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Abstract
Cardiovascular benefit of new anti-hyperglycemic agent such as glucagon like peptide-1 receptor agonist (GLP-1RA) or sodium glu-
cose co-transporter-2 inhibitor (SGLT2i) has been proven, with the proposed-mechanism that might be complementary. We investi-
gated the effects of its combination on blood glucose profile and cardiac biomarkers. The rats were given lipid emulsion for 2 weeks, 
followed by a single dose of streptozotocin (STZ) 35 mg/kg BW, then treated with empagliflozin and/ liraglutide for 30 days while 
receiving isoproterenol (ISO) 85 mg/kg on day 29 and 30. The results showed no superior improvement on fasting blood glucose 
(FBG) and insulin sensitivity (KITT) in the combination group compared to empagliflozin/liraglutide group. However, the combi-
nation group showed a higher inhibition in almost all biomarkers, specifically against the elevation of CK-MB compared to one of 
these agents alone. The histopathological examination using H&E staining even showed a minimal inflammation and gap between 
cardiomyocytes. These findings may indicate the combination of empagliflozin and liraglutide has a better cardiac protection effect.
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Introduction

Diabetes mellitus (DM) is a metabolic disease character-
ized by hyperglycemia resulting from defects of insulin se-
cretion, function, or both (American Diabetes Association 
2010). Based on International Diabetes Federation (2021), 
T2DM was the type with the most prevalence with more 
than 90% of world’s diabetes cases. Chronic high blood glu-
cose levels often lead to several macro- and microvascular 
complications in people with diabetes (Skyler et al. 2017). 
Cardiovascular disease (CVD) is strongly related with DM 
as the primary cause of its morbidity and mortality due to 
the increase of stroke and myocardial infarction. This CVD 
death was also increase along with the other cardiovascular 

risk factor that often presence in diabetes such as hyperten-
sion, obesity, and dyslipidemia (Leon and Maddox 2015). 
Myocardial infarction mortality in T2DM was higher than 
people without diabetes. The mortality rates were 15,4% 
(without prior MI) and 42,0% (with prior MI), while in 
people without T2DM the mortality rates were 2,1% (with-
out prior MI) and 15,9% (with prior MI) (Haffner et al. 
1998). The Framingham Study even suggested that people 
with diabetes had a higher incidence of reinfarction and 
heart failure (Kannel et al. 1974), which might be caused by 
diabetic cardiomyopathy, an abnormal myocardial struc-
ture and performance even in the absence of other cardio-
vascular risk factors such as hypertension, coronary artery 
disease, and significant valvular disease (Jia et al. 2018).
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According to guidelines by American Diabetes Asso-
ciation (ADA), patients with T2DM and established or in 
high risk of ASCVD are recommended to use one of SGL-
T2is or GLP-1RAs that have been demonstrated to have 
cardiovascular benefit, independent of HbA1c and met-
formin use (ADA 2022). European Society of Cardiology/
European Association for The Study of Diabetes (ESC/
EASD) guidelines even recommend the use of one of these 
glucose-lowering classes in newly diagnoses T2DM pa-
tient who has established or in high CVD risk as a starting 
regimen before metformin (Cosentino et al. 2020).

Although the cardiovascular and kidney benefits of 
both classes are well-established, the molecular mecha-
nism of this benefits are still being elucidated, and whether 
the combination will provide added risk reduction remains 
questioned. ADA guidelines only recommend the combi-
nation of both classes if the HbA1c above target, although 
the addition of one of this class after another for patient 
with or in high risk of ASCVD may be considered because 
of its proposed mechanism that may provide complemen-
tary outcomes (Cheng 2021; ADA 2022). Both classes also 
have independent effect of risk, thus the concomitant uses 
are well-tollerated (Cosentino et al. 2020; Lam et al. 2022). 
Several completed and on-going mechanistic trials to 
know how these classes reduced cardiovascular outcomes 
suggested that SGLT2i focusing on hemodynamics, kid-
ney, vascular, and myocardial energetics, while GLP-1RA 
focusing on metabolic, anti-inflammatory, and possible 
direct vascular, cardiac, and kidney effects (Lee et al. 2020; 
Cheng 2021). These different yet complementary mecha-
nisms might be the reason on how some studies suggested 
other beneficial effect of the combination. In RCT trials, 
some of GLP-1RAs have shown an additive glucose-low-
ering benefit in patient treated with SGLT2i (Ludvik et 
al. 2018; Zinman et al. 2019; Blonde et al. 2020; Das et al. 
2020). The combination also demonstrated greater reduc-
tions in blood pressure and body weight than to either 
agent alone (Frias et al. 2016; Das et al. 2020). These find-
ings showed that the combination improved glycemic con-
trol and reduced cardiovascular risk factor in T2DM.

Not only on cardiovascular risk factor, some studies 
may also suggest a direct positive effect of the combination 
on cardiovascular. One study suggested the benefit of dual 
therapy on vascular and cardiac function in T2DM patient 
with high CVD risk as an add-on therapy to metformin 
which was superior compared to SGLT2i or GLP1-RA 
alone (Ikonomidis et al. 2020). In other exploratory anal-
yses, GLP-1RA (efpeglenatide) may be showing indepen-
dent effect on cardiovascular outcome in diabetes patients 
with existing SGLT2i therapy (Lam et al. 2022). Despite of 
the supports provided by some studies for adding GLP-
1RA on patients receiving SGLT2i or vice versa, there were 
limitation of clinical retrospective settings such as obser-
vational data, potential confounding, limited number of 
events, and need further randomized controlled study to 
provide definitive evidence (Lam et al. 2022).

Therefore, in this study we investigated the cardiopro-
tective effect of both agents against several cardiac bio-
markers that usually elevated in damaged heart, to suggest 

whether the combination is able to protect the heart better 
than SGLT2i and GLP1-RA alone, not only in diabetic rats 
but also diabetic rats with MI. We also investigated the ef-
fect of its combination on blood glucose profile to confirm 
whether it shows any significant effect in lowering blood 
glucose level and improving insulin sensitivity. We used 
agents that has been approved for reduction of cardio-
vascular event such as liraglutide and empagliflozin. Em-
pagliflozin now is the only SGLT2i that has been approved 
by FDA for both CVD benefit and heart failure indication 
(ADA 2022), while liraglutide was one of GLP-1RAs that 
has been approved by FDA for CVD benefit and proven to 
be cost-effective in T2DM patient with established CVD 
or elevated CV risk (Shah et al. 2018; ADA 2022).

Materials and methods
Experimental animals and study design

Thirty male Wistar rats, aged 10–12 weeks, weighing 
200–250 g, were purchased from ITB School of Life Sci-
ences and Technology and housed in the animal labora-
tory at ITB School of Pharmacy in separate cages under 
controlled environmental condition (12 h light/dark cycle 
and temperature 24–26 °C) with free access of standard 
chow and water. The research protocols were approved 
by the ethics committee for animal research of Bandung 
Institute of Technology (No.01/KEPHP-ITB/2-2022, 18 
February 2022).

The rats were acclimated for 7 days before the study, 
then randomly divided into 6 groups as follows:

1. Normal control group: nondiabetic rats, given 
CMC-Na 0.5% via intragastric (i.g.) and NaCl 0.9% 
subcutaneously (s.c.) for 30 days;

2. DM group: diabetic rats, given CMC-Na 0.5% (i.g.) 
and NaCl 0.9% (s.c.) for 30 days;

3. DM+ISO group: diabetic rats, given CMC-Na 0.5% 
(i.g.) and NaCl 0.9% (s.c.) for 30 days, and received 
isoproterenol (ISO) intraperitoneally (i.p.) at dose 
85 mg/kg BW on day 29 and 30 (at 24 hours inter-
val) to induce AMI;

4. GLP-1RA group: diabetic rats, given liraglutide 
(Victoza, Novo Nordisk, Denmark) at a dose of 
0.062 mg/kg BW (dissolved in NaCl 0,9%) via s.c. 
for 30 days, and received ISO (i.p.) at dose 85 mg/
kg BW on day 29 and 30 (at 24 hours interval) to 
induce AMI (Nair and Jacob 2016; Das et al. 2020);

5. SGLT2i group: diabetic rats, given empagliflozin 
(Jardiance, Bohringer Ingelheim Pharmaceuticals, 
USA) at a dose of 1 mg/kg BW (dissolved in CMC-
Na 0,5%) via i.g. for 30 days, and received ISO (i.p.) 
at dose 85 mg/kg BW on day 29 and 30 (at 24 hours 
interval) to induce AMI (Nair and Jacob 2016; Das 
et al. 2020);

6. Combination group: diabetic rats, given liraglutide 
(Victoza, Novo Nordisk, Denmark) at a dose of 
0.062 mg/kg BW (dissolved in NaCl 0,9%) via s.c. 
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and empagloflozin (Jardiance, Bohringer Ingelheim 
Pharmaceuticals, USA) at a dose of 1 mg/kg BW 
(dissolved in CMC-Na 0,5%) via i.g. for 30 days, and 
received ISO (i.p.) at dose 85 mg/kg BW on day 29 
and 30 (at 24 hours interval) to induce AMI.

Type 2 DM rat model

T2DM are characterized by the reduction of insulin sensi-
tivity with impaired insulin secretion. Therefore, this study 
used the combination model to mimic those pathology (Fur-
man 2021). The rats were given fat emulsion (LipomedÒ 
20% MCT/LCT; Sanbe Farma, Bandung, WJ, IDN) 20 ml/
kg BW via i.g. for 2 weeks to induce insulin resistance, then 
given a single low dose of STZ (Santa Cruz Biotechnology, 
Dallas, TX, USA) 35 mg/kg BW via i.p. to reduce pancreatic 
islet b-cell capacity (Aligita et al. 2018; Hussein et al. 2020; 
Furman 2021). The reduction of insulin sensitivity was con-
firmed by intraperitoneal insulin tolerance test (IPITT) with 
KITT value that significantly lower than normal control group 
(p<0.05), while the hyperglycemic state was confirmed with 
FBG >150 mg/dL (Ai et al. 2005; Furman 2021).

Acute myocardial infarction rat model

ISO was obtained from Tokyo-Chemical Industry (Shang-
hai, China). ISO at dose of 85 mg/kg BW was given twice 
(i.p.) on day 29 and 30, at 24 hours interval, to induce 
myocardial infarction. ISO was dissolved in NaCl 0.9% 
and prepared fresh on the day of induction. The AMI state 
was confirmed by the elevation of cardiac biomarkers 
(Halim et al. 2018; Kurniati et al. 2018).

Determination of blood glucose control 
and insulin sensitivity

The blood glucose control profile was obtained from FBG 
measurement at the same hour and time-points through-
out the study to eliminate the variation of fasting duration 
of each test. Blood glucose concentration from tail vein 
was measured using Easy TouchÒ blood glucosemeter. 
IPITT was performed using insulin (NovorapidÒ) at dose 
of 0.5 U/kg BW via i.p. (Vinue and Gonzales 2015). The 
blood glucose levels were measured right before the in-
jection (t=0) and at 15, 30, 45, 60 and 90 minutes after 
the insulin injection (Vinue and Gonzales 2015; Aligita et 
al. 2018). The data was plotted into graphic with time as 
the abscissa and the nature logarithm of blood glucose as 
the ordinate. The regression coefficient or slope was deter-
mined by linear regression and the KITT value was calcu-
lated by multiplying the slope by 100 (Ai et al. 2005).

Measurement of cardiac biomarkers

The blood samples were collected from tail (before MI 
induction) and from heart (after MI induction, as a ter-
minal procedure), then serum samples were separated for 
the estimation of cardiac biomarkers. The serum levels of 
CK, CK-MB, LDH, AST and ALT were measured using 

commercially kits according to the manufacturer’s in-
structions (DiaSys Diagnostic Systems GmbH, Holzheim, 
Germany for CK, CK-MB, LDH, and ALT; Glory Diag-
nostic, Spain for AST). All the biomarkers were assessed 
using Microlab 300, ELITech Group, France.

Histopathological examination of the 
heart tissue by H&E

The rat’s heart was dissected, washed with 0.9% cold sa-
line, then fixed in 10% neutral buffered formalin. The left 
ventricle then embedded in paraffin and sectioned at 3 µm 
thickness using microtome. The tissue specimens were 
stained using hematoxylin and eosin (H&E). Character-
istic of myocytes abnormality such as coagulative necrosis 
with absent nuclei, hyper eosinophilia of cytoplasm, and 
an interstitial neutrophil infiltration were observed using 
light microscope (Olympus BX51) at 400× magnifications 
(Ghafoor et al. 2020; Hussein et al. 2020).

Statistical analysis

The data obtained in this study were processed using 
Minitab version 20 and analyzed using one-way ANOVA 
with Tukey’s post hoc test. Considered significantly differ-
ent at p<0.05.

Institutional review board statement

The animal study protocol was approved by the ethics com-
mittee for animal research of Bandung Institute of Tech-
nology (No.01/KEPHP-ITB/2-2022, 18 February 2022).

Results
Diebetes parameters
Insulin sensitivity profile

Insulin sensitivity was determined at baseline (before the in-
duction), after the induction, and after receiving one or both 
agents for 4 weeks. The KITT values are shown in Table 1.

Before the induction, there were no significant difference 
of KITT value between groups that indicates similar insulin 
sensitivity at baseline. After given lipid emulsion for 14 days, 
all the tested groups showed significantly lower KITT value 
compared to normal control and baseline, indicate the re-
duction of blood glucose disappearance rate from blood 
(%/min) after given insulin (reduction of insulin sensitivity). 
The group treated with empagliflozin and/or liraglutide for 4 
weeks showed the increase of KITT value. The KITT value of all 
treated group were not significantly different to normal con-
trol group. However, only empagliflozin and combination 
group that significantly higher than DM group, even not sig-
nificantly different from baseline. Even though these find-
ings may indicate lesser improvement in liraglutide group 
compared to other two groups, all three treated groups (em-
pagliflozin and/liraglutide alone) were not statistically dif-
ferent (p>0.05), showing relatively similar KITT value.
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Blood glucose control
Blood glucose control was obtained from FBG measure-
ment at several time-points (before induction, after in-
duction, and every week while treated with one or both 
agents). The FBG level at each time point are shown in 
Table 2. At baseline, the FBG were not significantly dif-
ferent between groups, showing similar blood glucose 
profile. All the three treated groups showed the reduction 
of FBG that significantly different from DM group even 
since the first week of treatment. After 4 weeks, the FBG 
profile were similar in liraglutide, empagliflozin, and com-
bination group (p>0.05) and were not significantly differ-
ent from baseline. This may indicate a well blood glucose 
control in all treated groups and no superior FBG profile 
in the combination group compared to empagliflozin/li-
raglutide alone.

Cardiac biomarkers
Cardiac biomarkers were obtained from serum collected 
before and after ISO induction to assess the biomarker 
changes at DM only state and at DM with AMI state. The 
biomarkers level i.e., CK, CK-MB, LDH, AST, and ALT 
before AMI are shown in Table 3.

The CK, CK-MB, LDH, and AST levels were signifi-
cantly elevated in DM group. The elevation of CK and 
LDH biomarker were not significantly different between 
liraglutide, empagliflozin, and combination group, and 
even compared to normal control group, indicate similar 
inhibition of all three treated group for both parameters. 
For CK-MB parameter, only empagliflozin and combina-
tion group that were not significantly different compared 
to normal control. However, empagliflozin group was not 
significantly different from liraglutide group, which may 
indicate higher inhibition on the elevation of CK-MB lev-
el in combination group compared to either these agents 
alone. As for AST and ALT, these parameters were not 
significantly elevated in all treated group. The biomark-
ers level of all treated group then compared to DM group 
and transformed into percentage of inhibition, shown in 
Table 4. The combination group showed the highest inhi-
bition for all parameters.

The biomarkers level after ISO induction are shown 
in Table 5. The CK, CK-MB, and LDH parameters were 
significantly higher in DM+ISO group compared to DM 
group. Even ALT, parameter that was not significantly 
elevated in DM group, started to increase significantly 
in DM+ISO group compared to normal control group. 
This may indicate cardiomyocytes damages that were 
more severe after ISO induction. For CK parameter, all 
three treated group were significantly lower compared 
to DM+ISO group, however only empagliflozin and 
combination group that were not significantly different 
from normal control. On the other hand, the CK level 
in liraglutide group was not significantly different from 
empagliflozin group but significantly higher than com-
bination group.

As for CK-MB and LDH parameter, the levels in all 
three treated group were significantly lower than DM+I-
SO group. However, only combination group that was 

Table 2. FBG profile at baseline, after induction, and after treated with SGLT2i and/GLP1-RA.

Group Fasting blood glucose (mg/dL)
Baseline After induction After treated (Week-)

1 2 3 4
Normal control 93.80±7.53 101.00±12.53 91.60±12.10 91.20±13.88 98.00±12.19 89.00±8.28
DM 93.25±3.50 259.00±109.77a,c 269.00±93.68a,c 312.50±135.93a,c 350.25±121.93a,c 407.25±89.11a,c

Liraglutide 93.00±6.98 266.00±85.81a,c 115.25±16.58b,d 123.00±24.18b,d 122.00±12.94b,c,d 106.50±9.18b,d

Empagliflozin 97.25±8.77 267.25±75.59a,c 112.00±18.67b,d 127.75±19.31b,c,d 130.50±8.43b,c,d 106.5±11.27b,d

Combination 94.20±13.52 253.40±26.84a,c 96.00±5.66b,d 108.60±22.32b,d 126.60±22.03b,d 95.20±7.09b,d

The data are expressed as mean ± SD. One-way ANOVA with Tukey Post hoc test. The letter shows significantly different (p<0.05) compared to anor-
mal control, bDM group, cbaseline, dafter induction.

Table 3. Effect of empagliflozin and/liraglutide on cardiac biomarkers in diabetic rats.

Groups Cardiac biomarkers (U/L)
CK CK-MB LDH AST ALT

Normal Control 123.81±16.16b 121.19±10.56b 307.93±63.04b 99.32±20.97b 52.80±20.32
DM 361.64±84.44a 244.53±24.60a 914.53±196.28a 168.98±51.12a 101.56±46.82
Liraglutide 192.48±44.06b 184.75±24.01a 428.22±44.84b 148.40±10.34 55.01±18.34
Empagliflozin 149.19±70.24b 147.00±18.68b 508.97±129.63b 142.40±36.57 70.93±7.67
Combination 103.59±30.74b 99.07±18.38b,c 325.10±103.73b 125.32±11.86 53.29±10.76

The data are expressed as mean ± SD. One-way ANOVA with Tukey Post hoc test. The letter shows significantly different (p<0.05) compared to 
anormal control, bDM group, cliraglutide group.

Table 1. KITT profile at baseline, after induction, and after treated 
with SGLT2i and/GLP-1RA.

Groups KITT (%/minute)
Baseline After induction After treated

Normal control 1.01±0.13 1.09±0.21 0.98±0.08
DM 1.14±0.10 0.69±0.08a,c 0.61±0.14a,c

Liraglutide 0.94±0.04 0.69±0.17a,c 0.85±0.06c

Empagliflozin 1.00±0.16 0.57±0.15a,c 0.93±0.14b,d

Combination 1.05±0.27 0.67±0.16a,c 0.97±0.10b

The data are expressed as mean ± SD. One-way ANOVA with Tukey Post 
hoc test. The letter shows signifcantly different (p<0.05) compared to 
anormal control, bDM group, cbaseline, dafter induction.
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not significantly different from normal control. The CK-
MB level in combination group even significantly lower 
than both empagliflozin and liraglutide group. As for AST 
parameter, all three treated group were not significantly 
different from normal control, however only combination 
group that was significantly lower than DM+ISO group.

All these findings may indicate better inhibition on 
the elevation of these biomarkers in combination group. 
The data then transformed into percentage of inhibition, 
shown in Table 6. The combination group showed the 
highest inhibition in almost all parameters, except for ALT 
parameter which is slightly lower than liraglutide group.

Cardiac histopathological changes
In histopathological examination using H&E staining, 
regular arrangement of myocardial fibers was shown in 
normal control group (Fig. 1a), while in DM group ir-
regular arrangement of myocardial fibers and wide gap 
between cardiomyocytes (black arrow) were observed 
(Fig. 1b). DM+ISO group (Fig. 1c) also showed wide spac-
ing in heart tissue; massive infiltration of inflammatory 
cells with the absent of nuclei were also observed (white 
arrow), indicate coagulative necrosis. In liraglutide group 
(Fig. 1d) and empagliflozin group (Fig. 1e), hyper eosin-
ophilia and interstitial neutrophilic infiltration were still 

observed with the space between fibers that was smaller 
than in DM or DM+ISO group. In combination group 
(Fig. 1f), myocardial fibers were more regular with min-
imal inflammation and smaller gap between myocytes 
(Ghafoor et al. 2020; Hussein et al. 2020).

Discussion

Several in vivo studies have been conducted to confirmed 
cardiovascular benefit of both classes. Liraglutide, da-
pagliflozin, and empagliflozin showed cardioprotective 
effect in diabetic cardiomyopathy model (Zhou and Wu 
2017; Lee et al. 2019; Hussein et al. 2020) and heart failure 
model (Kraker et al. 2020; Withaar et al. 2021). Liraglutide 
even showed cardioprotective effect to ischemia-reperfu-
sion injury in diabetic ex vivo model (Simanenkova et al. 
2021). Not only either this agent alone, some studies also 
showed cardioprotective effect of its combination in dia-
betic rats (Trang et al. 2021; El-Shafey et al. 2022). How-
ever, there are some limitations of previous studies that 
the model only used a single high dose of streptozotocin 
to induce hyperglycemia without the reduction of insulin 
sensitivity. Thus, these might resemble T1DM more rath-
er than T2DM. The previous studies also only suggested 
cardioprotective effect in diabetic rats where the alter-
ation of cardiac function such as diabetic cardiomyopa-
thy might occur, while the cardioprotective effect against 
acute MI as the primary cause of death in diabetes sub-
jects remains unknown. Therefore, in this study we used 
a model that combined a T2DM and acute MI model to 
assess the cardioprotective effect in diabetes subjects with 
and without MI.

Table 4. Percentage inhibition of serum cardiac biomarkers el-
evation in treated vs DM group.

Groups Inhibition of cardiac biomarker serum elevation (%)
CK CK-MB LDH AST ALT

Liraglutide 46.77 23.48 53.18 12.18 45.83
Empagliflozin 58.74 39.11 44.37 15.73 30.16
Combination 71.36 58.97 64.45 25.83 47.53

Figure 1. Histopathological examination of heart tissue stained with H&E staining and 400× magnification. a Control group; 
b DM group; c DM+ISO group; d Liraglutide group; e Empagliflozin group, and f Combination group. The irregular arrangement 
of myocardial fibers and wide gap between cardiomyocytes (showed in black arrow) may indicate massive cardiomyocytes death. 
While massive infiltration of inflammatory cells with the absent of nuclei (showed in white arrow) may indicate coagulative necrosis.
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Streptozotocin (STZ) has been shown to cause pan-
creatic islet b-cell destruction and widely used to induce 
diabetes in animal study (Furman 2021). STZ alone only 
cause hyperglycemia with decrease insulin levels without 
insulin resistance (Reed et al. 2000), while moderate dose 
of STZ to animal given prior high fat diet cause hypergly-
cemia, associated with hyperinsulinemia and insulin re-
sistance that mimic the characteristic of most patient with 
T2DM (Furman 2021). High fat diets were usually used 
in animal model to disturb lipid metabolism and increase 
oxidative stress, that leads to insulin resistance (Maithili 
et al. 2014). However, in this study, it was replaced by lipid 
emulsion. Some studies supported insulin resistant model 
using lipid emulsion via intragastric (not by food feeding) 
to provide better control of fat intake. This method was 
confirmed to induce insulin resistant after only two weeks 
administration (Ai et al. 2005; Aligita et al. 2018).

Lipid emulsion given for two weeks was significantly 
lowering the insulin sensitivity based on KITT value calculat-
ed from IPITT. This lipid emulsion contained triglycerides 
(TGs) that might increase the TG level in blood which has 
positive correlation with insulin resistance (Ma et al. 2020). 
The increase of KITT value in liraglutide and/empagliflozin 
groups were due to several mechanisms. GLP-1RA improves 
insulin resistance by promoting insulin secretion and am-
plify its signal transduction; increase GLUT-4 expression 
and its localization, as the important transporter for glucose 
uptake into cells; modulates lipid metabolism; improves 
pancreatic beta-cell function; also attenuates ER stress and 
inflammation-induced insulin resistance through AMPK/
mTOR signaling (Yaribeygi et al. 2019). On the other hand, 
SGLT2i improves insulin sensitivity by inhibiting glucotox-
icity through normalizing hyperglycemia near to physiologic 
ranges; induces caloric deposition by glucosuria, leading to 
weight loss and lesser lipotoxicity; attenuates inflammatory 
responses by reducing various process and oxidative stress; 
also improves beta-cell mass and its function through several 
pathways related to islets cells’ death (Yaribeygi et al. 2020).

After the induction was confirmed and have been 
treated with either or both classes for 4 weeks, the FBG 
profile improved significantly even to a normal level that 
indicates a well-controlled FBG level in all treated group. 
In this study, one of these agents alone was already suffi-
cient to normalize the FBG level, thus the combination 
showed no superior effect compared to empagliflozin/
liraglutide group. This finding was different to some clini-
cal trials where the additive glucose-lowering benefit were 
observed. This might be due to different setting and how 
these agents are combined. In clinical trials, the GLP-
1RA was added to patient with inadequately controlled 
of T2DM, even after receiving SGLT2i therapy (Ludvik et 
al. 2018; Zinman et al. 2019; Blonde et al. 2020; Das et 
al. 2020). Even so, the FBG profile of combination group 
did not show hypoglycemia state, which provided support 
to use the combination therapy even in a well-controlled 
blood glucose level. Both classes showed low risk of hy-
poglycemia due to its mechanism in lowering blood glu-
cose level. The insulinotropic and glucagonostatic effect of 
GLP-1RAs are glucose-dependent, thus the glucose low-
ering effect will decrease when the blood glucose level is 
normalized (Hinnen 2017; Das et al. 2020). On the other 
hand, the SGTL2is glucosuria effect is independent of in-
sulin secretion and tied to filtered load of glucose, thus its 
glucose-lowering effect become ineffective in euglycemic 
state (Horii et al. 2020).

There are few differences in human and animal heart 
structure, that is challenging to design a good model to 
mimic pathophysiology of MI in human. In this study, we 
used isoproterenol (ISO) as an indirect approach to in-
duce MI in diabetic rats. ISO is sympathomimetic agent 
that stimulates both b-1 and b-2 receptors, causing isch-
emia due to imbalance of oxygen demand and supply in 
heart, that further leads to MI (Halim et al. 2018). ISO 
induction is a relative simple technique, non-invasive, 
with high successful rate and low mortality risk (Brooks 
and Conrad 2009; Halim et al. 2018). This agent produces 
infarct-like lesion that is similar to human MI and also 
changes in hemodynamic, biochemical, and histopatho-
logical parameters (Peer et al. 2008; Halim et al. 2018).

Cardiomyocytes death causing the leak of several pro-
teins into the circulation, thus the level of cardiac enzymes 
tends to be elevated in the serum after MI (Ali et al. 2016; 
Kurniati et al. 2018). CK, CK-MB, LDH, AST, and ALT 
were biomarkers used in this study as they have historical 

Table 5. Effect of empagliflozin and/liraglutide on cardiac biomarkers in diabetic rats induced with AMI.

Groups Cardiac biomarkers (U/L)
CK CK-MB LDH AST ALT

Normal control 136.85±28.27b 134.61±12.87b 325.37±90.41b 115.79±17.25b 51.86±16.89b

DM 361.13±103.63a,b 263.51±33.41a,b 1012.08±191.39a,b 189.15±50.86a 96.63±41.72
DM+ISO 596.76±28.18a,c 438.29±50,79a,c 1679.11±255.76a,c 247.89±56.45a 123.98±59.32a

Liraglutide 338.93±26.61a,b 238.39±26.33a,b 763.63±83.46a,b 179.15±21.89 64.48±16.28
Empagliflozin 275.17±145.08b 214.28±18.81a,b 671.68±102.99a,b 180.40±12.19 69.54±19.12
Combination 175.99±35.94b,* 125.06±19.32b,# 452.60±151.38b 145.72±20.84b 64.60±7.43

The data are expressed as mean ± SD. One-way ANOVA with Tukey Post hoc test. The letter shows significantly different (p<0.05) compared to anor-
mal control, bDM+ISO group, cDM group, *liraglutide group, #both liraglutide and empagliflozin group.

Table 6. Percentage inhibition of serum cardiac biomarkers el-
evation in treated vs DM+ISO group.

Groups Inhibition of cardiac biomarker serum elevation (%)
CK CK-MB LDH AST ALT

Liraglutide 43.21 45.61 54.52 27.73 47.99
Empagliflozin 53.89 51.11 59.99 27.23 43.91
Combination 70.51 71.48 73.05 41.22 47.90
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approaches in the diagnosis of acute coronary syndrome 
(ACS). AST was the first biomarker found in 1954, fol-
lowed by LDH, CK, and their isoenzymes (Danese and 
Montagnana 2016). CK is a dimeric enzyme, predom-
inantly found in tissue that required large amounts of 
energy. It consists of two subunits M or B, forming three 
isoenzymes, i.e. CK-MM, CK-BB, and CK-MB. The CK-
MB form are found mostly in cardiac muscle and is cor-
related to infarct size, make it an important predictor 
for MI prognosis in conjunction with CK level (Lee and 
Goldman 1986; Aydin et al. 2019). LDH, AST, and ALT 
are a non-specific biomarkers to heart. LDH is expressed 
not only in heart muscle but also in many organs such as 
lungs, kidney, liver, and erythrocytes, while AST and ALT 
are often used for diagnosis of liver damages. Despite of 
its non-specificity, these enzymes are also elevated cardi-
ac necrosis and often found in MI patients (Tiwari et al. 
2012). The AST and ALT were known to be well-correlat-
ed to CK-MB level that may also reflect the severity of in-
farct (Lofthus et al. 2012).

The biomarker measurement before ISO induction 
showed significant elevation of almost all parameters (ex-
cept for ALT) compared to normal control group. These 
findings were similar to previous in vivo study where car-
diomyopathy may occur in diabetes model which leads to 
myocardial necrosis causing the elevation of several cardi-
ac biomarkers in serum (Hussein et al. 2020; El-Shafey et 
al. 2022). Clinical study also suggested that diabetes may 
alter lipid utilization and induce atherogenic dyslipidemia 
that contribute in the development of MI (Ali et al. 2016). 
The combination group showed the highest inhibition on 
the elevation of all parameters. After ISO induction, all 
the biomarkers in DM+ISO group were elevated com-
pared to DM group, even significantly for CK, CK-MB, 
and LDH parameters. Moreover, ALT (lesser specific to 
heart compared to AST) began to significantly higher 
than normal control group, which was not observed in 
DM only group. This may indicate more severe myocar-
dial injury after ISO-induced AMI (Lofthus et al. 2012). 
The combination group showed the greatest inhibition on 
the elevation of almost all parameters, particularly against 
CK-MB biomarker which was significantly higher than 
both liraglutide and empagliflozin group, even up to simi-
lar level as normal control group. This may indicate better 
inhibition against cardiomyocytes death caused by diabe-
tes and AMI.

Glucose-lowering therapies alone were already prov-
en to reduce microvascular event, while it is more chal-
lenging to prevent macrovascular complication in T2DM 
(Ussher et al. 2022). Both GLP-1RA and SGLT2i were 
known for its beneficial effect on CV risk factors by re-
ducing blood pressure and body weight (Frias et al. 2016; 
Das et al. 2020). GLP-1RA promoting weight loss due to 
reduced appetite caused by the reduction of gastric emp-
tying effect, while the SGLT2i promotes glucosuria, thus 
loss of calories leads to weight loss is expected (Salvatore 
et al. 2022; Ussher et al. 2022). The increased of glucose 
excretion was also followed by volume depletion that may 

be beneficial for blood pressure. SGLT2i did not greatly 
affect renin-angiotensin-aldosterone (RAA) system, how-
ever they often improve circadian blood pressure rhythm 
(Wilcox 2020; Salvatore et al. 2022). On the other hand, 
the blood pressure lowering effect of GLP-1RA is due to 
the increase of ANP released from cardiomyocyte, im-
provement of endothelial function, and nitric oxide pro-
duction (Ussher et al. 2022).

Several studies suggested other cardioprotective ef-
fects of GLP-1RAs through the attenuation of atheroscle-
rosis, reduced inflammation, and some beneficial action 
on myocardial function which improved cardiovascular 
outcomes (Ussher et al. 2022). The anti-atherogenic effect 
was confirmed in both clinical and preclinical studies, 
even the reduction of lesion progression was independent 
of changes in total cholesterol and body weight (Marso 
et al. 2017; Rakipovski et al. 2018; Ussher et al. 2022). 
GLP-1RAs minimized and stabilized the development of 
atherosclerotic plaques through anti-inflammatory mech-
anisms involving macrophage infiltration, circulating 
cytokines, NLRP3 inflammasome, inducible nitric oxide 
synthase (iNOS) expression, and vascular smooth mus-
cle cell proliferation (Sudo et al. 2017; Rakipovski et al. 
2018; Ma et al. 2021; Sanada et al. 2021). This agent also 
promotes cardiomyocytes survival and improve myocar-
dial function that may limit the progression of cardiomy-
opathy and infarct size. GLP-1RAs reduced and repaired 
MI via modulating SIRT1/Parkin/Mitophagy, insulin-like 
growth factor-1/2 and upregulating α-estrogen receptor 
(Ma et al. 2021). It also improved mitochondrial function 
via regulating autophagy and inflammatory signaling, also 
increasing cardiac glucose metabolism and its utilization, 
thus improved metabolism efficiency and myocardial re-
sistance to ischemia (Giblett et al. 2016; Ma et al. 2021; 
Ussher et al. 2022).

Even though the SGLT2 is not expressed in heart, its 
direct cardioprotective effect might be due to the mod-
ulation of autophagy. Autophagy is a complex process in 
response of several stimuli and is important to eliminate 
defect organelle associated with oxidative stress. Insuffi-
cient or excessive activation of autophagy may be harmful 
in MI. SGLT2i inhibited Na+/H+ exchanger 1 (NHE1) on 
cardiomyocytes that suppress excessive autophagy during 
ischemia (Jiang et al. 2022). On the other hand, SGLT2i 
also induce ketogenic nutrient-deprivation pathways in-
volving SIRT1/PGC-1α/FGF21 signaling that promote 
survival through the attenuation of oxidative stress and 
modulation of autophagy in heart tissue (Packer 2020).

This study has several limitations, which only focuses 
on the effect of both agent against several biomarkers that 
could leaked to circulation when myocardial damage or 
death occur. The biomarkers used in this study were rel-
atively non- to almost specific to cardiomyocytes. In the 
future, the measurement of Troponin-I and the isomers 
of LDH (to calculated LDH-1/LDH-2 ratio), which more 
specific to cardiomyocyte, might be used. Several oxida-
tive stress markers also haven’t been measured yet to sup-
port the mechanism or pathway related to cardiomyocyte 
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survival for each agent and combination therapy. This 
study also may be limited to liraglutide and empagliflozin, 
not other drugs in the same class.

Conclusions

This study suggested better cardioprotective effect of lira-
glutide and empagliflozin combined in diabetic subjects 
induced with AMI, based on its inhibition against the el-
evation of several cardiac biomarkers. These results may 
be used as a consideration for clinical study to provide 

definitive evidence regarding the additional reduction of 
cardiovascular outcomes for the combination therapy. 
GLP-1RAs and SGLT2is are categorized as an expensive 
antihyperglycemic agents, thus cost-effectiveness study 
to support the combination to be used earlier in a new-
ly diagnostic T2DM patient with high risk or established 
ASCVD is needed.
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