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 Abstract
 Background. To evaluate the protective effect 
of Nigella sativa oil (NSO) on the myocardium in 
streptozotocin-induced diabetic rats. 
 Materials and methods. Thirty-two 7–8-week-old 
female Wistar albino rats (300–350 g) were equally divided 
into 4 groups: nondiabetic untreated animals (control), 
diabetes mellitus (DM), NSO, and DM+NSO groups. For 
the induction of diabetes, 45 mg/kg streptozotocin was 
applied to the rats in the DM and DM+NSO groups as a 
single intraperitoneal dose. NSO (400 mg/kg) was orally 
administered through an intragastric catheter once a day over 
21 days. Formalin-fixed, paraffin-embedded tissue sections 
of the myocardium were evaluated histopathologically and 
immunohistochemically. 
 Results. Compared to the control, NSO, and 
DM+NSO groups, the myocardial tissue samples from the 
rats in the DM group had significantly higher myositis, 
hyaline degeneration, and Zenker’s necrosis. Moreover, the 
Bcl-2 expressions were significantly higher in the control, 
NSO, and DM+NSO groups than in the DM group. 
 Conclusion. NSO has a protective effect on the 
myocardium of streptozotocin-induced diabetic rats, most 
likely via suppressing apoptosis.

 Key words: Nigella sativa oil, diabetes mellitus, 
Bcl-2, apoptosis, myocardium.

INTRODUCTION

 Diabetes mellitus (DM) is one of the most 
common chronic diseases affecting the general 
population, with an increasing prevalence worldwide 
(1). The end-organ damage, including retinopathy, 
nephropathy, neuropathy, ischemic heart disease, 
stroke, and peripheral vascular disease, is the main cause 
of morbidity and mortality in uncontrolled diabetes. 
Hyperglycemia-induced oxidative stress plays a central 
role in the pathogenesis of organ damage in diabetes 
(1). The pathogenesis of organ damage involves many 

factors that cause reactive oxygen species accumulation 
in tissues, which in turn promotes cellular dysfunction 
and ultimately apoptosis (1, 2). It has been shown that 
apoptotic changes caused by hyperglycemia-induced 
oxidative stress are responsible for tubular kidney 
damage and pancreatic beta-cell loss in diabetes (3, 
4). Therefore, in addition to controlling blood glucose 
level, protective measures against oxidative stress and 
apoptosis would delay the progression of diabetic tissue 
complications.
 Nigella sativa is a flowering plant from the 
Ranunculaceae family mostly found in southwest 
Asia and the Middle East. Its seeds and oil have 
been commonly used in traditional herbal medicine 
to treat many diseases. In experimental and clinical 
studies, antimicrobial, antioxidant, anti-inflammatory, 
antitumor, antihypertensive, antihyperlipidemic, 
and antidiabetic effects have been shown (5–7). 
The pharmacological properties of Nigella sativa 
are attributed to thymoquinone, the major bioactive 
component of the essential oil, and its antioxidant 
effects (8, 9). 
 Bcl-2 is a member of the B-cell lymphoma 
(Bcl) protein family, which regulates apoptosis in 
cells. The overexpression of Bcl-2 enhances cell 
survival by suppressing apoptosis (10). It has been 
suggested that oxidative stress induces tissue damage 
in diabetic models by stimulating apoptosis (11, 12). 
Since oxidative stress and reactive oxygen species 
(which result in apoptosis) are known as the major 
causes of tissue damage induced by DM, we suggest 
that Nigella sativa oil (NSO) may play a protective role 
against tissue damage in diabetes by its antioxidant and 
antiapoptotic action.
 Therefore, in this study, we aim to evaluate 
the protective effect of NSO on the myocardium in 
streptozotocin-induced diabetic rats. We also investigate 
the role of cell survival on the myocardial tissue. 
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MATERIALS AND METHODS

 Study design and animals
 Thirty-two 7–8-week-old female Wistar albino 
rats (300–350 g) (obtained from Van Yuzuncu Yil 
University Experimental Animal Unit) were used for 
the study. The rats were randomly divided into the 
following 4 groups, each containing 8 rats: nondiabetic 
untreated animals (control group), a DM group, a NSO 
group, and a DM+NSO group. Before the experiment, 
all of the rats were acclimatized to the environment for 
3 weeks, during which time they were kept in cages at 
room temperature of 22±2ºC with a 12/12 h light/dark 
cycle and fed ad libitum. 

 Ethics Statement
 This study was performed in strict accordance 
with the recommendations of the National Centre 
for the Replacement, Refinement, and Reduction of 
Animals in Research (NC3Rs). The experimental 
protocol was approved by the Committee on the Ethics 
of Animal Experiments at Ataturk University (Permit 
Number: 46-02.03/2014).

 Experimental procedure
 The blood glucose levels of all rats were 
measured before the experiment with biosensor glucose 
measurement device and strips (Clever Chek-TD-4222). 
For induction of diabetes, 45 mg/kg streptozotocin 
(Sigma Chemical Co., St. Louis Missouri, USA) was 
dissolved in a cold citrate buffer at pH 4.5 and applied 
to the rats in the DM and DM+NSO groups as a single 
intraperitoneal dose on day 1 of the study. 
 Blood glucose levels were measured in blood 
samples obtained from the tail veins of the rats at 72 
hours after the injection of streptozotocin. Rats with 
blood glucose levels over 250 mg/dL were diagnosed 
as type 1 DM. 
 For the rats in the NSO and DM+NSO groups, 
400 mg/kg NSO was orally administered once a 
day over 21 days (13). Then, the myocardium of all 
the rats was formalin-fixed and paraffin-embedded 
for histopathological and immunohistochemical 
investigations.

 Histopathological assessment
 Tissue sections of 4 μm thickness were taken 
from each block and prepared on the slides, which were 
then stained with hematoxylin and eosin (H & E) and 
evaluated under a light microscope (Nikon Eclipse CI, 
Amsterdam, Netherlands). The presence and severity 

of histopathological changes such as myositis, hyaline 
degeneration, and Zenker’s necrosis were evaluated as 
none (-), mild (+), moderate (++), and severe (+++).

 Immunohistochemistry
 Immunohistochemical staining was done 
on 4 μm tissue sections of formalin-fixed, paraffin-
embedded tumor samples. Bcl-2 alpha ab-1 (Richard 
Allan Scientific, Kalamazoo/USA) was used as 
the primary antibody. Staining was performed on a 
Ventana Benchmark XT autostainer with the XT 
ultraView DAB Kit (Ventana Medical Systems). 
All slides were counterstained with hematoxylin. To 
exclude unspecific staining, system controls were 
included. The immunopositivity for Bcl-2 expression 
was graded as none (-), mild (+), moderate (++), and 
severe (+++).

 Statistical analysis
 Statistical analyses were carried out using SPSS 
software (Statistical Package for Social Sciences, ver. 
13.0, SPSS Inc., Chicago, Illinois, USA). The medians 
of histopathology and immunohistochemistry scores 
were reported. The differences in semi-quantitative 
data between multiple groups were evaluated by a non-
parametric Kruskal-Wallis test followed by the Mann-
Whitney U test for comparison of the two groups. The 
level of statistical significance was set to p<0.05.

RESULTS

 Histopathology
 The median severity grade for histologic 
lesions on the myocardium of the control, NSO, 
DM+NSO, and DM groups were 0 (0–1), 0 (0–1), 
1 (1–3), and 2 (1–3), respectively (Kruskal-Wallis 
test, p<0.05). All the pairwise comparisons of the 
myocardium scores of the groups revealed statistical 
significance between the DM and DM+NSO groups 
(Mann-Whitney U test, p<0.05). However, there were 
no statistically significant differences between the 
control, NSO, and DM+NSO groups (Mann-Whitney 
U test, p>0.05).
 The heart tissue obtained from rats in the 
control and NSO groups revealed normal histologic 
structure. In the DM group, however, mild myositis, 
hyaline degeneration, and extensive Zenker’s necrosis 
were detected among the myocardial muscle fibers. 
In the DM+NSO group, hyperemia and hyaline 
degeneration were observed in a few muscle cells 
(Fig.1, Table 1).
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 Immunohistochemistry
 In the immunohistochemical evaluation, the 
Bcl-2 showed a moderate nuclear staining in all slides. 
The degree of Bcl-2 expression among myocardial cells 
was mild in the control and NSO groups, moderate in 
the DM group, and very high in the DM+NSO group 
(Fig. 2, Table 1). 
 The median Bcl-2 expression in the 
myocardium of the control, NSO, DM+NSO, and DM 
groups was 1 (0–2), 1 (0–2), 3 (1–3), and 1 (0–3), 
respectively (Kruskal-Wallis test, p<0.05). The Bcl-2 

expression was significantly higher in the DM+NSO 
group than in the other groups (Mann-Whitney U 
test, p<0.05). However, there were no statistically 
significant differences between the control, NSO, and 
DM groups (Mann-Whitney U test, p>0.05). 

DISCUSSION

 In this experimental study, we evaluated the 
protective effect of NSO against histologic damage 
to the myocardium caused by DM in a rat model of 

Figure 1. (a) Heart tissue of control group had normal histologic structure. (b) In DM, a mild myositis,  severely hyaline degeneration (arrow 
head), and Zenker’s necrosis (arrow) were detected among the myocardial muscle fibers. (c) The heart tissue of NSO group had a normal 
histologic structure. (d) In DM+NSO group, hyperemia and slight hyaline degeneration were observed in a few muscle cells. (H&E; bar: 20 µm).

Table 1. Median severity grade for histologic lesions and immunopositivity for Bcl-2 expression  in myocardium  of rats in study groups

Severity for histologic lesions and immunopositivity for Bcl-2 expression were graded as none (-), mild (+), moderate (++), and severe (+++).

Control 
(n=8)

DM 
(n=8)

NSO 
(n=8)

DM+NSO 
(n=8)

Myocardium

Myositis - ++ - -
Hyaline degeneration - +++ - ++
Zenker’s necrosis - ++ - -
Bcl-2 expression + + + +++
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diabetes and the mechanism by which it exerts this 
effect. We found that NSO has a protective effect 
against diabetes-induced damage in the myocardium in 
streptozotocin-induced diabetic rats. To the best of our 
knowledge, this study is the first which evaluates the 
protective effect of NSO on the myocardium.
 Since end-organ damage is the main cause of 
mortality and morbidity in both types 1 and 2 diabetes, 
it is important to develop effective strategies to protect 
the organs from damage caused by high blood glucose 
levels. Although controlling blood glucose level is 
the most effective strategy for this, other adjuvant 
therapeutics are needed to further protect the organs.
 Several studies suggest a beneficial effect of 
Nigella sativa on a wide range of medical conditions 
such as hypertension, chemotherapy-induced 
nephrotoxicity, liver diseases, neurodegenerative 
conditions, and brain tumors (8, 14, 15). Although 
Nigella sativa and its active ingredient thymoquinone 

can improve the glycemic status and lipid profile 
in diabetes models (16, 17), studies on its effects on 
diabetes-induced tissue damage are scarce. Furthermore, 
the potential molecular mechanism by which NSO or 
thymoquinone exerts this action in diabetes has been 
still poorly characterized. 
 In the present study, there was remarkable 
histopathological damage, including myositis, hyaline 
degeneration, and Zenker’s necrosis in the myocardium 
in DM group. Atta et al. (18) suggest that thymoquinone 
prevents diabetes-induced testicular damage in rats 
due to its antioxidant and anti-inflammatory effects 
and upregulation of aromatase expression. Hamdy and 
Taha (19) show that NSO and thymoquinone correct 
neuropathy in streptozotocin-induced diabetic rats 
through their antioxidant effects. Kanter (20) reported 
that, in comparison to untreated streptozotocin-induced 
diabetic rats, thymoquinone treatment reduced the 
glomerular size, thickening of the capsular, glomerular, 

Figure 1. Light microscopic micrograph of testis in control group.

Figure 2. The cytoplasmic Bcl-2 positivity was observed in very few myocardial cells of control group (a) and Nigella sative oil group (c). 
Cytoplasmic Bcl-2 positivity was at moderate and highest degree in myocardial cells of DM group (b) and DM+NSO group (d), respectively. 
(IP; bar: 20 µm).
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and tubular basement membranes, and increased levels 
of mesangial matrix and tubular dilatation and renal 
function. Therefore, our findings are in line with 
recent studies showing the protective effect of NSO 
and thymoquinone on the tissue damage induced by 
diabetes. 
 Several molecular mechanisms have 
been suggested in the literature by which NSO or 
thymoquinone exerts its action in diabetes. Karandrea 
et al. (21) suggest that thymoquinone ameliorates 
the diabetic phenotype in the diet-induced obesity 
mouse model of type 2 diabetes via activation of the 
SIRT1-dependent pathways. Thymoquinone has been 
suggested to have a protective effect against type 1 
diabetes via the nitric oxide inhibitory pathway (22). El-
Shemi et al. (23) report that thymoquinone regenerates 
pancreatic β-cells, ameliorates pancreatic inflammation 
and oxidative stress, suppresses apoptosis of β-cells, 
and enhances islet revascularization in streptozotocin-
induced diabetic rats. Assaf et al. (24) have also recently 
suggested that thymoquinone has an inhibitory effect 
on apoptosis in leukemic cells. Dincel and Yildirim 
(11) suggest that overexpression of endothelial nitric 
oxide synthase and inducible nitric oxide synthase 
induces diabetic nephropathy by mediating apoptosis 
in streptozotocin-induced rats. 
 Apoptosis refers to the genetically-controlled 
morphological process of controlled cellular self-
destruction by which an organism eliminates 
unnecessary cells (25). Bcl is a family of proteins 
with both proapoptotic and antiapoptotic properties 
that plays a pivotal role in the life and death of cells 
(26). The various Bcl proteins control the sensitivity 
of cells to apoptotic stimuli (27). Bcl-2 belongs to the 
antiapoptotic member of the Bcl family. It is localized 
to the outer mitochondrial and endoplasmic reticulum 
membranes and plays a role on the inhibition of 
apoptosis in a number of subjects to various apoptosis-
inducing stimuli including hyperglycemia (28, 29). 
Recent studies indicate that de-activation of Bcl-2 along 
with activation of the proapoptotic Bcl protein family 
members initiates beta-cell apoptosis in the pancreas 
and a corresponding reduction in islet insulin content 
in diabetes (4). Based on the present literature on the 
antiapoptotic effect of thymoquinone, we hypothesized 
that NSO protects the myocardium from diabetes-
induced damage via its inhibitor action on apoptosis. In 
order to test this hypothesis, we evaluated the expression 
of Bcl-2 in the myocardium and found that while the 
expression of Bcl-2 was low in the control, DM, and 
NSO groups, a large number of cells in the myocardial 

tissue of the DM+NSO group had Bcl-2 positivity. The 
overexpression of Bcl-2 only in the DM+NSO group 
suggests that NSO prevents myocardial cell damage 
induced by DM by inhibiting apoptosis.
 The main limitation of the present study was the 
use of NSO itself, which is the phytochemical extract of 
the plant and contains various ingredients in addition to 
the active ingredient thymoquinone (5, 30). Although 
thymoquinone has been suggested to be responsible 
for the pharmacological activity of NSO, the dosage 
and safety profile of the active ingredient should be 
determined for the clinical management of diabetes and 
its complications. Additionally, we only assessed the 
expression of Bcl-2, but not other markers of apoptosis. 
In order to reach a more definitive conclusion on the 
mediatory action of NSO on apoptosis in diabetes, the 
expression of other apoptosis and antiapoptosis markers 
and the tissue levels of oxidative stress markers should 
be determined in further studies. 
 In conclusion, NSO has a protective effect 
on diabetes-induced damage to the myocardium in 
streptozotocin-induced diabetic rats, most likely 
via suppressing apoptosis, as indicated by the 
overexpression of Bcl-2. Therefore, NSO may be a 
potential biological adjuvant therapy to be used as a 
remedy to protect the myocardium from diabetes-
induced damage, which needs to be confirmed with 
further clinical studies. 
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