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Abstract
Saxagliptin (Dpp-4 inhibitor) is a newer anti-diabetic drug for type 2 diabetes mellitus. It has beneficial effect on
glycemic control and weight neutral but its effects on the heart during ischemic reperfusion periods are not known.
We investigated the effect of Saxagliptin on infarct size in a clinically relevant cardiac I/R injury model in type 2
diabetic rats and its underlying cardioprotective effects. Normal and diabetic rats were randomized to receive
Saxagliptin 5 mg/kg b.wt. orally for a period of 4 weeks and were subjected to 30 min left anterior descending artery
coronary artery occlusion followed by 4 h of reperfusion. Percentage left ventricle infarction, cardiac biomarkers
(SGOT, CK, CKMB) oxidative stress markers (malondialdehyde, catalase, SOD) were analysed. When compared to
control group, saxagliptin produced significant dose-dependent reduction in percentage infarct volume. Saxagliptin,
at 5 mg/kg b.wt. dose, there was a significant reduction in SGOT, CK CKMB and MDA levels and in contrast there
was a significant increase in anti-oxidant enzymes such as SOD and catalase levels. Saxagliptin decreases infarct
size and showed significant cardioprotective action mediated by antioxidant mechanisms.

Keywords: Saxagliptin; Diabetes; Cardiac ischemia; Reperfusion
injury; Antioxidant

Abbreviations:
CABG: Coronary Artery Bypass Grafting; CAT: Catalase; CK:
Creatine Kinase; Dpp-4- Dipeptidyl Peptidase-4; GIP: Gastric
Inhibitory Polypeptide; GLP-1: Glucagon Like Peptide-1; I/R:
Ischemia-Reperfusion; IHD: Ischemic Heart Disease; LDH: Lactate
Dehydrogenase; MDA: Malondialdehyde; ROS: Reactive Oxygen
Species; SGOT: Serum Glutamic-Oxaloacetic Transaminase; SOD:
Superoxide Dismutase; STZ: Streptozocin; T2DM: Type-2 Diabetes
Mellitus; WHO: World Health Organization

Introduction
Ischemic Heart Disease (IHD) is the single leading cause of death
worldwide, accounting for 13.2% of all deaths globally in 2012 [1].
Ischemia is the clinical condition of an impaired circulation, which
results in decreased supply of oxygen and nutrients in the affected
tissue. Ischemia can occur through thrombosis or embolism [2].
Restoration of blood flow, termed as reperfusion, is the only effective
treatment to prevent irreversible damage and necrosis of the ischemic
tissue. Ischemia Reperfusion (I/R) injury has been referred as a double
edged sword [3].
Patients with Type 2 Diabetes Mellitus (T2DM) exhibit an increased
risk of cardiovascular mortality compared to non-diabetic subjects
[4,5]. The percentage of diabetic patients among patients with ischemic
heart disease that undergo Coronary Artery Bypass Grafting (CABG)
is 7-20% [6]. Chronic hyperglycemia plays an important role in the
development of endothelial dysfunction, oxidative stress and increases
generation of advanced glycation end products which results in
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microvascular dysfunction [7]. In addition to that, hyperglycemia
accelerates atherosclerosis which may lead to myocardial infarction
[8]. Regulation of glycemic control has the added advantage of
reducing the cardiovascular events in T2DM [9].
Glucose homeostasis can be achieved by complex interaction of a
spectrum of hormones such as, insulin, glucagon, and amylin
including incretins. Incretin dysfunction is regarded as one of the
factors contributing to the pathogenesis of T2DM [10]. Therapies that
restore incretin activity may reduce the pathophysiologic consequences
of diabetes [11].
Dipeptidyl Peptidase-4 (DPP-4) inhibitors are the newer class of
compounds that was approved in 2006 for the treatment of T2DM.
Their primary mechanism of action is through inhibition of
degradation of incretins, such as glucagon like peptide-1 (GLP-1) and
Gastric Inhibitory Polypeptide (GIP) [12]. Therapeutic strategies to
reduce reperfusion injury and other cardiovascular events in diabetic
patients with IHD have been the focus of increasing interest in recent
years.
A large number of experimental and clinical trials strongly indicate
the potential role for DPP-4 inhibitors limiting myocardial ischemiareperfusion induced injury [13]. Experimental and preclinical studies
demonstrated that gliptins played a potential role as cardioprotective
drugs [14]. In addition, wide applicability (anti-oxidant, antiinflammatory, free radical scavenging) of DPP-4 inhibitors in
cardiovascular research prompted us to select the Saxagliptin for the
evaluation of cardioprotective activities in experimental myocardial
infarction.
Saxagliptin has the advantage of weight neutral and no risk of
hypoglycemia T2DM. In spite of tremendous potentiality of
Saxagliptin to protect the heart during ischemia-reperfusion, only few
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studies have reported the cardioprotective actions of Saxagliptin in
ischemia reperfusion injury [15]. However, cardioprotective actions of
Saxagliptin have not been so far explored in ischemia-reperfusion of
diabetic hearts.

Materials and Methods
Chemicals
Streptozocin (Sigma Aldrich, India), Nicotinamide (Sigma Aldrich,
India), 2,3,5-triphenyl tetrazolium chloride (TTC), thiopentone
sodium (Neon laboratories, India) Saxagliptin, Novartis, Hyderabad.
Glucose, LDH, SGOT, CK and CK-MB colorimetric kits (Coral
Clinisystems, India), superoxide dismutase (SOD), Catalase (CAT) and
MDA kits (BIOSPES, China) and all other chemicals used were of
analytical grade and purchased locally.

Animals
Adult Wistar rats weighing 250-270 g were purchased from NIN
Hyderabad, Telangana, India. Animals were maintained under a 12/12
h light/dark cycle in ambient room temperature i.e., 24 ± 1°C. Animals
were taken care in compliance with the CPCSEA, New Delhi.
Experimental protocols were conducted in accordance with the
approval of the IAEC.

Induction of diabetes
Rats were rendered T2DM by single injection of STZ (30 mg/kg i.v)
and Nicotinamide (150 mg/kg i.p). After 72 h animals were confirmed
diabetes and those blood glucose levels in the range of 200-250 mg/dl
were used in the present study [16].

NaCMC and were administered orally at the dose of 5 mg/kg for a
period of four weeks. After the treatment period rats were subjected to
ischemia/reperfusion, the heart was removed quickly and washed with
ice cold buffer and left ventricle was separated and later sliced into
coronal sections of 2 mm thickness [18] The slices were immersed in
1% solution of TTC stain; red formazan pigment was observed in
viable cells, whereas dead cells appeared pale in colour and was
unstained [19]. Necrotic infarcted tissue was separated and weighed.
Percent left ventricle necrosis was calculated [16].

Estimation of oxidative stress markers and biochemical
markers
At the end of reperfusion blood was collected through cardiac
puncture and serum was separated for estimating the enzyme markers
LDH (IFCC), SGOT (IFCC), CK (IFCC), CKMB (IFCC). Left ventricle
tissue was separated immediately after reperfusion period and washed
with ice cold buffer and subjected to homogenization with ice cold trisbuffer and the supernatant was used for the estimation of oxidative
markers like MDA [20], SOD [21], CAT [22]. All the above parameters
were analysed according to the procedures in the product manual
supplied with the commercial kits.

Statistical analysis
All the values were expressed as mean ± S.D. and analysed by oneway ANOVA followed by Tukey’s t test (p ≤ 0.05). The significance of
differences was estimated by two-way analysis of variance. The
statistical analysis was processed using Graph Pad Prism Version 5.0.

Results
Percentage left ventricle necrosis

Induction of myocardial infarction
Rats were anaesthetized with thiopental sodium (30 mg/kg, i.p). A
left thoracotomy and pericardiotomy were performed and then
marginal branch of the left anterior descending coronary artery (LAD)
was identified and occluded for 30 min followed by reperfusion for 4 h.
Rectal temperature was maintained at 37 ± 0.5°C. Animals those do
not lose righting reflex or which are convulsed during ischemia were
excluded from the study [17].

Measurement of percentage left ventricle necrosis

Percentage left ventricle necrosis in normal rats following cardiac
I/R injury was found to be 49.05 ± 1.76. Significant reduction in
infarction was observed at the dose level of 5 mg/kg and 10 mg/kg of
Saxagliptin (Table 1). Similarly, percentage left ventricle necrosis in
diabetic rats following cardiac I/R injury was found to be 59.06 ± 1.86.
Significant reduction in infarction was observed at the dose levels of 5
mg/kg and 10 mg/kg administration of Saxagliptin (Table 1) in acute
study. The effect of Saxagliptin in diabetic groups was more
pronounced when compared to normal groups. Hence, for the chronic
study the dose of Saxagliptin 5 mg/kg was selected.

Rats were divided into groups: Normal, sham control, I/R (ischemia
+reperfusion), Saxagliptin treated. Saxagliptin was suspended in 0.1%

Group

Infarct size
Mean ± SD
Percentage
protection

Normal
Sham
control

5.09 ± 0.48

-

Normal

Normal

Normal

control

Saxagliptin

Saxagliptin

(I/R)

5 mg

10 mg

49.05

21.02

9.33

± 1.76

± 1.29

± 0.56

-

57.14*

80.97*

Diabetic
Sham control

Diabetic

Diabetic

Diabetic

Control

Saxagliptin

Saxagliptin

(I/R)

5 mg

10 mg

9.67

59.06

23.98

8.97

± 0.56

± 1.86

± 2.55

± 1.35

-

-

59.39*

84.81*

Table 1: Effect of acute administration of saxagliptin on infarct size (% left ventricle necrosis) in normal and diabetic rats. All values were
expressed as mean ± S.D (n=6), *p<0.05.
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Effect on biochemical markers
Significant elevation of LDH (5086.33 ± 120.31), SGOT (1522.5 ±
36.91), CK (3352 ± 251.89 and CK-MB (546 ± 13.62) indicates loss of
viability and structural damage to cardiac tissue, as evidenced by
diabetic groups subjected to I/R injury. Treatment with saxagliptin 5
mg/kg significantly reduced the elevated levels of LDH (695.66 ±
40.54), SGOT (336 ± 27.14) CK (393.88 ± 32.18) and CK-MB (127.83
± 9.82) in diabetic groups when compared to Diabetic groups
subjected to I/R injury (Table 2 and Figure 1).

Diabetic I/R Control

Saxagliptin
treatment
mg/kg

347.5 ± 11.57

5086.33 ± 120.31

695.66 ± 40.54

SGOT (U/L)

162.83 ± 7.22

1522.5 ± 36.91

336 ± 27.14

CK (U/L)

158.83 ± 11.14

3352 ± 251.89

393.88 ± 32.18

CK-MB (U/L)

25 ± 2.36

546 ± 13.62

127.83 ± 9.82

-

a

a, b

Marker

Diabetic
Control

LDH (U/L)

Sham

Saxagliptin
I/R treatment
mg/kg

Marker

Diabetic Sham Diabetic
Control
control

MDA

5.51 ± 1.08

183.30 ± 2.84

40.88 ± 1.39

29.69 ± 1.50

10.22 ± 1.25

26.28 ± 1.93

25.89 ± 0.99

9.2 ± 0.40

22.67 ± 0.67

a

a, b

5.0

(nmol/g tissue)
SOD
(U/g tissue)
CAT
(U/g tissue)

5.0

Table 3: Effect of Saxagliptin on cardiac oxidative stress markers in
ischemia-reperfusion induced myocardial infarction in diabetic rats.
Statistical significance was presented in the last row of the table. All
values were expressed as mean ± S.D (n =6), ap<0.05 vs. diabetic sham
control; bp<0.05, vs. diabetic control I/R.

Table 2: Effect of Saxagliptin on cardiac enzyme biomarkers in
ischemia-reperfusion induced myocardial infarction in STZ induced
diabetic rats. Statistical significance was presented in the last row of the
table. All values were expressed as mean ± SD (n =6), ap<0.05 vs.
diabetic sham control; bp<0.05, vs. diabetic control I/R.

Figure 2: Effect of Saxagliptin on cardiac oxidative stress markers in
ischemia-reperfusion induced myocardial infarction in diabetic
rats.

Figure 1: Effect of Saxagliptin on cardiac enzyme biomarkers in
ischemia-reperfusion induced myocardial infarction in STZ
induced diabetic rats.

Effect on oxidative stress markers
To determine the effect of Saxagliptin following cardiac I/R injury
on oxidative stress parameters, malondialdehyde, superoxide
dismutase and catalase levels.
Effect on cardiac malondialdehyde levels: Malondialdehyde levels in
the cardiac tissue were significantly higher in diabetic I/R (183.30 ±
2.84) group compared to sham operated rats (5.51 ± 1.08). In rats
treated Saxagliptin 5 mg/kg, the elevated levels of MDA due to I/R
injury were significantly attenuated in diabetic groups (40.88 ± 1.39)
respectively (Table 3 and Figure 2).
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Effect on cardiac SOD levels: SOD levels in the cardiac tissue of
diabetic rats subjected to I/R (10.22 ± 1.25) were significantly
decreased compared to sham operated rats (29.69 ± 1.50). In
Saxagliptin treated rats, levels of SOD (26.28 ± 1.93) were significantly
increased when compared to diabetic I/R group (Table 3 and Figure 2).
Effect on cardiac CAT levels: CAT levels in the cardiac tissue of
diabetic rats subjected to I/R (9.2 ± 0.40) were significantly decreased
compared to sham operated rats (25.89 ± 0.99). In Saxagliptin treated
rats, levels of CAT (22.67 ± 0.67) were significantly increased when
compared to diabetic I/R group (Table 3 and Figure 2).

Discussion
Reperfusion injury is the result of complex interactions between
substances accumulating during ischemia and those produced after
reperfusion. Many studies demonstrated several mechanisms and
mediators of reperfusion injury of which most frequently cited include
oxygen free radicals, intracellular calcium overload, endothelial
microvascular dysfunction and altered myocardial metabolism [23,24].
Reperfusion is also a potent stimulus for neutrophil activation and
accumulation, which in turn serve as potent stimuli for reactive oxygen
species production [25]. Invasion and activation of neutrophil,
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granulocytes together with an explosive release of oxygen free radicals
are considered to be the two major events contributing to the
pathophysiological derangements [26].
Diabetes itself increases the oxidative stress with in the myocardium
[27]. Therefore, it was suggested that the greater degree of injury
demonstrated in diabetic rats could be due to a result of increased
oxidative stress within the diabetic myocardium and increased
neutrophil accumulation in the diabetic rats contributing to increased
ischemia-reperfusion injury. The results showed significantly larger
infarct size in diabetic rats when compared to normal rats subjected to
ischemia-reperfusion injury. The infarct size was significantly reduced
by saxagliptin in both normal and diabetic rats in the present study.
This was in conformity with the previous studies reporting the infarct
size limiting effect of DPP-4 inhibitors [28-30].
LDH, SGOT, CK and CK-MB are the good enzymatic biochemical
markers of myocardial damage. Leakage of these intracellular enzymes
occurs during stress conditions like I/R injury. Increased generation of
ROS species during I/R injury oxidises membrane lipids and causes
structural damage to the cell membrane. LDH and SGOT play an
important role in energy metabolism particularly during hypoxia
conditions. CK and CK-MB provide energy during contraction
process. Leakage of these cytosolic enzymes indicates myocardial
damage. Many studies have shown that myocardial I/R injury
increased the release of LDH [31] and CK-MB in diabetic rats [32,33].
Treatment with saxagliptin decreased the levels of LDH, SGOT,
CK and CK-MB enzymes significantly. Therefore, the results represent
that saxagliptin prevents oxidative damage to cell membrane caused
during ischemia reperfusion injury. The mechanism might be
attributed to scavenging lipid peroxidation products. This mechanism
is partially responsible for its cardioprotective effect against ischemia
reperfusion injury in diabetic rats. Our results are in agreement with
previous studies; sitagliptin pre-treatment decreased the release of
LDH and CK-MB. In another study treatment with trigonelline and
sitagliptin for a period of 9 weeks reduced LDH, CK and CK-MB levels
in diabetic rats [34].
The antioxidant defence mechanisms that are developed in heart
tissue are SOD, CAT etc. play a very important role in scavenging the
ROS particularly when subjected to oxidative stress [35]. During
diabetes, these antioxidant defence mechanisms are down regulated
further exaggerating the oxidative damage during ischemia
reperfusion injury [36]. The results of the present study also
demonstrated that the exaggerated oxidative stress in diabetic
ischemia-reperfusion injury was clearly evidenced by increased levels
of MDA and decreased antioxidant enzyme levels of SOD and CAT in
heart tissue [37,38]. Saxagliptin treatment offered significant
cardioprotection by reduced lipid peroxidation and increased SOD and
CAT levels.

cardiovascular outcome in saxagliptin treated patients showed a
decreased rate in stroke, cardiovascular death and myocardial
infarction compared to other anti-diabetic therapies [15]. Mechanisms
shown in the present study might contribute to the beneficial effects. It
would be of interest to evaluate the saxagliptin also in I/R injury of the
kidney.
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