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ABSTRACT

Diabetic cardiomyopathy, one of the complications of diabetes, is a major cause of
heart failure. N-Acetylcysteine (NAC) is an agent with numerous biological effects.
This study aimed to investigate the effects of NAC on diabetic cardiopathy in
experimental diabetic rats induced with streptozotocin. Eighteen animals were divided
into three groups (n=6). Rats in the control group received only water intragastrically.
The diabetes (D) group received a single dose of 45 mg/kg STZ, and the D+NAC group
received a single dose of 45 mg/kg STZ and 50 mg/kg/day NAC. At the end of the 28-
day experiment, heart tissues taken from the animals were examined histologically using
Hematoxylin and Eosin (H&E) and Masson Trichrome (MT) staining methods. In the
diabetes group, myocardial apoptosis, myocardial fiber deterioration, and collagen
accumulation were observed in microscopic examination of H&E and MT stains of the
heart. However, NAC treatment significantly reduced these pathological changes. The
findings of our study reveal that it may have a cardioprotective effect, reducing
myocardial apoptosis and fibrosis in diabetic rats.
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INTRODUCTION

Diabetes is a metabolic and chronic disease characterized
by high blood sugar [1]. Affecting many individuals and
increasing alarmingly, diabetes is estimated to affect 700
million people by 2045 [2]. Diabetes damages the heart and
blood vessels, as it does many other tissues, leading to chronic
heart disease. Myocardial infarction, a complication of
diabetes, is approximately three times more common in
diabetic patients [3]. The mechanism of diabetic
cardiomyopathy is associated with oxidative stress, apoptosis,
and inflammation.  Oxidative stress occurring in
hyperglycemia induces apoptosis and inflammation, leading to
cardiocyte damage [4]. Furthermore, cardiac fibrosis, a
complication of diabetic cardiomyopathy, contributes to the
development of heart failure by causing cardiac cycle
dysfunction [5].

N-acetyl cysteine (NAC) has many biological effects, as
well as antioxidant and anti-inflammatory effects [6]. NAC
protects tissues by scavenging free radicals, which increase in
many pathological conditions [7]. Oxidative stress is thought
to cause heart failure by inducing myocardial damage [8].
NAC has been reported to have a protective effect against
cardiac damage by increasing the secretion of glutathione, an
endogenous antioxidant that plays a vital role in cellular
defense against oxidative stress [9]. NAC has also been
reported to reduce the development of cardiac fibrosis,
diastolic dysfunction, hypertrophic cardiomyopathy, and
hypertrophic development in epicardial myocytes [10-12].

As understood from the literature, NAC administration has
beneficial effects against cardiomyopathy occurring in various
pathological conditions. However, the mechanism of action of
NAC against cardiomyopathy in diabetic rats is not fully
understood. This study aimed to investigate the protective
effects of NAC  against  streptozotocin-induced
cardiomyopathy in diabetic rats.

MATERIALS AND METHODS
Experimental Animals

Eighteen adult Wistar Albino male rats were used in the
study. The rats were kept in polycarbonate rat cages at 21-24
°C (room temperature) with a 12-hour light/12-hour dark
photoperiod and were fed with standard pellet rat food and tap
water ad libitum.

Experimental Protocol

Animals were divided into 3 groups (n=6). For rats to be
induced with diabetes, a single dose of 45 mg/kg STZ (sc-
200719, Santa Cruz) was administered (IP) [13]. The groups
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are as follows: Control, D, D+NAC. Control group: Only
water was administered intragastrically (1G) for 28 days. D
group: A single dose of 45 mg/kg STZ was administered [13].
D+NAC group: 45 mg/kg single dose STZ (IP) and 50
mg/kg/day NAC (CAS: 616-91-1, Sigma Aldrich) by
intragastrically (1G) for 28 days [14]. All protocols of this
study were approved by Van Yuzuncu Yil University Animal
Experiments Local Ethics Committee (Approval number:
2022/11-05). At the end of the experiment, rats were
anaesthetised with 50 mg/kg Ketalar I.P. and 10 mg/kg
Xylasine, and the thoracic region of the rats was opened, the
heart was removed and placed in 10% formaldehyde for
histological examination.

Histological examination protocol

5 um-thick sections were taken from paraffin blocks by a
microtome. To evaluate possible pathological changes in the
heart, slides were stained with Hematoxylin & Eosin (H&E),
and to evaluate cardiac fibrosis, slides were stained
with Masson trichrome (MT). The stained slides were
examined under a light microscope (Olympus, BX53, Japan)
to evaluate pathological changes in the heart [15-16].
According to the histopathological findings observed in the
tissue, it was evaluated as normal (-), low (+), moderate (++),
and intense (+++).

RESULTS

Heart tissues from the control group had normal
histological architecture. Compared to the control group,
myocardiocytes in the D group exhibited apoptosis, disruption
of myocardial fiber structure, and collagen accumulation in the
extracellular space. However, these pathological changes were
reduced with NAC treatment (Figure 1 and Table 1).
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Table 1. Histopathological evaluation score of rat heart tissues
Groups Apoptotic cells Disruption of myocardial | Collagen accumulation
fiber structure

Control - - -

D ++ + ++

D+NAC + - +
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Figure 1. Microscopic images of the heart using H&E and MT staining. Arrow: apoptotic cell, arrowhead: collagen
deposition.
DISCUSSION cardiocytes, leading to cardiac dysfunction and cardiac fibrosis

The current study aimed to investigate the protective
effects of NAC against cardiotoxicity in experimental diabetic
rats. Our study findings demonstrated that NAC treatment
reduced cardiac fibrosis, apoptosis, and structural deterioration
in myocardiocytes in diabetic rats. Previous studies have
reported that hyperglycemia in diabetes induces oxidative
stress, leading to cardiac damage [17]. Oxidative stress has
been proposed as a common pathway linking the mechanisms
involved in the development of many diabetic complications.
Increased ROS induce apoptosis in both endothelial cells and
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[18].

Cardiac fibrosis, characterised by matrix accumulation in
the extracellular space, causes both systolic and diastolic
cardiac dysfunction in many cardiac pathophysiological
conditions. For normal heart function, collagen synthesis and
degradation must be in balance. When this balance is
disrupted, increased collagen accumulation in the extracellular
space leads to ventricular hypertrophy [19].

In various pathological conditions, myocardial fibroblasts
accumulate in the myocardial interstitium and synthesise
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extracellular matrix (ECM) proteins, causing cardiac fibrosis
[20]. Previous studies have frequently detected the presence of
myocardial fibrosis (scarring) in diabetic patients using
imaging methods, even in the absence of myocardial infarction
(MT1) [21]. Similarly, in experimental animal models, diabetes-
induced induction of profibrotic genes and cardiac
hypertrophy have been reported to be closely associated with
cardiac fibrosis [22,23]. Cardiac fibrosis is associated with
many pathological mechanisms. Jia et al. [24], in a study
investigating the role of the TRPV4 channel in cardiac fibrosis
in diabetic animals, demonstrated that TRPV4 may cause
cardiac fibrosis via the TGF-B1/Smad3 signaling pathway.

In myocardial fibrosis, myocardial stiffness increases with
the deterioration of microvascular and cardiac structures. This
contributes to cardiac failure by reducing cardiac stroke
volume. In previous studies, various therapeutic agents have
been used to prevent diabetic myocardial fibrosis. It has been
reported that dapagliflozin can prevent myocardial fibrosis by
inhibiting  endothelial-to-mesenchymal  transition  and
fibroblast activation, which play an essential role in fibroblast
proliferation [25]. Zhao et al. [26] demonstrated that
liraglutide can improve cardiac fibrosis by reducing P4ha-1
expression, which is associated with fibrosis, in
streptozotocin-induced diabetic cardiomyopathy. Similarly,
ibuprofen has been suggested to reduce cardiac fibrosis by
inhibiting the ACE/Angll/AT1-R pathway in diabetic rats
[27]. Additionally, the antifibrotic effects of NAC have been
proven in an experimental hypertrophic cardiomyopathy
model in mice [28]. Consistent with the literature, our study
examined cardiac tissues microscopically using H&E and MT
staining in streptozotocin-induced diabetic rats. Apoptosis was
observed in myocardiocytes, and an increase in the density of
MT staining, a collagen staining method, was observed in the
interstitial space of the diabetic rats. However, NAC
administration was observed to reduce these pathological
changes in cardiac tissue significantly.

CONCLUSION

In conclusion, this study reveals that NAC treatment may
have a cardioprotective effect by reducing myocardial fibrosis
and apoptosis associated with cardiomyopathy. However,
additional studies are needed to understand the mechanism of
action of NAC in diabetic cardiomyopathy fully.
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