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ARTICLE INFO ABSTRACT

Keywords: Background: Ischemic preconditioning (IPC) is the utmost capable design to achieve protection
Ischemia reperfusion injury over ischemia-reperfusion injury (I/R), but this phenomenon gets attenuated during various
PI3K pathological conditions like diabetes. Chrysin exhibits cardioprotection in various experiments
eolj(gisative stress however, its therapeutic potential on IPC-mediated cardioprotection via PI3K-Akt-eNOS pathway
Chrysin in streptozotocin (STZ) triggered diabetes-challenged rat heart is yet to be assessed. For that

reason, the experiment has been planned to investigate chrysin’s effect on the cardioprotective
action of IPC involving the PI3K-Akt-eNOS cascade in rat hearts challenged to diabetes.
Methods: The project was accomplished through means of absorbance studies for biochemical
parameters, infarct size measurement (TTC stain) and coronary flow.

Results: The findings of the present study revealed that STZ drastically augmented the serum
glucose level and the chrysin significantly reversed the IPC-stimulated increased coronary flow,
nitrite release, and reduced LDH (lactate dehydrogenase), CK-MB (creatine kinase) activities as
well as infarct size in diabetes-induced rat heart. Furthermore, chrysin also reversed the IPC-
induced reduction in oxidative stress in an isolated Langendorff’s perfused diabetic rat heart.
Moreover, four episodes of preconditioning by either PI3K or eNOS inhibitor in chrysin-pretreated
diabetic rat hearts significantly abolished the protective effect of chrysin.

Conclusion: Consequently, these observations suggested that chrysin increases the therapeutic
efficiency of IPC in mitigating I/R injury via PI3K-Akt-eNOS signalling in diabetes-challenged rat
hearts. Hence, chrysin could be a potential alternative option to IPC in diabetic rat hearts.
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1. Introduction

In the present-day context, ischemic heart disease (IHD) stands out as a significant contributor to mortality [1]. The prevalence of
IHD has increased with other comorbid situations such as ageing, diabetes, and hypertension [2-5]. It has been suggested that
reperfusion is essential to maintain the usual functioning of the heart to improve the prognosis of the patients [6-9] However, rapid
reperfusion threatens itself and causes irreversible myocardial injury [10]. Further, it is also documented that IPC i.e. controlled

(A)

STZ Injection Chrysin
(50mg/kg; i.p.) (60mg/kg; p.o)
v ’

\
1 24 30

!

Isolated heart will be mounted on Lagendorff’s
(B) apparatus, biochemical parameters will be
estimated

Group-1; Sham Control

[ 105 | 190'K-H |
Group-2; I/R Control

[ 10s | 30T [ 120'R |
Group-3; I/R in Chrysin (60 mg/kg; p.o) Pretreated Rat Heart

[ 10s | 30'1 | 120R |
Group 4; Ischemic Preconditioning

[(10s [s1[sRl [ T T T T T 301 ] 120'R |

Group 5; Ischemic Preconditioning in Diabetic Rat Heart

[[(10s [sulsR] | T T T T T 301 ] 120'R |
Group 6; Ischemic Preconditioning in Chrysin (60 mg/kg; p.o) Pretreated Diabetic Rat Heart

[[1os [sufsk] [ | [ [ [ [ 301 ] 120'R |
Group 7; Ischemic Preconditioning in Chrysin (60 mg/kg; p.o) Pretreated and LY294002 (10pM) Perfused Diabetic Rat Heart

s T Tal Tpl Tpl Tol o1 ] R |

[ Perfusion of LY294002 (10pM) )

Group 8; Ischemic Preconditioning in Chrysin (60 mg/kg; p.o) Pretreated and L-NAME (100pM/L) Perfused Diabetic Rat
Heart

s | |.?| |¢| |1‘| l‘l‘l 01| 120R |
[ Perfusion of L.NAME (100pM/L) |

Group 9; Ischemic Preconditioning in Chrysin (60 mg/kg; p.o) Pretreated, L.Y294002 (10 pM) and L-NAME (100pM/L)
Perfused Diabetic Rat Heart

s T Tpl Tpl Tpl Tal i ] ve |

| Perfusion of LY294002 (10uM) and L-NAME (100 pM/L) |

Fig-1. Diagrammatic representation of detailed experimental schedule (A) and protocol mounted on Langendorff’s apparatus (B).
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reperfusion through transient phases of ischemia as well as reperfusion alterations prior to an ischemic event mitigates I/R injury [11].
On the other hand, IPC’s cardiac-protective effects were greatly diminished in various conditions like menopause, hyperlipidemia,
ageing, hypertension, and diabetes [3,9,12-14].

Diabetes Mellitus (DM) represents a rapidly rising metabolic ailment linked to inflammation, from a diversity of complications, and
is the major reason for morbidity and mortality, which significantly compromise the various protective mechanisms of the heart [15,
16]. It has been suggested that increasing blood glucose level increase the prevalence rate of IHD [17,18]. In addition, it was shown
that IPC was suppressed in a diabetic animal model [9,19-21] while some other laboratories are conflicted in this regard [22-24].
Consequently, the exact mechanism implicated in the suppression of this endogenous defensive system in diabetic rats is still a matter
of considerable controversy.

A galaxy of preclinical studies has reported the contribution of the PI3K-Akt-eNOS route in cardioprotection by reducing oxidative
stress [25,26]. However, this pathway gets downregulated in diabetic conditions [25,26]. Consequently, it is possible that the
PI3K-Akt-eNOS signalling serves a function in the myocardial protection induced by IPC in diabetes.

Chrysin is a bioactive dietary phytochemical available in a variety of vegetables, fruits, medicinal plants propolis, honey, and
mushrooms [27-29]. Chrysin possesses neuroprotective, antiviral, antibacterial, hepatoprotective, antioxidant, anti-inflammatory,
anti-apoptotic, along with anti-cancer activities [30]. Further, chrysin reduces blood cholesterol and glucose levels, which are
effective parameters for maintaining normal cardiac functions [31-33]. However, it has been suggested that chrysin induces car-
dioprotection through its antioxidant properties [34]. Moreover, it has been documented that chrysin can activate PI3K/AKT and also
modulate endothelial nitric oxide (eNOS) in experimental animals [34-37].

Therefore, this study intended to assess chrysin’s impact on the cardioprotective action of IPC through the PI3K-Akt-eNOS pathway
in diabetes-challenged rat hearts.

2. Materials and procedures
2.1. Chemicals & reagents

Sigma (in St. Louis, MO, USA) provided chrysin, .-NAME, LY294002, Streptozotocin, as well as 2,3,5-Triphenyltetrazolium
chloride. LY294002 along with I-NAME were incorporated into freshly formulated Krebs-Henseleit (K-H) physiological salt solu-
tion. The remaining chemicals and reagents were collected from nearby suppliers (from Himedia Laboratories Pvt Ltd. in Mumbai as
well as Merck Pvt Ltd. in New Delhi). All the reagents as well as chemicals met the standards of analytical quality.

2.2. Experimental animals

Wistar albino were grouped at random and accommodated in polyacrylic enclosures, which were lined with husk, in accordance
with standard environmental factors (45-55 % of humidity, 24 + 2 °C temperature as well as 12:12 h rounds of daylight and darkness)
were sourced from the animal facility of GLA University’s Institute of Pharmaceutical Research, Mathura. Each animal was given
unrestricted access to feed pellets (Lipton India, Ltd., Mumbai) as well as water. Animals in a state of fasting (16-18 h of the derivation
of food) were used for the present experimental purpose. All procedures and protocols were carried out in compliance with the
Institutional Animal Ethical Committee’s (IAEC) approval (GLAIPR/CPCSEA/IAEC/2022/P.Col/R6) complying with the regulations of
CPCSEA or Commiittee for the Purpose of Control and Supervision of Experiments on Animals. Moreover, the experimentation methods
followed the guidelines for the care of laboratory animals as outlined by the National Research Council US Committee for Update of the
Guide for the Care and Use of Laboratory Animals [38].

2.3. Induction of diabetes mellitus in animals

Injection of STZ (50 mg/kg, intraperitoneally) [9,39] was administered to fasted rodents to markedly increase the amount of blood
glucose in experimental animals. The glucose level in blood was evaluated after seven days of STZ injection spectrophotometrically at
505 nm by using an enzymatic kit (Glucose estimation kit- 93DP100-74, ARKRAY Healthcare Pvt. Ltd., Surat, India) through
GOD/POD (glucose oxidase/pyruvate oxidase) method [40,41]. Animals’ blood glucose levels> 200 mg/dL are recognized to be
diabetic. Six weeks post STZ injection, the animals participated in the research.

2.4. Experimental procedure

The experimental procedure is shown in schematic Fig-1 (A) and (B). The animals were kept under the standard condition and
categorized into nine groups comprising six animals in each namely Sham, I/R, I/R + Chry, IPC, DM + IPC, DM + Chry + IPC, DM +
Chry + IPC + LY, DM + Chry + IPC + L-NAME and DM + Chry + IPC + LY + L-NAME in the present experimental protocol. Chrysin
was given via oral route at a dose of 60 mg/kg [42] for a week before the isolation of the heart to all the animals except Sham, I/R, IPC,
and DM + IPC group rodents. After 1 h of the last dose of Chrysin, animals were dissected and the heart was swiftly excised for
mounting on Langendorff’s apparatus. Moreover, LY294002 (10 pM) [43] and t.-NAME (100 pM/L) [44] was perfused for 5 min of
reperfusion phase of each IPC cycle to DM + Chry + IPC + LY, DM + Chry + IPC + L-NAME, and DM + Chry + IPC + LY + L-NAME
group animals respectively to evaluate the role of PI3K and NO. In each group, experiment-isolated rat hearts were stabilized for 10
min using Langendorff’s equipment. The heart of animals in the control group was subjected to perfusion for a duration of 190 min.
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Following the stabilization phase, the hearts in the I/R group experienced a 30-min period of ischemic challenge, succeeded by 120
min of reperfusion using K-H buffer solution which was freshly prepared. The heart exposed to IPC experienced a repetitive pattern of
5-min intervals of ischemia and reperfusion, which was then followed by a continuous 30-min period of ischemia and a subsequent
120-min reperfusion phase. This same protocol was administered to all hearts in the other animals within each group.

2.5. Isolated heart preparation

Heparin (250 U/kg; i.p.) was injected into the experimental animals to prevent clotting in the heart after that we swiftly excised the
heart, then promptly placed it onto Langendorff’s apparatus. This excised heart was put in an ice-cold K-H buffer solution with 118
mM NaCl, 4.7 mM KCl, 1.2 mM MgSOy, 1.2 mM KH5PO4, 20 mM sodium acetate, 1.7 mM CaCly, as well as 10 mM glucose, with a pH of
7.4. It was then exposed to an environment with O (95 %) as well as CO5 (5 %), at 37 °C, and enclosed within a dual-walled jacket with
water in circulation (37 °C). We collected coronary effluents to measure LDH and CK-MB activity, as well as nitrite concentration in the
coronary flow [11].

2.6. Cellular injury estimation

The extent of myocardial damage was assessed by analyzing the levels of LDH as well as CK-MB in coronary flow samples obtained
at different time intervals. The LDH as well as CK-MB levels in the perfusate were estimated through spectrophotometry after the
experiment using commercial LDH (LDH-74LS100-25, Span Diagnostics Ltd., Gujarat, India) and CK-MB (CK-MB-1102070210, Coral
Clinical Systems, Goa, India) detection kits [11].

2.7. Estimation of myocardial infarct area

The de-mounted heart was rinsed with phosphate buffer saline, frozen, stored (—20 °C) for half an hour, and then sliced (1 mm
thick) perpendicularly from the apex to the base. According to earlier publications, these slices underwent incubation in a 1 % TTC
with (pH 7.4 as well as temperature- 37 °C) for 10-15 min before being preserved in a 10 % formaldehyde solution [9,11]. The

infarcted area remained unstained, but the surrounding normal myocardium showed a brick-red colour. The percentage infarct area
(IA) was calculated as (%IA = IA/total area of slice x 100).

2.8. Estimation of nitrite

The level of nitrite was estimated through the standard protocol in coronary flow collected at different time points [45,46]. The
level of nitrite was expressed in pM.

3. Assessment of oxidative stress
3.1. Estimation of LPO activity

The malonaldehyde content (MDA) was used to estimate lipid peroxidation. The content of MDA was assessed using colourimetry at
a wavelength of 532 nm in the isolated heart and the measurements were given as pM of MDA/mg protein [47].

3.2. SOD activity estimation

Superoxide dismutase (SOD) activity is dependent on the formazan activity of NADH-phenazine methosulfate-nitro blue tetrazo-
lium (NBT), which was quantified using spectrophotometry at a wavelength of 560 nm. One unit of the enzyme was defined as a fifty
per cent reduction in NBT per minute per mg protein within the given assay parameters [48].

3.3. Catalase (CAT) activity estimation

Hydrogen peroxide was decomposed by catalase enzyme present in the isolated heart tissue, and it was detected by using a
spectrophotometer at 240 nm. Hence, the findings were shown as CAT activity units per minute per mg protein [49].

3.4. Analysis of the data

A two-way analysis of variance (ANOVA) was performed, and then Bonferroni’s post hoc test was performed. The statistical
analysis of coronary flow, nitrite enzyme levels, LDH and CK activities in the animals’ coronary effluent was conducted using the
Bonferroni’s test. One-way ANOVA was utilised for any subsequent statistical data analysis, and the Student Newman-Keuls post hoc
test was then employed to determine group significance. A significance level of P < 0.05 was noted.



G. Singh et al. Heliyon 9 (2023) €22052

4. Result
4.1. STZ injection enhances the serum glucose level

Fig-2 illustrates the impact of streptozotocin on serum glucose levels. Following STZ administration, there is a substantial elevation
in glucose levels of serum upon comparison to the control.

4.2. Chrysin restores the effect of IPC in I/R injury-stimulated decreased coronary flow in diabetic rats’ heart

Chrysin’s actions on IPC over I/R injury-induced alteration in coronary flow in the hearts of diabetic-challenged rats is displayed in
Fig-3. The statistical analysis indicated the presence of noteworthy distinctions among the groups [Fg 45 = 43.99, P < 0.05], time [F3
135 = 418.2, P < 0.05], along with a notable relation of experimental group and time [Fo4, 135 = 13.43, P < 0.05]. Further, Bonferroni’s
test revealed no notable variations in coronary blood flow during the basal duration between the rat groups. Nonetheless, IPC failed to
remarkably attenuate the diabetes-induced decrease in coronary flow rate. Moreover, chrysin significantly reversed the effect of IPC in
terms of an elevation in coronary flow rate in diabetic-challenged rat hearts. However, LY294002 and 1.-NAME reversed the effect of
chrysin in relation to the decline in coronary flow during the experiment in diabetic rat hearts. Over the course of the 120-min
experiment plan, this effect persisted.

4.3. Chrysin restores the effect of IPC in I/R injury-stimulated rise in LDH level in diabetic rat heart

Fig-4 depicts the effect of chrysin on IPC against I/R injury-triggered alteration in the level of LDH in diabetic-challenged rat hearts.
The statistical analysis demonstrated a notable distinction between the groups [Fg 45 = 31.32, P < 0.05], time [Fy g9 = 350.5, P <
0.05], and a noticeable connection in group and time [Fi6 9o = 16.02, P < 0.05]. Furthermore, the post hoc evaluation displayed no
remarkable variation in the level of LDH during basal time among the groups. However, IPC failed to significantly attenuate the
diabetes-induced increase in LDH levels. Moreover, chrysin significantly restored the effect of IPC in relation to a reduction in LDH
levels of diabetic-challenged rat hearts. However, LY294002 and 1.-NAME reverse the effect of chrysin in terms of a rise in LDH level
during the experiment in diabetic-challenged rat hearts.

4.4. Chrysin restores the effect of IPC in I/R injury-triggered rise in CK-MB level in diabetic rat heart

The effect of chrysin on IPC against I/R injury-stimulated alteration in CK-MB level of diabetic-challenged animal hearts is pre-
sented in Fig-5. The statistical analysis indicated significant variations among the groups [Fg 45 = 17.84, P < 0.05], time [F;, 45 =
816.0, P < 0.05], and a significant connection between the animal groups as well as time [Fg 45 = 31.51, P < 0.05]. In addition,
Bonfferoni’s test revealed that there was no significant variation in CK-MB level during the baseline time between the groups.
However, IPC failed to significantly reduce the diabetes-caused elevation in CK-MB levels. Moreover, chrysin dramatically reversed
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Fig-2. Effect of streptozotocin administration on the serum glucose level. All values are mean + standard error mean (SEM; n = 6). ?p<0.05 in
comparison to normal control.
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Fig-3. Effect of chrysin on IPC against I/R injury-triggered alteration in coronary flow of diabetic-challenged rat heart at different time points. All
values are mean + SEM (n = 6). p<0.05 in comparison to Sham, Pp < 0.05 compared to I/R, °p < 0.05 compared to I/R + Chry, %p < 0.05 in
comparison to IPC, ®p < 0.05 compared to DM + IPG, fp < 0.05 in comparison to DM + Chry + IPC (Two-way ANOVA subsequently followed by
Bonferroni post-hoc analysis).
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Fig-4. Effect of chrysin on IPC against I/R injury-triggered alteration in LDH level of diabetic-challenged rat heart at different time points. All values
are mean + SEM (n = 6). 2p<0.05 in comparison to Sham, ®p < 0.05 in comparison to I/R, p < 0.05 in comparison to I/R + Chry, 9p < 0.05 in
comparison to IPC, ®p < 0.05 in comparison to DM + IPC, fp < 0.05 in comparison to DM + Chry + IPC (Two-way ANOVA subsequently followed by
Bonferroni post-hoc analysis).

IPC’s impact in relation to suppression in CK-MB level of diabetic-challenged rat hearts. However, LY294002 and .-NAME reverse the
effect of chrysin in terms of an increase in CK-MB level during the experiment in diabetic-challenged rat hearts.

4.5. Chrysin restores the impact of IPC in I/R injury-stimulated reduction in nitrite levels in diabetic rat heart

The effect of chrysin on IPC against I/R injury-triggered alteration in nitrite level of diabetic-challenged animal hearts is presented
in Fig-6. Statistical data showed that significant variations exist among the experimental groups [Fg, 45 = 79.46, P < 0.05], time [F3, 135
= 403.1, P < 0.05], as well as a notable relation among the experimental groups and duration (time) [Fo4, 135 = 12.10, P < 0.05].
Moreover, the post hoc evaluation revealed that no significant change was observed in the level of nitrite during basal time among the
animal groups. However, IPC was not able to significantly decrease the diabetes-induced decrease in nitrite levels. Moreover, chrysin
significantly neutralised IPC’s effect in relation to an increase in nitrite levels of diabetic-challenged rat hearts. However, LY294002
and L.-NAME reverse the effect of chrysin in terms of a decrease in nitrite level during the experiment in diabetic-challenged rat hearts.
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Fig-5. Effect of chrysin on IPC against I/R injury-stimulated alteration in CK-MB level of diabetic-challenged rat heart at different time points. All
values are mean + SEM (n = 6). *p<0.05 in comparison to Sham, bp < 0.05 in comparison to I/R, °p < 0.05 in comparison to I/R + Chry, dp < 0.05
in comparison to IPC, ®p < 0.05 in comparison to DM + IPC, p < 0.05 in comparison to DM + Chry + IPC (Two-way ANOVA subsequently followed
by Bonferroni post-hoc analysis).
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Fig-6. Effect of chrysin on IPC against I/R injury-stimulated variation in nitrite level of diabetic-challenged rat heart at different time points. All
values are mean + SEM (n = 6). ®p<0.05 in comparison to Sham, ®p < 0.05 in comparison to I/R, °p < 0.05 in comparison to I/R + Chry, 9p < 0.05
in comparison to IPC, ®p < 0.05 in comparison to DM + IPC, p < 0.05 in comparison to DM + Chry + IPC (Two-way ANOVA subsequently followed
by Bonferroni post-hoc analysis).

4.6. Chrysin restores the effect of IPC in I/R injury-induced rise in the size of infarct in the heart of diabetic rats

Chrysin’s impact on IPC in I/R injury-induced alteration in infarct size in diabetic-challenged rat hearts is presented in Fig-7.
Statistical evaluation displayed notable alterations among the animal groups [Fg 45 = 31.16, P < 0.05]. Further, the post hoc
assessment displayed that IPC markedly reduced the I/R-triggered rise in the size of infarct. However, IPC was not able to significantly
decrease the diabetes-induced increase in infarct size. Moreover, pre-treatment of chrysin reversed IPC’s impact in relation to a
suppression in the size of the infarct during I/R injury in diabetic-challenged rat hearts. However, LY294002 and .-NAME reverse the
effect of chrysin in terms of the increase in infarct size during the experiment in diabetic-challenged rat hearts.

4.7. Chrysin restores the impact of IPC in I/R injury-triggered alteration in LPO, SOD, and CAT in diabetic rat heart

The effect of chrysin on IPC against I/R injury-induced alteration in the (A) LPO level and (B) SOD and (C) CAT activities in
diabetic-challenged rat hearts is represented in Fig-8. Statistical evaluation showed a notable alteration in the LPO level along with
SOD and CAT activities ([Fg, 45 = 30.88, P < 0.05], [Fg 45 = 27.53, P < 0.05] and [Fg 45 = 21.18, P < 0.05], respectively). Moreover,
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Fig-7. Effect of chrysin on IPC against I/R injury-triggered changes in infarct size in diabetic-challenged rat heart. All values are mean + SEM (n =
6). 3p<0.05 compared to Sham, ®p < 0.05 compared to I/R, °p < 0.05 compared to I/R + Chry, 9p < 0.05 compared to IPC, ®p < 0.05 compared to
DM + IPC, p < 0.05 compared to DM + Chry + IPC (One-way ANOVA subsequently followed by Student Newman-Keuls Post hoc analysis).

Bonfferoni’s test displayed that IPC remarkably reduced I/R-stimulated rise and fall in the LPO level along with the activities of SOD
and CAT, respectively. However, IPC was not able to significantly mitigate the diabetes-induced elevation in infarct size. Moreover,
pre-treatment of chrysin neutralised IPC’s action in relation to suppression and elevation in the level of LPO as well as the SOD and CAT
activities, respectively in I/R injury in diabetic-challenged rat hearts. However, LY294002 and .-NAME reverse the effect of chrysin
during the experiment in diabetic-challenged rat hearts.

5. Discussion

The present work demonstrates the stimulation of the PI3K-Akt-eNOS signalling mechanism by which chrysin renewed the effect of
IPC against I/R-triggered elevation in oxidative stress, LDH levels, infarct size as well as CK-MB levels, and decreased nitrite level in
diabetic-challenged rat heart. These observations were confirmed through the perfusion of LY294002 and 1-NAME (PI3K and eNOS
inhibitor) which notably attenuated the chrysin-stimulated restoration of IPC via PI3K-Akt-eNOS pathway in the isolated diabetic
animal heart. Therefore, for the first time, it can be inferred that chrysin has the potential to reinstate IPC’s effectiveness to prevent I/R
injury via PI3K-Akt-eNOS signalling in diabetic rats.

Ischemia-reperfusion is an experimental model that is widely recognized for investigating the mechanism of various drugs, given
the same biological-chemical changes observed in patients who were suffering from myocardial infarction [50-52]. The present study
demonstrates that I/R injury caused a decline in the coronary flow. Moreover, augmented myocardial infarct size, levels of LDH as well
as CK-MB, and suppressed level of nitrite which was collected in the coronary flow at various intervals have shown similar results as per
the previous studies of our laboratory [11]. However, IPC a healthy heart phenomenon protected the myocardium against I/R
injury-induced alterations. Nonetheless, in this study, the effect of the healthy heart phenomenon significantly attenuated in the
diabetic condition which is similar to our previously published reports [53]. The originality of the current work is that pre-treatment of
chrysin restored the beneficial actions of IPC in mitigating I/R-induced alterations which may be due to an increase in nitric oxide level
[54]. Other probable explanations include the triggering of the PI3K/Akt route, which is a very promising pathway to show car-
dioprotection, which is already reported by our laboratory [12,34]. These above-mentioned observations were confirmed through the
administration of LY294002 and t-NAME with chrysin, which showed that the protective effect of IPC was lost in relevant groups.
According to the above-mentioned observations, chrysin may be a preferable supplement choice for myocardial injury management in
diabetic animals.

The generation of reactive oxygen species (ROS) is the major culprit for the progression and development of myocardial damage
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Fig-8. Effect of chrysin on IPC against I/R injury-triggered variation in the level of (A) LPO and activities of (B) SOD and (C) CAT of diabetic-
challenged rat heart. All values are mean + SEM (n = 6). ?p<0.05 in comparison to Sham, bp < 0.05 compared to I/R, °p < 0.05 in comparison
to I/R + Chry, 9p < 0.05 compared in comparison to IPC, ®p < 0.05 in comparison to DM + IPC, fp < 0.05 in comparison to DM + Chry + IPC (One-

way ANOVA subsequently followed by Student Newman-Keuls Post hoc analysis).

during diabetes [55]. In our study, free radical production was observed during the I/R injury, free radicals consume the antioxidants
such as catalase leading to a disproportion between the oxidants as well as antioxidants within the myocyte, ultimately resulting in
myocyte death [50,51]. In our study, pre-treatment of chrysin restored the effect of IPC in I/R injury in relation to an increase in
activities of SOD, CAT, along with a reduction in LPO level in diabetic-challenged rat hearts. However, LY294002 and .-NAME reverse
the effect of chrysin during the experiment in diabetic-challenged rat hearts. Interestingly, this antioxidant effect of chrysin was
attributed to the existence of the hydroxyl group [56]. Additionally, reduction in oxidative strain through the stimulation of PI3K-Akt
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cascade is an important mechanism of chrysin [57]. These findings infer that chrysin restored the cardioprotective activity of IPC
perhaps through its antioxidant status via PI3K-Akt-eNOS pathway against I/R injury in diabetic-challenged animals.

6. Conclusion

In conclusion, the rejuvenating impact of IPC to manage I/R injury in diabetic experimental rat hearts was exhibited by chrysin, and
this was achieved through the PI3K-Akt-eNOS cascade. Further, through the PI3K-Akt-eNOS pathway, chrysin rescued the impact of
IPC in terms of correcting antioxidant status. Additionally, chrysin improves the coronary flow, and nitrite level, and suppresses the
levels of LDH, CK-MB, and the size of the infarct in the hearts of diabetic rats. However, LY294002 and .-NAME reversed the protective
effect of chrysin in terms of the above-mentioned biochemical observations in diabetic rats’ hearts. Hence, these findings suggest that
chrysin may serve as a promising substitute supplement to restore IPC’s protective effect against I/R injury in diabetic animals.
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