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Abstract

troponin | and caspase 3 in the treated groups.

Metformin and Sitagliptin.

Background: Acute myocardial infraction (AMI) is a leading cause of morbidity. As anti-diabetic drugs affect the
cardiovascular risk of diabetic patients independent of their glucose lowering effect, this study was aimed to explore
the cardioprotective effects of metformin, sitagliptin and dapagliflozin on electrocardiogram (ECG) changes, IL-1(,
troponin |, caspase 3 in isoprenaline (ISO) induced Ml in non-diabetic rats. The present study was conducted on 40
adult male Wistar albino rats. The rats were randomly assigned into 5 groups, 8 each: I-Normal Control (NC) group,
[I-ISO-induced MI control (ISO-MI) injected with ISO subcutaneously at a dose of 100 mg/kg to induce experimental
AMI. lI-A- Metformin treated 1SO-induced MI group (300 mg/kg/day), lIl-B-Sitagliptin treated ISO-induced MI group
(10 mg/kg/day) and IlI-C- Dapagliflozin treated ISO-induced MI group (5 mg/kg/day).

Results: Treated groups showed significant improvement at p < 0.05 of ECG parameters with a decrease HR, ST ampli-
tude and QT interval as compared to ISO-MI group. There was significant reduction at p <0.05 of serum levels of IL-1(3,

Conclusions: All medications proved to be effective in alleviating the harmful effects caused by ISO-induced Ml
evidenced by ECG readings and biochemical parameters. However, Dapagliflozin demonstrated a superior effect to

Keywords: Acute myocardial infarction, Antidiabetic cardioprotective effect, ECG

Background

Coronary heart disease (CHD) is one of the leading
causes of disability and death. Every one in five deaths
that occurs worldwide are attributed to an acute myocar-
dial infarction (AMI) (Taghipour et al. 2018; El-Moselhy
et al. 2018). Although mortality from AMI has been
reduced in recent years, morbidity remains high; in the
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form of cardiogenic shock, ventricular septal rupture,
acute mitral regurgitation, and right ventricular infarc-
tion (Bajaj et al. 2015).

AMI is the irreversible necrosis of the cardiomyocytes
resulting from extended myocardial ischemia (Frango-
giannis 2015). A pro-inflammatory response is initially
induced by the onset of myocardial ischemia. Inflamma-
tion aims at removing necrotic cell debris from the AMI
zone. Regulated processes: including complement cas-
cade activation, reactive oxygen species (ROS) produc-
tion, and release of damage associated molecular patterns
(DAMPs), control this phase through the production of
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different pro-inflammatory mediators, such as Inter-
leukin-1 (IL-1); regarded as the main cytokine mediat-
ing pro-inflammatory response, IL-6 and IL-8 as well as
tumor necrosis factor- a (TNF-a) (Ong et al. 2018), cells;
mainly cardiomyocytes (Frangogiannis 2015), resident
macrophages of the tissues (Chiou et al. 1995), endothe-
lial cells (Prabhu and Frangogiannis 2016), and neutro-
phils (Prabhu and Frangogiannis 2016). Consequently,
the ischemic injury will expand past the original MI zone
as the infiltrating leukocytes incite cardiomyocytes death
by attacking the viable border around the original dis-
eased area (Ong et al. 2018).

A reparative anti-inflammatory phase usually follows,
which allows healing of the wound and scar formation
(Ong et al. 2018). Apoptosis of neutrophils is consid-
ered the central mechanism of resolution of inflamma-
tion (Ortega-Gémez et al. 2013). There are a multitude of
pathways that activate apoptosis, most essentially leading
to the activation of caspases (Obeng 2021). In general,
caspase-mediated apoptosis pathways usually converge
on a common effector caspase, such as casp-3, to execute
the apoptotic function (Kim and Kang 2010). This pro-
cess was found to be present in the early phase in the bor-
der zone of the infarcted myocardium, emphasizing its
crucial role in acute myocardial loss after AMI (Olivetti
et al. 1996). Hence, apoptosis inhibition is appearing as
a potential therapeutic modality (Kang and Izumo 2003).

Anti-diabetic drugs affect the cardiovascular risk of
diabetic patients, lately this impact was shown to be
mostly independent of their glucose-lowering effects
(Younk et al. 2016). Metformin, commonly prescribed
for type 2 diabetes, acts as an insulin sensitizer by stimu-
lating muscle and hepatic AMP-activated protein kinase
(AMPK). Metformin possibly suppresses inflammatory
response by inhibition of NFkB through AMPK-depend-
ent and independent pathways. It was shown to inhibit
inflammatory response via AMPK-phosphatase and the
tensin homolog pathway in rat smooth muscle cells (Kim
and Choi 2012). Furthermore, metformin reduces the
production of NO, prostaglandin E2 and pro-inflamma-
tory cytokines such as IL-1f, IL-6 and TNF-a through
inhibition of NFxB activation in macrophages (Saisho
2015).

DPP-4 inhibitors, a relatively new anti-diabetic drug
class, prevents the breakdown of glucagon like pep-
tide-1 (GLP-1) (Gallwitz 2007), characterized by having a
potent blood glucose reducing effect only during periods
of hyperglycemia because it is responsible mainly for the
stimulation of insulin release and reduction of glucagon
secretion in a glucose dependent manner (Lovshin and
Drucker 2009; Singh 2014). Sitagliptin is the first drug of
this class to be approved in the US (Lovshin and Drucker
2009). This drug class was shown to reduce type 1 helper
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T cell (Th1l) immune response, stimulate Th2 anti-inflam-
matory cytokines secretion, and prevent the production
of pro-inflammatory cytokines (Wang et al. 2018).

Dapagliflozin belongs to another antidiabetic drug
class; the sodium glucose transporter 2 (SGLT2) inhibi-
tors. It blocks the renal SGLT2 co-transporter that is
responsible for reabsorption of 90% of the glucose, there-
fore it will selectively inhibit the reuptake of sodium and
glucose within the early proximal convoluted tubule of
the kidney, and this will lead to further reduction of the
renal threshold for glucose and hence, an increase in the
excretion of glucose in the urine (Fioretto et al. 2015).
SGLT-2 does not exist in cardiac tissues; therefore the
anti-inflammatory potential of dapagliflozin occurs inde-
pendent to SGLT-2 (Lahnwong et al. 2018a). The anti-
inflammatory effect of dapagliflozin is mediated mainly
through increasing the M2/M1 phenotype macrophage
ratio; subsequently dapagliflozin increases the anti-
inflammatory cytokine mRNA levels such as IL-10 and
decreased inflammatory cytokines mRNA levels such as
IL-1p and IL-6 (Gordon 2003).

Based on the current knowledge, this study aimed to
assess the effect of metformin, sitagliptin and dapagli-
flozin on electrocardiogram (ECG) changes, IL-1f, car-
diac troponin I (cTn-I), caspase 3 in isoprenaline (ISO)
induced MI in rats.

Methods

Drugs

ISO was purchased from Sigma-Aldrich, USA; Met-
formin. (Glucophage®) from Bristol-Myers Squibb); Sit-
agliptin (Januvia®) from Merck Sharp and Dohme; and
Dapagliflozin (Farxiga®) from Astrazeneca pharmaceuti-
cals LP.

Animals

The present study was conducted on 40 adult male Wistar
albino rats, 6 to 7 months old, weighing between 200 and
250 g each. The rats were kept under standard laboratory
conditions of light, temperature, and humidity with free
access to food and water in well ventilated animal cages,
each cage housed five animals. The rats were purchased
from the animal house of the Medical Physiology Depart-
ment, Alexandria Faculty of Medicine. All experimental
procedures were approved and performed in compliance
with the guidelines of the Local Ethics Committee of
Alexandria Faculty of Medicine, University of Alexandria
(IRB code 00012098-FWA: No. 00018699; membership
in International Council of Laboratory Animal science
organization ICLAS). All experimental procedures were
strictly carried out following the ethical guidelines.
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Study design
After 7 days of acclimatization, rats were randomly
assigned into 5 groups, 8 each: I-Normal Control (NC)
group, received 2 ml of 2% gum acacia (GA)orally for
14 days then injected with 1 ml saline SC in the last two
days; II-ISO-induced MI control (ISO-MI), received 2 ml
of 2% gum acacia orally for 14 days then injected with
ISO subcutaneously at a dose of 100 mg/kg body weight
dissolved in 1-ml normal saline to induce experimental
AM]I, in the last 2 day (El-Gohary and Allam 2017). In
the ISO-induced MI treated groups; all rats were injected
with ISO as previously described in the last 2 days: III-
A- Metformin treated group, received metformin sus-
pended in 2% gum acacia orally in a dose of 300 mg/kg/
day for 14 days (Whittington et al. 2013), III-B- Sitaglip-
tin treated group, received sitagliptin suspended in 2%
gum acacia orally in a dose of 10 mg/kg/day for 14 days
(Ibrahim et al. 2018); III-C-Dapagliflozin treated group:
received dapagliflozin suspended in 2% gum acacia orally
in a dose of 5 mg/kg/day for 14 days (Durak et al. 2018).
For assurance of experimental AMI induction by ISO,
some rats were dissected 24 h after the last ISO dose to
assess AMI macroscopically (Fig. 1).

ECG recording and analysis

Twenty-four hours after the last ISO injection, ECG was
performed on all the rats using the Powerlab system
(Transonic System Inc., USA). Ketamine (80 mg/kg) and
xylazine (10 mg/kg) were injected intramuscularly for
induction of anesthesia, analgesia, and muscle relaxation
(Veilleux-Lemieux et al. 2012). The ECG electrodes were
inserted subcutaneously in the anaesthetized rat’s limbs
in supine position for recording. ECG was recorded con-
tinuously for 3 min in each rat with standard artifact
free lead II (right forelimb to left hind limb) as lead II is

Fig. 1 Macroscopic picture of ISO induced acute myocardial
infarction in rats
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sufficient for the general analysis of ECG parameters in
rodents (Konopelski and Ufnal 2016). Heart rate (HR),
R-R, QT intervals, R wave amplitude and ST segment
were calculated from ECG recordings (Moradi-Arzeloo
etal. 2016).

Laboratory estimates

After ECG recording, whole blood specimens were col-
lected from retro-orbital venous plexus via capillary
tube. Sera were separated by centrifugation at1000xg for
15 min. Separated sera were stored at — 80 °C until fur-
ther biochemical analysis (El-Gohary and Allam 2017).
Rats were sacrificed afterwards by decapitation.

CTn-I (Abcam, Cat. No. ab246529), IL-1B (Sigma-
Aldrich, Cat. No. RAB0311) and Caspase-3 (My Bio-
Source, Cat. No.MBS261814) were measured in serum by
the corresponding ELISA kits according to the manufac-
turer’s manual. Results were expressed in pg/ml.

Statistical analysis of the data

Data were fed to the computer and analyzed using IBM
SPSS software package version 20.0. (Armonk, NY: IBM
Corp). The Kolmogorov—Smirnov test was used to ver-
ify the normality of distribution Quantitative data were
described using range (minimum and maximum), mean,
standard deviation, median and interquartile range
(IQR). All tests were two-tailed and P values <0.05 were
considered statistically significant. F-test (ANOVA) was
used for normally distributed quantitative variables, to
compare between more than two groups, and Post Hoc
test (Tukey) for pairwise comparisons.

Results

Changes in ECG tracing

Baseline ECG parameters were R-R interval (0.27 £0.02)
and QT interval (0.043 £ 0.008). After ISO injection there
was significant decrease of R-R interval to a mean value of
(0.224+0.01) and increase of QT interval (0.095 =+ 0.005)
(P<0.001). However, fourteen days of oral treatment with
metformin, sitagliptin or dapagliflozin were associated
with a significant increase in R-R interval by 9%, 13% and
27%, respectively, and a reduction in QT interval by 22%,
33% and 47%, respectively, as compared to ISO-induced
MI group (Table 1; Figs. 2A and 3).

The mean values in normal control group were
(247.4+31.68), (528.8-+51.39) and (94.74-29.19) for
HR, R amplitude and ST amplitude, respectively.After MI
induction by ISO injection there was significant increase
of HR (287.7 £16.72) (P <0.001), reduction in mean value
of R wave amplitude (308.4£7.86) (P<0.001) and signifi-
cant increase in ST segment (131.0413.09) as compared
to normal control rats. However, fourteen days of oral
treatment with metformin, sitagliptin or dapagliflozin
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Table 1 Comparison between the different studied groups according to different ECG parameters

Normal control I1SO induced MI Metformin Sitagliptin Dapagliflozin F P
R-R (s) 0274002 0.22"£001 024" £001 0.25* 4002 0.28"% 40,01 19.029" <005
HR (bpm) 247443168 2877 41672 256.0f413.98 236.5"4+23.22 2234% 41015 13.858" <005
QT (s) 0.043+0.008 0.095"40.005 0.074*40.006 0.063"% +0.007 0.050%%40.007 96537 <005
R (mv) 5288451.39 3084"+£7.86 376.17% 42286 4656 £7663 490.0" +54.8 33304 <005
ST (mv) 947442919 131.0"+13.09 100.6% £9.03 9453%4£16.12 44232709 23.168" <005

F: F for ANOVA test, Pairwise comparison bet. Each 2 groups was done using Post Hoc Test, (Tukey)
*Statistically significant at p <0.05, *: Significant between C-ve and each other group

* Significant between C+ ve and each other group, *: Significant between Metformin and each other group
&Significant between Sitagliptin and Dapagliflozin
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Fig. 2 ECG tracing in the different studied groups: a Normal control group, b ISO induced MI, showing significant increase of HR, decrease of R
amplitude and elevation of ST segment as compared to normal group, ¢ Metformin treated group, d Sitagliptin treated group, e Dapagliflozin
treated group showing significant reduction of HR, ST amplitude and QT interval as compared to other treated groups
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Fig. 3 ECG parameters among different studied groups *: Significant between normal control and each other group, #: Significant between C+ve
and each other group, $: Significant between Metformin and each other group and &: Significant between Sitagliptin and Dapagliflozin
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were associated with a significant reduction in HR by
11%, 17% and 22% respectively, However, R amplitude
was significantly increased by 22%, 51% and 59%, and ST
amplitude was significantly decreased by 23%, 28% and
66%, respectively, as compared to ISO-induced MI group
(Table 1; Figs. 2B and 3).

Biochemical laboratory estimates

Changes in IL-1 level

ISO-induced MI control group showed a statistically sig-
nificant increase in the level of IL-1f3 (134.0£5.16) when
compared to the normal control group (111.6+6.24)
(P<0.001). However, treatment leads to significant

reduction of serum IL-1f to a mean value (126.7 +4.22),
(121.5+4.74) and (116.8 £4.69) with metformin, sitag-
liptin and dapagliflozin, respectively. When comparing
the treated groups to the normal control group; IL-1p
level was still significantly higher in metformin and sitag-
liptin treated groups (P<0.001), on the other hand dapa-
gliflozin treated group showed no statistically significant
difference (Fig. 4).

Changes in casp-3 level

Apoptosis was biochemically evident by a nineteen
folds increase in Casp-3 level from a mean value of
(842.3£28.28) in normal control group to a mean value
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Fig. 4 Biochemical laboratory estimates among different studied groups *: Significant between normal control and each other group, #: Significant
between C+ve and each other group, $: Significant between Metformin and each other group and &: Significant between Sitagliptin and

of (1002.3+5.56) in ISO-induced MI control group.
However, treatment of the MI rats with metformin, sitag-
liptin and dapagliflozin lead to downregulation of Casp-3
with mean values of (945.4419.60), (916.3+£26.20)
and (879.1£26.10), respectively. Dapagliflozin-treated
group showed a significant decrease in the casp-3 level
as compared to metformin and sitagliptin treated groups
(P<0.001) (Fig. 4).

Changes in cTn-1 level

The assessment of cTn-I level as a marker of myocardial
injury was done. ISO-induced MI control group showed
a statistically significant increase in the level of cTn-I
(820.5+13.84) when compared to the normal Control
group (724.3+£8.60) (P<0.001). Additionally, treatment
with metformin, sitagliptin and dapagliflozin were asso-
ciated with significant reduction of cTn-1 to mean val-
ues of (783.6 £13.25), (767.04+20.01) and (750.1 £ 14.26)
respectively when compared to ISO-induced MI control
group (P<0.001). Dapagliflozin-treated group showed a
significant decrease in the cTn-I level when compared to
metformin treated group (P<0.001) (Fig. 4).

Discussion

The initial pathological event in myocardial infarction
(MI) is ischemia (Steffens et al. 2009). It induces a pro-
tective pro-inflammatory response. However, the exces-
sive production of inflammatory mediators such as
IL-1p and IL-6 will often lead to an increase in the size

of MI by inducing the death of cardiomyocytes (Ong
et al. 2018). Therefore, targeting this inflammatory pro-
cess is considered an important therapeutic strategy
to limit the size of the MI (Ong et al. 2018). Different
anti-diabetic drugs, such as biguanides (Metformin),
DPP-4 inhibitors (Sitagliptin) and SGLT2 inhibitors
(Dapagliflozin) have an anti-inflammatory potential,
which possibly gives these drugs a positive effect on
cardiovascular parameters independent of their glucose
lowering effect (Kothari et al. 2016). We investigated
the effect of Metformin, Sitagliptin and Dapagliflozin
on experimentally induced MI in non-diabetic rats,
expressed by effect on ECG changes, IL-1p, ¢Tn-I and
casp-3.

In the present study, ISO administration resulted in
significant alterations in ECG patterns when compared
to the normal control group. The changes included ST
segment elevation which reflects the potential difference
in the boundary between ischemic and non-ischemic
zones, decreased R wave amplitude due to myocardial
edema. Increase HR was evident resulting from positive
chronotropic effect of ISO that lead to inadequate blood
flow to the heart and coronary hypoperfusion. In addi-
tion, ISO administration caused QT interval prolonga-
tion related to ventricular functional abnormality due to
oxidative stress and as a consequence membrane damage
could be a potential risk for ventricular arrhythmia and
sudden cardiac collapse and finally shortened R-R inter-
val due to increased HR. These changes were attributed
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to the potential ischemia and infarction induced by ISO
(Moradi-Arzeloo et al. 2016).

ISO-induced MI control group showed a statistically
significant increase in the level of cTn-1, IL-1p and casp-3
when compared to the normal control group. The sig-
nificant increase in serum levels of ¢Tn-I was expected
as cardiomyocyte damage due to excessive production
of ROS and cytotoxic free radicals in ISO induced MI
resulted in the disruption of the integrity and function
of myocardial membranes, releasing intracellular car-
diac enzymes such as the ¢Tn-I (Huang et al. 2018). IL-1
significant elevation is supported by Huang et al. (2018),
as ISO administration resulted in increased production
of pro-inflammatory cytokines such as IL-1B explained
by phosphorylation of NF-kB and its translocation from
the cytoplasm to the nucleus induces overexpression of
pro-inflammatory cytokines (Ojha et al. 2015). IL-1 is an
essential player in the stimulation of the inflammatory
response post-infarction and cardiac remodeling (Ong
et al. 2018). Casp-3 is perceived to be the most impor-
tant casp of the terminal apoptotic pathway (Kim and
Kang 2010). Its serum level increase during an MI due to
mitochondrial and lysosymal destabilization (Sahu et al.
2014).

After Metformin treatment, significant improvement in
cardiac ECG parameters such as lower ST segment eleva-
tion, higher R wave amplitude, slower HR, prolonged R-R
and shortened QT interval were detected in comparison
to ISO group; thus, reducing the myocardial oxygen con-
sumption and the extent of necrosis. Similar normali-
zation of the prolonged QT interval and shortened R-R
interval were noticed in doxorubicin induced abnormal
ECG (Emeka and Al-Ahmed 2017). These cardiopro-
tective effects were explained by the anti-inflammatory,
anti-apoptotic and antioxidant properties of metformin
(Soraya et al. 2012; Al-Kuraishy and Hussein 2017).
Zhang et al. (2020) elaborated that Metformin can acti-
vate AMPK and inhibit NLRP3 inflammasome activation
in myocardial infarction manifested by decreased level of
IL-1, in accordance with our results. Likely, Al-Kuraishy
and Hussein (2017) showed that pretreatment with Met-
formin could offer significant cardioprotection by reduc-
ing the serum levels of casp-3 and cTn-I in doxorubicin
induced cardiotoxicity in rats due to AMPK activation.
While Al Rasheed et al. (2018) described lower ¢Tn-I and
CK-MB in ISO induced MI by the ability of metformin to
inhibit NF-«B activation in vascular smooth muscle cells
and endothelial cells. Moreover, the opening of the mito-
chondrial Permeability Transition Pore protein (mPTP);
responsible for reperfusion injury, is regulated mainly
by phosphoinositide 3- kinase (PI3K) and protein kinase
B (Akt) pathways.It was shown that Metformin could
stimulate downstream kinases of the Reperfusion Injury
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Salvage Kinase (RISK) pathway and increase Akt phos-
phorylation if administrated during reperfusion, subse-
quently preventing the opening of the mPTP’s (Bhamra
et al. 2008).

Comparably pretreatment with Sitagliptin significantly
lowered ST segment elevation, increased R wave ampli-
tude, decreased HR, prolonged R-R and shortened QT
interval when compared to ISO-treated group. Khodeer
et al. (2019), El-Bakly (2015) and El-Agamy et al. (2016)
exhibited similar ECG results. Pretreatment with Sitag-
liptin reduced cTn-I when compared to ISO induced MI
group, this finding was previously explained by its abil-
ity to activate c-:AMP dependent protein kinase by GLP-1
(El-Bakly 2015), and phosphatidylinositol 3-kinase (PI
3-kinase) which are responsible for protection against
ischemia reperfusion (I/R) injury (Bose et al. 2005).
IL-1PB serum level was also significantly less than in the
untreated ISO group in our study, and along with other
inflammatory cytokines such as IL-6 and TNF-a as it was
found to suppress NF-«kB activation and its translocation
to the nucleus in the cardiomyocytes (Lin and Lin 2016).
Chang et al. (2013) communicated that Sitagliptin could
reduce myocardial injury and apoptosis in I/R injury rat
model by increasing phosphorylation levels of Akt and
Bax associated with reducing expression levels of Casp-
3, as proven in our study. Moreover, Sitagliptin could
up-regulate Bcl-2 expression, resulting in decreased Bax/
Bcl-2 ratio in I/R rats through activation of PI3K/Akt
pathway.

Dapagliflozin treated group showed significant
improvements in all recorded ECG parameters when
compared to the ISO group. Consistent with our findings,
Durak et al. (2018) reported that treatment with Dapagli-
flozin improved the prolonged QT-interval in ECG as it
attenuated the augmentation of depressed voltage-gated
K*-channel currents which resulted into improving the
prolonged ventricular repolarization.

Moreover, Dapagliflozin treated group was found to
have significantlylarger R wave amplitude when com-
pared to Metformin treated group; possibly due to the
capacity of Dapagliflozin to decrease cardiac mitochon-
drial dysfunction, reduce mitochondrial ROS produc-
tion and attenuate cardiomyocyte apoptosis (Aarsman
and Bosch 1981). Also, Dapagliflozin had a significantly
lower HR; and consequently, longer R-R interval; when
compared to Metformin treated group. The ability of
Dapagliflozin to delay time of onset of first ventricular
tachycardia and ventricular fibrillation which occurs usu-
ally as a complication of MI and lower arrhythmia score
is a rational explanation to this finding (Aarsman and
Bosch 1981).

Finally, Dapagliflozin treated group showed a sig-
nificant decrease in the QT interval as compared to the
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Metformin and Sitagliptin treated groups. Dapagliflozin
augmentation of certain ionic channels explains its bet-
ter results as treatment with Dapagliflozin was associated
with improvements in prolonged ventricular repolariza-
tion due to the augmentation in depressed voltage-gated
K*-channel currents (Health and Population 1984).

While Agoestina and Keep (1984) showed that Dapa-
gliflozin could effectively lower the CTn-T, in accordance
with our results by stabilizing the myocardial mem-
branes; Lee et al. (2017) demonstrated reduced IL-1p
as assured by our findings, increased IL-10, as well as
increased ratio of M2/M1 phenotype macrophage by rea-
son of Dapagliflozin ability to stimulate polarization of
macrophages to an anti-inflammatory phenotype (Lah-
nwong et al. 2018b). Tanjak et al. (2018) demonstrated
that 4 weeks treatment with Dapagliflozin in rats with
myocardial I/R injury could decrease the levels of casp-3
as we demonstrated and decrease Bax/Bcl-2 ratio since
Dapagliflozin suppresses the endoplasmic reticulum
stress pathway stimulated by hypoxia and ROS exposure
which results in abnormal protein folding and matura-
tion leading to apoptosis (Shih et al. 2020).

Conclusions

This study explored the cardioprotective effects of differ-
ent classes of oral antidiabetic drugs in non-diabetic rats.
All medications proved to be effective in alleviating the
harmful effects caused by ISO evidenced by ECG read-
ings and biochemical parameters. However, Dapagliflozin
seems to be superior to Metformin and Sitagliptin.

Abbreviations

AMI: Acute myocardial infraction; AMPK: AMP-activated protein kinase; CHD:
Coronary heart disease; cTn-I: Cardiac troponin |; DAMPs: Damage associated
molecular patterns; ECG: On electrocardiogram; GA: Gum acacia; GLP-1: Gluca-
gon like peptide-1; HR: Heart rate; I/R: Ischemia reperfusion; ISO: Isoprenaline;
ISO-MI: ISO-induced MI control; MI: Myocardial infarction; NC: Normal control;
ROS: Reactive oxygen species; SGLT2: Sodium glucose transporter 2; Th1: Type
1 helper T cell; TNF-a: As tumor necrosis factor-a.

Acknowledgements
Not applicable.

Author contributions

MI, MK and MM had substantial contributions to the conception and design of
the work. All authors were responsible for the acquisition, analysis, and inter-
pretation of data for the work. SE and NB were responsible for drafting the
work and all authors revised it critically for important intellectual content and
approval of the version to be published. All authors agree to be accountable
for all aspects of the work in ensuring that questions related to the accuracy or
integrity of any part of the work are appropriately investigated and resolved.
All authors read and approved the final manuscript.

Funding
Authors received no funding during this research.

Availability of data and materials
The datasets used and/or analyzed during the Current study is available from
the corresponding author on reasonable request.

Page 8 of 9

Declarations

Ethical approval and consent to participate

This an experimental animal study. All experimental procedures were
approved and performed in compliance with the guidelines of the Local Eth-
ics Committee of Alexandria Faculty of Medicine, University of Alexandria (IRB
code 00012098-FWA: No. 00018699; membership in International Council of
Laboratory Animal science organization ICLAS). All experimental procedures
were strictly carried out following the ethical guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Author details

'Department of Clinical Pharmacology, Faculty of Medicine, Alexandria Univer-
sity, Alexandria, Egypt. “Department of Medical Physiology, Faculty of Medi-
cine, Alexandria University, Alexandria, Egypt.

Received: 14 March 2022 Accepted: 12 April 2022
Published online: 25 April 2022

References

Aarsman AJ, van den Bosch H (1981) Comparative action of lysophospho-
lipases on acyl-oxyester and acyl-thioester substrates in micellar and
membrane-bound form. Chem Phys Lipids 29:267-275

Agoestina T, van Keep PA (1984) The climacteric in Bandung, West Java prov-
ince, Indonesia. A survey of 1025 women between 40-55 years of age.
Maturitas 6:327-333

Al-Kuraishy H, Hussein R (2017) Caspase-3 levels (CASP-3) in doxorubicin
induced-cardiotoxicity: role of metformin pretreatment. Res J Oncol
1:1054-1059

Al-Rasheed NM, Al-Rasheed NM, Al-Rabeeah DA, Al-Barrak HS, Al-Salman
SA, Ibrahim SA et al (2018) Possible protective mechanisms exerted by
metformin or metformin and vitamin E in isoproterenol-induced cardiac
injury. J Cell Biochem 119:3903-12

Bajaj A, Sethi A, Rathor P, Suppogu N, Sethi A (2015) Acute Complications of
Myocardial Infarction in the Current Era: Diagnosis and Management. J
Investig Med 63:844-55

Bhamra GS, Hausenloy DJ, Davidson SM, Carr RD, Paiva M, Wynne AM et al
(2008) Metformin protects the ischemic heart by the Akt-mediated
inhibition of mitochondrial permeability transition pore opening. Basic
Res Cardiol 103:274-84

Bose AK, Mocanu MM, Carr RD, Brand CL, Yellon DM (2005) Glucagon-like
peptide 1 can directly protect the heart against ischemia/reperfusion
injury. Diabetes 54:146-151

Chang G, Zhang P, Ye L, Lu K, Wang Y, Duan Q et al (2013) Protective effects
of sitagliptin on myocardial injury and cardiac function in an ischemia/
reperfusion rat model. Eur J Pharmacol 718:105-13

Chiou LG, Ling JY, Chang CC (1995) Beta-Eudesmol as an antidote for intoxica-
tion from organophosphorus anticholinesterase agents. Eur J Pharmacol
292:151-6

Durak A, OlgarY, Degirmenci S, Akkus E, Tuncay E, Turan B (2018) A SGLT2
inhibitor dapagliflozin suppresses prolonged ventricular-repolarization
through augmentation of mitochondrial function in insulin-resistant
metabolic syndrome rats. Cardiovasc Diabetol 17:144

El-Agamy DS, Abo-Haded HM, Elkablawy MA (2016) Cardioprotective effects
of sitagliptin against doxorubicin-induced cardiotoxicity in rats. Exp Biol
Med (Maywood) 241:1577-1587

El-Bakly W (2015) Possible protective mechanisms of Sitagliptin against iso-
proternol induced myocardial injury in rat. Ain Shams J Forens Med Clin
Toxicol 24:11-20

El-Gohary OA, Allam MM (2017) Effect of vitamin D on isoprenaline-induced
myocardial infarction in rats: possible role of peroxisome proliferator-
activated receptor-y. Can J Physiol Pharmacol 95:641-6



Ibrahim et al. Bulletin of the National Research Centre (2022) 46:123

El-Moselhy E, Mohammed A, Abd EI-Aziz A, Sadek |, Hagrass S, Farag G (2018)
Coronary artery disease among elderly egyptian patients: I. Socio-demo-
graphic, lifestyle, psychosocial, medical, and biochemical risk factors. Am
J Gerentol Geriatr 1:1006

Emeka PM, Al-Ahmed A (2017) Effect of metformin on ECG, HR and BP of
rats administered with cardiotoxic agent doxorubicin. Int J Basic Clin
Pharmacol 6:1054-9

Fioretto P, Giaccari A, Sesti G (2015) Efficacy and safety of dapagliflozin, a
sodium glucose cotransporter 2 (SGLT2) inhibitor, in diabetes mellitus.
Cardiovasc Diabetol 14:142

Frangogiannis NG (2015) Pathophysiology of myocardial infarction. Compr
Physiol 5:1841-1875

Gallwitz B (2007) Review of sitagliptin phosphate: a novel treatment for type 2
diabetes. Vasc Health Risk Manag 3:203-10

Gordon S (2003) Alternative activation of macrophages. Nat Rev Immunol
3:23-35

Health and Population (1984) Bol Oficina Sanit Panam 97:451-64

Huang H, Geng Q, Yao H, Shen Z, Wu Z, Miao X et al (2018) Protective effect of
scutellarin on myocardial infarction induced by isoprenaline in rats. Iran J
Basic Med Sci 21:267-276

Ibrahim MA, Geddawy A, Abdel-Wahab S (2018) Sitagliptin prevents isopro-
terenol-induced myocardial infarction in rats by modulating nitric oxide
synthase enzymes. Eur J Pharmacol 829:63-9

Kang PM, Izumo S (2003) Apoptosis in heart: basic mechanisms and implica-
tions in cardiovascular diseases. Trends Mol Med 9:177-82

Khodeer DM, Bilasy SE, Farag NE, Mehana AE, Elbaz AA (2019) Sitagliptin
protects diabetic rats with acute myocardial infarction through induc-
tion of angiogenesis: role of IGF-1 and VEGF. Can J Physiol Pharmacol
97:1053-1063

Kim SA, Choi HC (2012) Metformin inhibits inflammatory response via AMPK-
PTEN pathway in vascular smooth muscle cells. Biochem Biophys Res
Commun 425:866-872

Kim NH, Kang PM (2010) Apoptosis in cardiovascular diseases: mechanism and
clinical implications. Korean Circ J 40:299-305

Konopelski P, Ufnal M (2016) Electrocardiography in rats: a comparison to
human. Physiol Res 65:717-25

KothariV, Galdo JA, Mathews ST (2016) Hypoglycemic agents and potential
anti-inflammatory activity. J Inflamm Res 9:27-38

Lahnwong S, Chattipakorn SC, Chattipakorn N (2018a) Potential mechanisms
responsible for cardioprotective effects of sodium—-glucose co-trans-
porter 2 inhibitors. Cardiovasc Diabetol 17:101

Lahnwong S, Chattipakorn SC, Chattipakorn N (2018) Potential mechanisms
responsible for cardioprotective effects of sodium-glucose co-transporter
2 inhibitors. Cardiovasc Diabetol 17:101

Lee TM, Chang NG, Lin SZ (2017) Dapagliflozin, a selective SGLT2 Inhibitor,
attenuated cardiac fibrosis by regulating the macrophage polarization via
STAT3 signaling in infarcted rat hearts. Free Radic Biol Med 104:298-310

Lin CH, Lin CC (2016) Sitagliptin attenuates inflammatory responses in
lipopolysaccharide-stimulated cardiomyocytes via nuclear factor-«B
pathway inhibition. Exp Ther Med 11:2609-2615

Lovshin JA, Drucker DJ (2009) Incretin-based therapies for type 2 diabetes
mellitus. Nat Rev Endocrinol 5:2262-9

Moradi-Arzeloo M, Farshid AA, Tamaddonfard E, Asri-Rezaei S (2016) Effects
of histidine and vitamin C on isoproterenol-induced acute myocardial
infarction in rats. Vet Res Forum 7:47-54

Obeng E (2021) Apoptosis (programmed cell death) and its signals: a review.
Braz J Biol 81:1133-43

Ojha S, Azimullah S, Mohanraj R, Sharma C, Yasin J, Arya D et al (2015) Thy-
mogquinone protects against myocardial ischemic injury by mitigating
oxidative stress and inflammation. Evid Based Complement Altern Med
2015:1-12

Olivetti G, Quaini F, Sala R, Lagrasta C, Corradi D, Bonacina E et al (1996) Acute
myocardial infarction in humans is associated with activation of pro-
grammed myocyte cell death in the surviving portion of the heart. J Mol
Cell Cardiol 28:2005-16

Ong SB, Herndndez-Reséndiz S, Crespo-Avilan GE, Mukhametshina RT, Kwek
XY, Cabrera-Fuentes HA et al (2018) Inflammation following acute myo-
cardial infarction: Multiple players, dynamic roles, and novel therapeutic
opportunities. Pharmacol Ther 186:73-87

Ortega-Gomez A, Perretti M, Soehnlein O (2013) Resolution of inflammation:
an integrated view. EMBO Mol Med 5:661-674

Page 9 of 9

Prabhu SD, Frangogiannis NG (2016) The biological basis for cardiac repair after
myocardial infarction: from inflammation to fibrosis. Circ Res 119:91-112

Sahu BD, Anubolu H, Koneru M, Kumar JM, Kuncha M, Rachamalla SS et al
(2014) Cardioprotective effect of embelin on isoproterenol-induced myo-
cardial injury in rats: possible involvement of mitochondrial dysfunction
and apoptosis. Life Sci 107:59-67

Saisho Y (2015) Metformin and inflammation: its potential beyond glucose-
lowering effect. Endocr Metab Immune Disord Drug Targets 15:196-205

Shih J-Y, Lin Y-W, Fisch S, Cheng J-T, Kang N-W, Hong C-S et al (2020) Dapagli-
flozin suppresses ER stress and improves subclinical myocardial function
in diabetes: from bedside to bench. Diabetes 70:262-267

Singh AK (2014) Dipeptidyl peptidase-4 inhibitors: novel mechanism of
actions. Indian J Endocrinol Metab 18:753-9

Soraya H, Khorrami A, Garjani A, Maleki-Dizaji N, Garjani A (2012) Acute treat-
ment with metformin improves cardiac function following isoproterenol
induced myocardial infarction in rats. Pharmacol Rep 64:1476-84

Steffens S, Montecucco F, Mach F (2009) The inflammatory response as a
target to reduce myocardial ischaemia and reperfusion injury. Thromb
Haemost 102:240-247

Taghipour B, Froelicher ES, Goudarzian AH, Chan YH, Nia HS, Yaghoobzadeh A
et al (2018) Clinical manifestation of acute myocardial infarction: classified
by age and gender. Crit Care Nurs J 1:068676-1

Tanajak P, Sa-Nguanmoo P, Sivasinprasasn S, Thummasorn S, Siri-Angkul
N, Chattipakorn SC et al (2018) Cardioprotection of dapagliflozin and
vildagliptin in rats with cardiac ischemia-reperfusion injury. J Endocrinol
236:69-84

Veilleux-Lemieux D, Beaudry F, Hélie P, Vachon P (2012) Effects of endotoxemia
on the pharmacodynamics and pharmacokinetics of ketamine and xyla-
zine anesthesia in Sprague-Dawley rats. Vet Med Auckl 3:99-109

Wang X, Zheng P, Huang G, Yang L, Zhou Z (2018) Dipeptidyl peptidase-4
(DPP-4) inhibitors: promising new agents for autoimmune diabetes. Clin
Exp Med 18:473-80

Whittington HJ, Hall AR, McLaughlin CP, Hausenloy DJ, Yellon DM, Mocanu MM
(2013) Chronic metformin associated cardioprotection against infarction:
not just a glucose lowering phenomenon. Cardiovasc Drugs Ther 27:5-16

Younk LM, Lamos EM, Davis SN (2016) Cardiovascular effects of anti-diabetes
drugs. Expert Opin Drug Saf 15:1239-57

Zhang J, Huang L, Shi X, Yang L, Hua F, Ma J et al (2020) Metformin protects
against myocardial ischemia-reperfusion injury and cell pyroptosis via
AMPK/NLRP3 inflammasome pathway. Aging (Albany NY) 12:24270-87

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	A comparative study of the cardioprotective effect of Metformin, Sitagliptin and Dapagliflozin on Isoprenaline induced myocardial infarction in non-diabetic rats
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Drugs
	Animals
	Study design
	ECG recording and analysis
	Laboratory estimates
	Statistical analysis of the data

	Results
	Changes in ECG tracing
	Biochemical laboratory estimates
	Changes in IL-1β level
	Changes in casp-3 level
	Changes in cTn-I level


	Discussion
	Conclusions
	Acknowledgements
	References


