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                  A B S T R A C T                                      

Introduction  

Diabetes mellitus (DM) is a chronic 
metabolic disease characterized by hyper-                    

glycemia due to insulin deficiency or insulin 
resistance or both. DM is accompanied with 
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This study was performed to assess the effect of diet supplementation with Nigella 
sativa (NS) and Sesame seeds (SS) on body weight, immune status, blood glucose 
(BG), insulin, total cholesterol (TC), triglycerides (TG) and kidney function 
parameters as well as on activities of renal tissue antioxidant enzymes in diabetic 
rats. Forty nine mature Sprague Dawley male rats were randomized into 7 groups 
(n= 7). Group (1) was used as a negative control and fed on basal diet, while the 
remaining 6 groups were rendered diabetic by intraperitoneal injection of alloxan 
(120 mg/kg). After induction of diabetes, group (2) was kept positive control, while 
groups (3), (4), (5), (6) and (7) were fed on diet supplemented with 5 % NS; 10% 
NS; 5% SS; 10% SS and 5% NS+ 5% SS, respectively for 6 weeks. The initial and 
final body weights of rats were recorded. Blood samples were collected for 
estimation of tumor necrosis factor alpha (TNF- ), inflammatory cytokines IL-4 
and IL-8, fasting BG, insulin, TC and TG levels, blood urea nitrogen (BUN), uric 
acid and creatinine (Cr) serum levels. Differential leucocytic count and activities of 
antioxidant enzymes superoxide dismutase (SOD), glutathione peroxidase (GPx) 
and catalase (CAT) in kidney tissues were also determined. The results showed that 
diet supplementation with NS and SS significantly increased body weight and 
improved feed efficiency ratio of diabetic rats. Diet supplementation with NS and 
SS decreased the number of lymphocytes, decreased production of TNF- and 
cytokines IL4 and IL8; normalized BG, insulin, TC and TG and BUN and Cr 
levels. There were enhanced the activity of SOD, GPx and CAT enzymes in renal 
tissues of diabetic rats. In conclusion, diet supplementation with NS and SS has 
immunostimulant, antidiabetic, hypolipidemic, nephroprotective and antioxidant 
activities in diabetic rats. Therefore, intake of baked foods and sweets 
supplemented with NS and SS may be beneficial for patients who suffer from 
diabetes mellitus.
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metabolic, vascular, nephropathic and 
neuropathic disorders (Gale and Anderson, 
2009). The metabolic disorder of DM is 
frequently diagnosed by hyperglycemia and 
lipid abnormalities leading to vascular 
disorders. Hyperglycemia occurs when the 
cells become unable to utilize glucose and/or 
the liver and skeletal muscles cannot store 
glycogen (Luis-Rodríguez et al., 2012). The 
capacity of the innate immune system to 
sense metabolic stress induced by nutritional 
surplus has been linked with the progression 
of obesity and type 2 DM (Jin et al., 2013). 
Activation of the innate immunity evident 
by increased secretion of inflammatory 
cytokines has been shown to be relevant to 
the pathogenesis of DM type 2 (Itariu and 
Stulnig et al. 2014). In addition, DM 
induced oxidative stress via generation of 
reactive oxygen species (ROS) that are 
causally linked to the development of 
cardiovascular morbidity and mortality 
(Sturza et al., 2015).   

Nigella sativa (NS) seeds have been used for 
thousands of years for culinary and medical 
purposes. Many of the biological activities 
of NS were attributed to presence of 
thymoquinone (TQ) in the essential oil 
(Houghton et al., 1995). TQ is the most 
abundant bioactive ingredient of NS 
essential oil and mediates most of 
therapeutic effects. TQ and seeds of Ns were 
reported to produce antioxidant (Badary et 
al., 1997); antidiabetic (Kaleem et al. 2006); 
anticancer (Gali-Muhtasib et al., 2006 and 
Randhawa and Alghamdi, 2011); analgesic 
and anti-inflammatory (Inci et al., 2013) and 
hypolipidemic (Ahmad and Beg, 2013 and 
Asgary et al., 2015) effects. The seeds of NS 
have been found by some authors to possess 
an immunopotential activity (Haq et al., 
1995; El-Feki et al., 1997; Assayed, 2010 
and Sultan et al., 2014).   

Sesame seeds (SS) have been used as a 
source of healthful foods and of essential 
Sesame oil. The seeds are a rich source of 
many essential minerals. Sesame oil is one 
of the most stable vegetable oils and it 
contains high content of natural antioxidant 
lignans as sesamin, sesamolin and sesamol 
(Mahendra and Singh, 2015). Defatted 
Sesame seeds have been reported for 
hypoglycemic effect in mice and women 
with DM type2 (Wikul et al., 2012). 
Sesamin induced an antihypertensive effect 
in humans (Miyawaki et al., 2009); 
improved serum triglycerides and 
atherogenic lipid parameters in type 2 
diabetic patients (Mirmiran et al., 2013). 
Sesamin produced protective effect against 
CCL4-induced hepatotoxicity in mice (Ma 
et al., 2014) and anticancer activity against 
human breast cancer (Siao, et al., 2015).   

The present study was designed to evaluate 
the effect of fortification of diets with 
Nigella sativa and Sesame seeds on body 
weight, immune status; blood glucose, 
insulin, total cholesterol and triglycerides 
levels as well as kidney function parameters 
and the activity of renal antioxidant enzymes 
in alloxan-diabetic rats.   

Materials and Methods  

Plant Seeds   

Nigella sativa (Black seed, Family 
Ranunculaceae) and Sesame (Family 
Pedaliaceae) seeds were purchased from 
local store of spices, grains and oils, Cairo, 
Egypt. Both seeds were grinded into a fine 
powder using an electric coffee mixer. Each 
powder was added to the basal diet at 5 and 
10% concentrations and combination of both 
powders at 5 % to formulate the 
experimental diets.    
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Rats   

Forty nine (49) mature male Sprague 
Dawley rats weighing 250-255 g b.wt and 
10-11 weeks old were used in this study. 
The rats were purchased from Laboratory 
Animal Colony, Helwan, Egypt. The 
animals were housed individually in 
metabolic cages under hygienic conditions 
at room temperature of 25 °C, relative 
humidity of 50 % and 12 hr light/12 hr dark 
cycles. The rats were fed on either basal or 
experimental diets during feeding period and 
water was provided ad libitum.   

Alloxan and Biochemical Kits   

Alloxan was purchased from El-Gomhoryia 
Company for Chemicals; Cairo, Egypt. It is 
dispensed in the form of white powder 
packed in tightly closed brown bottles each 
containing 25 g alloxan monohydrate. Kits 
for biochemical determinations of blood 
glucose and insulin hormone Kits (enzyme-
linked immunoassay) were purchased from 
Gamma Trade Company, Egypt. The other 
biochemical kits were obtained from 
Biodiagnostic Company, Dokki, Egypt.   

Basal and Experimental Diets     

The dietary supply of protein, fat, 
carbohydrates, vitamins and minerals was in 
accordance with the recommended dietary 
allowances for rats (American Institute of 
Nutrition, AIN) according to Reeves et al. 
(1993). Basal diet was consisted of 20 % 
protein, 10 % sucrose, 5 % corn oil, 2% 
choline chloride, 1% vitamin mixture, 3.5 % 
salt mixture and 5% fibers. The remainder 
was corn starch up to 100 %.   

Five experimental diets were thoroughly 
formulated as follow:   

1- Basal diet supplemented with 5 % Nigella 
sativa seeds (NS) powder  

2- Basal diet supplemented with 10% NS 
powder  

3- Basal diet supplemented with 5% Sesame 
seeds (SS) powder  

4- Basal diet supplemented with 10% SS 
powder  

5- Basal diet supplemented with 5% NS+ 
5% SS   

Experimental Design   

Rats were randomized into to 7 groups of 7 
animals each. Group (1) was used as 
negative control and fed on basal diet, while 
the other 6 groups were rendered diabetic. 
Diabetes mellitus was induced by single 
intraperitoneal injection of alloxan in a dose 
of 120 mg/kg/day as described by Ashok et 
al., (2007). Fasting blood glucose levels 
were determined and rats with glucose levels 
between 250 to 300 mg/dL were considered 
diabetic. After induction of diabetes, group 
(2) was kept positive (diabetic) control and 
fed on basal diet, while groups (3), (4), (5) 
and (6) were fed on experimental diets 
supplemented with 5 % NS; 10% NS; 5% 
SS; 10% SS and 5% NS+5%SS, respectively 
for 6 weeks. During feeding period, the 
initial and final body weights of rats were 
recorded and changes in body weight and 
feed efficiency were calculated. At the end 
of experiment, blood samples were collected 
for biochemical analyses.   

Biochemical Analyses   

Blood samples were withdrawn by cardiac 
puncture, left standing for 10 minutes to clot 
and centrifuged at 8000 rpm for 10 minutes 
to separate the serum which kept frozen at 

 

18°C till biochemical analyses. Serum 
concentrations of tumor necrosis factor 
alpha (TNF- ) as a proinflammatory 
cytokine and inflammatory cytokines IL-4 
and IL-8 in blood samples were determined 
by enzyme-linked immunosorbent assay 
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(ELISA) using commercially available kits 
according to the manufacturer's instructions 
(R&D Systems Inc., Minneapolis, MN, 
USA). Fasting blood glucose was 
chemically determined using glucose 
enzymatic kit according to Siest et al. (1981) 
and Insulin was estimated using 
radioimmunoassay (RIA) assay (Yallow and 
Bauman, 1983). Serum levels of total 
cholesterol and triglycerides were 
chemically determined according to Ratliff 
and Hall (1973) and Jacob and Van-
Denmark (1963), respectively.   

Differential Leucocytic Count   

Freshly collected blood samples of 20 l 
were spread on clean slides as a thin film. 
Each smear was left to air dried and fixed 
with methanol for 2 3min and then labelled. 
Blood smears were stained with 10% 
Giemsa's stain (Aldrich), examined under 
light microscopy and different types of 
blood leukocytes were counted (Schalm et 
al., 1975).   

Kidney Function   

For assessment of kidney function, the 
concentration of blood urea nitrogen (BUN) 
was determined using BioMérieux kits 
according to the method of Patton and 
Crouch, (1977). Serum uric acid (UA) was 
determined using the enzymatic colorimetric 
method as described by Fossati et al., 
(1980). Serum creatinine (Cr) concentration 
was colorimetrically determined by the Jaffe 
reaction according to the method of Husdan 
and Rapoport, (1968).   

Assay of Tissue Antioxidant Enzymes  

One gram of kidney tissue was washed with 
ice-cooled 0.9% NaCl solution and 
homogenized in 100 ml of ice-cooled 1.5% 
solution of potassium chloride and 50 mmol 
potassium phosphate buffer solutions (pH 

7.4) to yield 1% homogenate (W/V). 
Homogenization was performed using 
Sonicator, 4710 Ultrasonic Homogenizer. 
Kidney homogenates were centrifuged at 
4000 rpm for 10 minutes at 4°C and the 
supernatants were used to assay the activity 
of antioxidant enzymes glutathione 
peroxidase (GPx), superoxide dismutase 
(SOD), and catalase (CAT) according to 
Paglia and Valentaine (1979), Spitz and 
Oberley (1989), and Sinha (1972), 
respectively.   

Statistical Analysis   

Data were presented as means ± SD. 
Statistical analysis was performed using 
computerized Statistical Package of Social 
Sciences (SPSS) program with one-way 
analysis of variance (ANOVA) followed by 
Duncan's multiple range tests according to 
Snedecor and Cochran (1986).   

Results and Discussion  

Diabetic rats gained less body weight and 
had decreased feed efficiency ratio as 
compared to negative (normal) control rats. 
Feeding diabetic rats on diets supplemented 
with NS and SS and their combination 
significantly (P <0.05) increased body 
weight gain and improved feed efficiency 
ratio when compared with the positive 
(diabetic) control group (Table 1).   

The results of ELISA test showed that 
diabetes mellitus in rats induced significant 
(P < 0.05) increases in serum tumor necrosis 
factor alpha (TNF- ) and inflammatory 
cytokines IL4 and IL8. Experimental diets 
supplemented with NS and SS and their 
combination significantly (P < 0.05) 
decreased the elevated levels of serum TNF-

, IL4 and IL8 in diabetic rats when 
compared to the positive (diabetic) control 
group (Table 2).  



Int.J.Curr.Microbiol.App.Sci (2016) 5(1): 411-423 

415  

Results showed that neutrophils percentage 
in the diabetic group was higher than both in 
the normal control group and the diabetic 
group treated with NS, SS and their 
combination. On the other hand, 
lymphocytes percentage in the diabetic 
group was slightly lower than both the 
normal control group and the diabetic group 
treated with NS and SS and their 
combination. In parallel to neutrophils, 
monocytes percentage in the diabetic group 
was higher than in the control group and the 
diabetic group treated with NS and SS and 
their combination. Feeding experimental 
diets supplemented with NS and SS and 
their combination increased neutrophils and 
monocytes percentages, but decreased 
lymphocytes percentage when compared 
with the normal control group (Table, 3).  

Data in Table (4) showed that diabetes in 
rats significantly increased blood glucose 
and decreased insulin levels when compared 
to the normal control non diabetic group. 
Diets supplemented with NS and SS and 
their combination significantly decreased 
blood glucose and increased insulin levels as 
compared with the positive (diabetic) 
control group.   

Diabetes in rats significantly increased 
serum total cholesterol (TC) and 
triglycerides (TG). Diets supplementation 
with NS and SS and their combination 
significantly decreased the elevated serum 
levels of TC and TG as compared with the 
positive (diabetic) control group (Table 5).   

Diet supplemented with Nigella sativa (NS) 
and Sesame seeds (SS) significantly 
improved kidney function as it significantly 
decreased the elevated levels of blood urea 
nitrogen (BUN) and creatinine (Cr.) as 
recorded in Table (6).  

The results showed that feeding diet 

supplemented with Nigella sativa (NS) and 
Sesame seeds (SS) to diabetic rats 
significantly increased the activity of renal 
tissue antioxidant enzymes superoxide 
dismutase (SOD), glutathione peroxidase 
(GPx), and catalase (CAT) as recorded in 
Table (7).  

The present study aimed to evaluate the 
effect of diet supplemented with Nigella 
sativa (NS) and Sesame seeds (SS) and their 
combination on body weight, immune 
status, blood glucose (BG), insulin, total 
cholesterol (TC), triglycerides (TG), blood 
urea nitrogen (BUN), uric acid (UA) and 
creatinine (Cr) levels as well as activities of 
renal tissue antioxidant enzymes in diabetic 
rats.   

Alloxan has been known to be diabetogenic 
and induces DNA strand breaks in isolated 
rat pancreatic islets in vitro to cause 
Diabetes mellitus (Okamoto, 1985). This is 
in accordance with our data, where alloxan 
injection induced significant increase in 
blood glucose levels versus the control (non 
diabetic) group. The rise in blood glucose 
was significantly reduced after feeding diets 
supplemented with Nigella sativa (NS) and 
Sesame seeds (SS) compared to the normal 
and diabetic groups. The mechanism of 
action of NS and SS to decrease glucose 
concentrations in diabetes mellitus is still 
unknown. Oral supplementation of NS after 
alloxan treatment caused low plasma 
glucose levels and high serum insulin 
values. The NS and SS might be involved in 
reducing or inhibiting alloxan DNA strand 
breaks, increasing insulin secretion and 
consequently decreasing the glucose level 
Akhtar and Ali (1984).   

Free radicals are chemically unstable atoms 
that cause damage to cell lipids, proteins and 
DNA due to imbalance between the 
generation of reactive oxygen species (ROS) 
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and the antioxidant enzymes. Free radicals 
are known to be the main cause of oxidative 
stress which is grossly implicated in the 
pathogenesis of various diseases such as 
cancer, diabetes and cardiovascular diseases. 
Natural antioxidants have been gained much 
attention from consumers because they are 

considered safer than synthetic antioxidants. 
Natural antioxidants derived from fruits, 
vegetables, spices, and cereal grains are very 
effective and can protect the human body 
from oxidative stress caused by ROS 
(Sreeramulu and Raghunath, 2010).    

Table.1 Effect of Diets Fortified with Nigella Sativa (NS) and Sesame Seeds (SS) on - 7 -  
Body Weight Gain (BWG) and Feed Efficiency Ratio (FER) in Diabetic Rats  

 

Means ± SD with different superscript letters in the same column are significant  
at P < 0.05 using one way ANOVA test. n=7 rats  

Table.2 Effect of Diets Fortified with Nigella Sativa (NS) and Sesame Seeds (SS) on  
Serum Tumor Necrosis Factor Alpha (TNF- ) Interleukins IL-4 and IL-8 in Diabetic Rats               

Means ± SD with different superscript letters in the same column are significant  
at P < 0.05 using one way ANOVA test. n=7 rats  
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Table.3 Effect of Diets Fortified with Nigella Sativa (NS) and Sesame Seeds (SS) on 
Differential Leukocyte Count in Diabetic Rats  

   

Table.4 Effect of Diets Fortified with Nigella Sativa (NS) and Sesame Seeds (SS) on  
Blood Glucose (BG) and Insulin Hormone Levels in Diabetic Rats                    

Means ± SD with different superscript letters in the same column are significant  
at P < 0.05 using one way ANOVA test. n=7 rats   
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Table.5 Effect of Diets Fortified with Nigella Sativa (NS) and Sesame Seeds (SS) on  
Serum Total Cholesterol (TC) and Triglycerides (TG) Levels in Diabetic Rats                    

Means ± SD with different superscript letters in the same column are significant  
at P < 0.05 using one way ANOVA test. n=7 rats   

Table.6 Effect of Diets Fortified with Nigella Sativa (NS) and Sesame Seeds (SS) on  
Blood Urea Nitrogen (BUN), Uric Acid (UA) and Creatinine (Cr.) in Diabetic Rats                  

Means ± SD with different superscript letters in the same column are significant  
at P < 0.05 using one way ANOVA test. n=7 rats  
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Table.7 Effect of Diets Supplemented with Nigella Sativa (NS) and Sesame Seeds (SS) on 
Activity of Renal Antioxidant Enzymes Superoxide Dismutase (SOD), Glutathione Peroxidase 

(GPx), and Catalase (CAT) in Diabetic Rats                

Means ± SD with different letters superscripts (a, b, c, d) in the same column are  
significant at P < 0.05 using one way ANOVA test.  Unit of GPx = nmol of GSH utilized/min/mg 
protein. Unit of CAT = nmol of H2O2 utilized/min/mg protein. n= 7 rats  

Results of the present study showed that 
diets fortified with Nigella sativa, Sesame 
seeds and their combination increased body 
weight gain and improved feed efficiency 
ratio in diabetic rats. These finding were in 
agreement with those reported by Abdel-
Salam (2012) and Alimohammadi et al., 
(2013) for Nigella sativa and by Oyinloye et 
al., (2014) for Sesame seeds.   

A Previous study showed that the elevated 
glucose concentrations significantly affected 
production of cytokines (Reinhold et al., 
1994). In accordance, the results presented 
herein showed changes in the level of the 
pro-inflammatory cytokine, TNF- , the anti-
inflammatory cytokine, IL-4, and the 
chemoattractant cytokine, IL-8, between the 
diabetic group and the other groups. The 
changes in the TNF- level could be due to 
the changes in insulin secretion, where 
insulin modulates the development of the 
inflammatory reaction to allergen challenge 
by its ability to modulate the 
production/release of TNF- . (Martins et al., 

2010; and Abdel-Salam, 2012). The later 
author reported that black seeds produced an 
immunomodulatory effect in alloxan- 
diabetic albino rats. In gamma-irradiated 
rats, Assayed (2010) found that Nigella 
sativa produced radio-protective and 
immunostimulant effects. Leukocytes 
proliferation results suggested that alloxan-
diabetic rats had an increase in granulocytes 
and monocytes, and a decrease in 
lymphocytes proliferation. On the other 
hand, the diabetic rats treated with Nigella 
sativa and Sesame seeds showed 
modulations in these changes.   

The present results revealed that diet 
supplemented with Nigella sativa and 
Sesame seeds significantly increased serum 
insulin and decreased blood glucose levels 
in diabetic rats. These antidiabetic and 
hypoglycemic effects of Nigella sativa and 
Sesame seeds agreed with the previous 
reports by Alimohammadi, et al., (2013) for 
Nigella sativa and by Wikul et al., (2012) 
for Sesame seeds.  
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Feeding diet supplemented with Nigella 
sativa and Sesame seeds produced 
hypocholesterolemic and hypolipidemic 
activities. These results were in agreement 
with those reported by Ibrahim et al., (2014) 
for Nigella sativa and by Biswas et al., 
(2010) for Sesame seeds.   

The present results showed that Nigella 
sativa and Sesame seeds feeding to diabetic 
rats produced nephroprotective and renal 
tissue antioxidant effects. These effects were 
previously reported for Nigella sativa 
(Dollah et al., 2013 and Erboga et al., 2015) 
and for Sesame seeds (Oyinloye et al., 
2014).   

In conclusion, the results denote that diet 
supplementation with Nigella sativa and 
Sesame seeds and their combination exhibits 
good immunostimulant, hypoglycemic. 
Hypolipidemic, nephroprotective and 
antioxidant activities in alloxan 

 

diabetic 
rats. The study recommends that intake of 
baked foods and sweets supplemented with 
both Nigella sativa and Sesame seeds may 
be beneficial for patient with type 2 diabetes 
mellitus. In addition, isolation of bioactive 
constituents from Nigella sativa and Sesame 
seeds is necessary to search for safe and 
bioactive natural substances to be used for 
therapy of diabetes mellitus.  
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