (pH 7.4) containing 10 mM MgCl,, 1 mM EDTA, 1 mM NADPH and a NADPH-
regenerating system (10 mM isocitrate and isocitrate dehydrogenase, 0.4 U ml~1). The
reactions were terminated by acidification to pH 3.5 using 1 M formic acid and the samples
were extracted with ethyl acetate. The metabolites formed were separated using a 2 mm x 25
cm C18-reverse phase HPLC column and a linear elution gradient ranging from acetonitrile:
water:acetic acid (50/50/0.1) to acetonitrile: acetic acid (100/0.1) over 40 min. The products
formed were monitored using a radioactive flow detector Model 120 (Radiomatic Instrument
Co., Tampa, FL, USA). Values are expressed as picomoles formed per minute per milligram
of protein.

Ischaemia reperfusion studies

Rats were anaesthetized with thiopentone sodium (40 mg kg1 body weight) and their hearts
were removed after intravenous heparinization (1000 U kg~ body weight). The hearts were
mounted on the Langendorff apparatus (ML870B2 Langendorff System; ADI Instruments,
Panlab, Spain), and were perfused at a constant pressure of 50 mmHg with an oxygenated (95%
O, + 5% COy) Krebs—Henseleit (KH) buffer (37 °C) of the following composition (in mM):
NaCl 117; KCI 3.75; CaCl, 2.5; NaHCO3 20.0; KH,PO4 1.21; MgCl,.6H,0 1.2; glucose 12.0;
pH 7.35. A water-filled balloon was introduced into the left ventricle and connected to a
Statham pressure transducer (P23Db) and baseline end-diastolic pressure was adjusted to 5
mmHg. Left ventricular systolic (Pmax) and end-diastolic pressures (LVEDP) were
continuously monitored. Coronary flow (CF) was also measured using an electromagnetic flow
probe on tubing leading to the perfusion cannula so that coronary vascular resistance (CVR)
could be calculated. Perfusion pressure was measured from a side port near the tip of the aortic
cannula using a Statham pressure transducer and was maintained constant at 50 mmHg by
means of a perfusion pressure control module. The hearts were perfused for 30 min and then
subjected to 40 min of no flow global ischaemia (1) followed by a 30 min of reperfusion (R).
Post-I/R recovery of left ventricular function and haemodynamics was measured. The effects
of CDU and/or HET0016 on cardiac function were determined by adding various
concentrations of these inhibitor(s) to the KH perfusion solution during the 30-min perfusion
period before I/R.

Sixteen groups of animals were studied: Group 1 consisted of hearts obtained from non-diabetic
animals that was perfused with KH alone. In groups 24, the hearts obtained from non-diabetic
rats were pretreated with 0.01, 0.1 and 1.0 uM CDU, respectively. In groups 5-7, the hearts
obtained from non-diabetic animals were pretreated with 0.01, 0.1 and 1.0 pM HETO0016,
respectively. In Group 8, hearts obtained from non-diabetic rats were perfused with both
HET0016 (0.01 uM) and CDU (0.1 uM). Group 9 served as the control for hearts taken from
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diabetic animals. In groups 10-12, hearts obtained from diabetic animals pretreated with 0.01,
0.1and 1.0 uM CDU, respectively. In groups 13-15, hearts from diabetic rats were pretreated
with 0.01, 0.1 and 1.0 uM HETO0O016, respectively. Group 16 consisted of hearts obtained from
diabetic rats that were pretreated with both HET0016 (0.01 uM) and CDU (0.1 uM). In another
group of experiments, the effects of glibenclamide (1 uM), an inhibitor of ATP-sensitive
potassium channels, on the cardioprotective effects of CDU or HET0016 were investigated.
Glibenclamide was used to determine if the ATP-sensitive potassium channels are involved in
mediating the cardioprotective effect of CDU and HET0016. In this group of experiments, the
hearts obtained from diabetic rats were pretreated with CDU (1 uM) + glibenclamide or
HETO0016 (0.1 uM) + glibenclamide for 30 min prior to I/R.

Results are presented as mean values = SEM. Analysis of variance followed by a post hoc test
(Bonferroni) was used to determine the significance of differences in mean values between
treatment groups. The difference was considered to be significant when P-value was <0.05.
Results for the heart perfusion experiments are expressed as mean + SEM. Reperfusion values
were compared with their respective baseline controls using a two-tailed, paired t-test. The
different experimental groups were compared using a general factorial analysis of variance.
Computerized statistical analysis was performed with SPSS for Windows (V.6.0.1; SPSS Inc.
Evanston, IL, USA). For further comparisons, univariate Scheffes’ confidence intervals were
obtained for the parametric estimates.

Drugs and chemicals

Results

1-Cyclohexyl-3-dodecyl urea was obtained from Calbiochem Company (La Jolla, CA, USA).
N-hydroxy-N’-(4-butyl-2-methyl-phenyl)-formamidine (HET0016) was purchased from
Cayman Chemicals Company (Ann Arbor, ME, USA). Glibenclamide and the other chemicals
were purchased from Sigma Biochemicals (St Louis, MO, USA). Glibenclamide and HET0016
were dissolved in ethanol, while CDU was dissolved in dichloromethane.

Hyperglycaemia and body weights

Fasting plasma glucose levels averaged 460 + 15 mg dI1 in STZ-treated rats as compared with
90 + 6 mg dI 1 in the control animals. Body weight of the control animals averaged 327 +8 g
in comparison to body weight of the diabetic rats which fell to 197 + 6 g by the end of the
study.

Metabolism of AA

A comparison of the metabolism of AA in microsomes prepared from the hearts of diabetic
and control rats is presented in Fig. 1. Microsomes prepared from the hearts of control and
diabetic animals produce EETs, DIHETEs and 20-HETE when incubated with AA. The
production of 20-HETE was about two times higher in the hearts obtained from diabetic
animals than controls rats. The production of EETs and DIiHETEs, however, was not
significantly different in the hearts obtained from control and diabetic animals.

Ischaemia—reperfusion studies

Cardiac function following 40 min of ischaemia and 30 min of reperfusion (I/R) was markedly
impaired in hearts obtained from diabetic animals (Ppyax =4 + 2 mmHg, LVEDP =71.5+5.3
mmHg, CF = 0.3 + 0.1 ml min~1, CVR = 114.0 + 25.6 mmHg mI~1 min~1) compared to the
values seen in hearts obtained from non-diabetic rats (Pyax = 60 £ 4 mmHg, LVEDP = 20.0
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+2.0 mmHg, CF =7.0 £ 0.3 ml min~1, CVR = 18.0 + 1.4 mmHg mI~1 min1) (Tables 1 & 2
and Figs 2 & 3).

Effect of perfusion with an inhibitor of soluble epoxide hydrolase (CDU) on
recovery of cardiac function—Pretreatment of hearts obtained from diabetic rats with
CDU produced a dose-dependent improvement of all parameters of cardiac function following
I/R (Tables 1 & 2 and Figs 2 & 3). Perfusion with CDU also had a beneficial effect of the
recovery of the performance of the hearts obtained from non-diabetic animals but only at the
highest dose (1.0 uM) (Tables 1 & 2 and Figs 2 & 3). The effect of glibenclamide, an inhibitor
of ATP-sensitive potassium channels, on CDU-mediated cardioprotection was also
investigated. Combination treatment with CDU and glibenclamide before I/R resulted in
significant attenuation of the beneficial effects of CDU in both control and diabetic animals
(Tables 1 & 2 and Figs 2 & 3).

Effect of perfusion with an inhibitor of 20-HETE synthesis (HET0016) on
recovery of cardiac function—Perfusion with HET0016 before ischaemia had no
significant effect on the recovery of function following I/R in hearts obtained from non-diabetic
animals. However, pretreatment of the hearts of diabetic animals with HET0016 improved the
functional recovery following IR injury (Tables 1 & 2 and Figs 4 & 5). The best recovery was
seen using a concentration of 0.1 uM HETO0016. The effect of glibenclamide on HET0016-
mediated cardioprotection was also investigated. Combination treatment with HET0016 and
glibenclamide before I/R resulted in significant attenuation of the beneficial effects of
HETO0016 in diabetic animals (Tables 1 & 2 and Figs 4 & 5).

Effect of perfusion with acombination of CDU £+ HET0016 on recovery of cardiac
function—Pretreatment of the hearts of diabetic animals with a combination of CDU (0.1
uM) and HET0016 (0.01 uM) resulted in a much better recovery of function following I/R
injury than that seen when either drug was given alone (Tables 1 & 2 and Figs 6 & 7). We also
performed preliminary experiments investigating the benefit of combining 1 yM CDU with
0.1 uM HETO0016. However, this combination did not produce an additive effect.

Discussion

This study examined the possible role of CYP450 eicosanoids in contribution to cardiac
dysfunction following I/R in hearts from diabetic and control animals. The results indicate that
the production of 20-HETE but not EETs or DIHETEsS is elevated in cardiac tissue obtained
from diabetic animals and the hearts from diabetic animals showed poor recovery of function
following I/R injury. We also found that the performance of the hearts of diabetic animals can
be significantly improved by administration of HET0O016, a selective inhibitor of the formation
of 20-HETE, or by administration of the sEH inhibitor, CDU. HET0016 had no effect on the
functional recovery of hearts obtained from non-diabetic animals following I/R injury. These
results suggest that upregulation of the formation of 20-HETE in the hearts of diabetic animals
may contribute to increased injury following ischaemia. Overall, the present findings suggest
that inhibitors of the formation of 20-HETE and sEH may provide a novel and effective
therapeutic strategy to minimize cardiac dysfunction following I/R injury especially in
diabetes.

The present findings implicating a possible role for 20-HETE in cardiac ischaemia reperfusion
injury are consistent with the results of previous studies indicating that the levels of 20-HETE
in the coronary venous plasma are elevated in the late stages of ischaemia and early stages of
reperfusion and that inhibitors of the synthesis of 20-HETE reduce infarct size following
transient occlusion and reperfusion of the left descending coronary artery in dogs.
(Nithipatikom et al., 2004, 2006a). Our finding that the formation of 20-HETE is elevated in

Auton Autacoid Pharmacol. Author manuscript; available in PMC 2010 March 3.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Yousif et al.

Page 6

the hearts of diabetic animals is also consistent with previous reports that the expression and
activity of enzymes of the CYP4A family are elevated in the liver and kidney of diabetic
animals (Shimojo et al., 1993). Finally, the present results indicating that administration of
HETO0016 improved cardiac recovery in the hearts obtained from diabetic but not control
animals suggests that enhanced formation of 20-HETE in the hearts of diabetic rats may
contribute to the elevated I/R cardiac injury that occurs in diabetic rats. Overall, the present
findings are consistent with the results of a recent study in which inhibitors of the synthesis of
20-HETE attenuated N-nitro-L-arginine methyl ester-induced cardiac dysfunction in SHR
(Benter et al., 2005a). The present data suggest that the protective effects of HET0016 in the
diabetic hearts are at least partially due to opening of K(ATP) channels as co-administration
of HET0016 with glibenclamide attenuated the beneficial effects of HET0016 on the recovery
of cardiac function. This observation suggests that diabetes-induced increase in 20-HETE
levels may have an inhibitory effect on cardiac mitoK (ATP) channels during I/R similar to
the well-known effect of 20-HETE to block Ca2*-activated K* channels that share the same
Kir subunit (Gebremedhin et al., 2008). Another possible explanation for the mechanism of
action of 20-HETE inhibitors came from a recent study where it was shown that CYP «-
hydroxylase inhibition by HET0016 reduced the infarct size of heart, decreased DNA
fragmentation, reduced TUNEL-positive cells, attenuated caspase-3 activation, and modulated
genes associated with apoptosis in rats rendered ischaemia followed by reperfusion (Lv et
al., 2008). The authors of this study concluded that CYP w-hydroxylase inhibition protects I/
R-induced heart injury by reducing apoptosis associated with ERK1/2 activation (Lv et al.,
2008).

Recent studies have also suggested that EETs may oppose ischaemic damage to the heart
following I/R (Seubert et al., 2004, 2007; Nithipatikom et al., 2006b; Gauthier et al., 2007).
Indeed the present results indicating that administration of an inhibitor of SEH improved cardiac
function following I/R injury in hearts obtained from both control and diabetic animals are
consistent with this conclusion. Interestingly, the beneficial effects of CDU were greater in
hearts from diabetic than those obtained from non-diabetic rats. This difference in diabetic
hearts compared to controls could be due to diabetes-induced changes in metabolism of EETSs.
This hypothesis is supported by a previous observation which demonstrated that rates of
degradation of EETS are higher in diabetic mice because of elevated SEH mRNA expression
(Rodriguez & Clare-Salzler, 2006).

In this study, we also found that glibenclamide attenuated CDU-mediated cardioprotection
indicating that opening of mitoK(ATP) channels perhaps by increased levels of EETs may
oppose cardiac injury following I/R and contribute to in the improved function recovery seen
in hearts treated with CDU. This finding is in agreement with other reports which indicated
that KaTp channel activation in the myocardium may play an important role in the
cardioprotective actions of EETs (Seubert et al., 2004; Gauthier et al., 2007). Previous results
obtained in dogs demonstrated that the cardioprotective effect of the EETs was completely
blocked by glibenclamide (Lu et al., 2001). It has also been shown that activation of
sarcKa1p channels by EETs can protect against ischaemic cardiac reperfusion injury by
hyperpolarizing the cell, thereby limiting calcium entry, preserving ATP utilization, and
maintaining cardiac membrane potential and contractility (Lu et al., 2001). Batchu et al. have
recently shown that EETs improve functional recovery and reduce injury through enhanced
postischaemic ventricular repolarization and attenuated electrocardiogram abnormalities via
activation of sarcKatp channels and a PKA-dependent signalling (Batchu et al., 2009). EETs
have also been shown to produce cardioprotective effects through activation of the reperfusion
injury salvage kinase pathway which involves activation of the phosphatidylinositol 3-kinase/
Akt pathway (Seubert et al., 2004; Gross et al., 2007; Yellon & Hausenloy, 2007). In this study,
treatment with a combination of 1 uM CDU and 0.1 uM HETO0016 did not produce an additive
effect suggesting that these drugs might act on the same or convergent signalling pathways.
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However, our observation that pretreatment of the hearts with a combination of CDU (0.1

uM) and HET0016 (0.01 uM) resulted in a much better recovery of function following I/R
injury than that seen when either drug was given alone suggests that further studies will be
needed to characterize the mechanism of action of these drugs.

In summary, the results of this study suggest that inhibition of the formation of 20-HETE and
prevention of hydrolysis and inactivation of EETs have a beneficial effect on the recovery of
cardiac function following I/R injury especially in diabetic animals. These findings suggest
that inhibitors of the synthesis of 20-HETE and/or sEH inhibitors may have therapeutic
potential to reduce cardiac injury especially in diabetes in which oxidative stress is elevated
and endothelial function is compromised.
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Figure 1.

Cytochrome P-450 w-hydroxylase and epoxygenase activity in microsomes prepared from the
hearts of diabetic and non-diabetic rats: (a) 20-HETE formation was significantly elevated in
microsomes prepared from the hearts of diabetic rats as compared to the non-diabetic animals;
(b) DIHETEs and EETSs formation were not different between diabetic and non-diabetic rats.
Mean £ SEM (n = 5). *Significantly different compared to untreated control, P < 0.05.
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Figure 2.

Effect of CDU (0.01, 0.1 and 1.0 uM) and combination treatment with CDU (1.0 uM) and
glibenclamide (1 uM) on (a) % recovery in Ppyax and (b) LVEDP in perfused hearts of control
and diabetic rats. Mean + SEM (n = 5). *Significantly different compared to untreated control,
#Significantly different compared to untreated-STZ, tSignificantly different compared to
control-CDU, §Significantly different compared to STZ-CDU, P < 0.05.
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Figure 3.
Effect of CDU (0.01, 0.1 and 1.0 uM) and combination treatment with CDU (1.0 uM) and
glibenclamide (1 uM) on (a) % recovery in CF and (b) CVR in perfused hearts of control and
diabetic rats. Mean = SEM (n = 5). *Significantly different compared to untreated control,
#Significantly different compared to untreated-STZ, tSignificantly different compared to
control-CDU, §Significantly different compared to STZ-CDU, P < 0.05.
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Figure 4.

Effect of HET0016 (0.01, 0.1 and 1.0 uM) on (a) % recovery in Py and (b) LVEDP in
perfused hearts of control and diabetic rats. Effect of combination treatment with HET0016
(0.1 uM) and glibenclamide (1 uM) was investigated in hearts from diabetic rats only. Mean
+ SEM (n =5). *Significantly different compared to untreated control, #Significantly different
compared to untreated-STZ, 8Significantly different compared to STZ-HET0016, P < 0.05.
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Figure 5.

Effect of HET0016 (0.01, 0.1 and 1.0 uM) on (a) % recovery in CF and (b) CVR in perfused
hearts of of control and diabetic rats. Effect of combination treatment with HET0016 (0.1 uM)
and glibenclamide (1 uM) was investigated in hearts from diabetic rats only. Mean + SEM
(n =5). *Significantly different compared to untreated control, #Significantly different
compared to untreated-STZ, 8Significantly different compared to STZ-HET0016, P < 0.05.
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Effect of combined treatment with CDU (0.1 pM) and HET0016 (0.01 uM) on (a) % recovery
in Phax and (b) LVEDP in perfused hearts of control and diabetic rats. Mean £ SEM (n = 5).
*Significantly different compared to untreated control, #Significantly different compared to
untreated-STZ, P < 0.05.
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Figure 7.

Effect of combined treatment with CDU (0.1 pM) and HET0016 (0.01 uM) on (a) % recovery
in CF and (b) CVR in perfused hearts of of control and diabetic rats. Mean = SEM (n = 5).
*Significantly different compared to untreated control, #Significantly different compared to
untreated-STZ, P < 0.05.
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