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Objective: Diabetes is a common disease and its prevalence rate is
rapidly increasing. Aim of present study was to review the
hypoglycemic effects of Nigella sativa (N.sativa) extract and
endurance training in streptozotocin induced diabetic rats.
Materials and Methods: In this experimental research from 50
streptozotocine induced diabetic rats, 32 rats with more than 300
mg/dL fasting blood glucose (FBS) selected and divided into four
groups of 8 rats (1) endurance training, (2) N.sativa extract, (3)
N.sativa extract with endurance training, and (4) control. Groups 1
and 3 trained endurance exercise 4 weeks, 5 sessions per week. Two
and 3 groups received 4 weeks intraperitoneal 100 mg/kg N.sativa
extract daily. For statistical analysis of data used Kolmogorov–
Smirnov test, one way ANOVA and tukey post hoc tests. P-value
≤0.05 was considered as significant.
Results: Four weeks endurance training, N.sativa extract and
N.sativa extract with endurance trainings have significant effect on
reduction of FBS, insulin resistance and HbA1c of diabetic rats (Pvalue≤0.05).
Conclusion: Four weeks N.sativa extract and endurance training
have hypoglycemic effects in diabetic rats but they have no
interactional effects.
Keywords: Nigella Sativa, Hypoglycemic, Endurance Training

Introduction

D

iabetes is a common disease and its
prevalence rate is rapidly increasing
(1). Diabetes is a chronic disease due
to lack of insulin or reduced insulin function,
which causes increased blood glucose levels
and metabolic disorders (2). Increased levels
of glucose over time have adverse effects on
small and large vessels. Therefore, control of
blood glucose levels of diabetic patients at the
appropriate level can be a valuable role in
diabetes induced mortality. The aim of all anti-

diabetic treatments is to improve the control of
blood glucose levels and maintain the health
and reduce the potential complications of
diabetes (3). Though, at present original and
effective treatment for diabetes mellitus is
using insulin and blood glucose-lowering
agents, However these agents have undesirable
effects, such as increased fat reserves, atrophy
of adipose tissue at the injection site and
hypoglycemia shocks and in long-term do not
have effect on debilitating side effects of
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diabetes. The cardiovascular risks due to
elevated blood glucose, lipids and lipid
disorders should be diagnosed and treated
quickly as part of a comprehensive treatment
of diabetes.3 Several treatment modalities such
as the use of herbal and synthetic drugs or
change of lifestyle to treat or control of this
disease is recommended to patients (4). During
the recent decades in many countries the use
of alternative therapies, especially herbal
therapy and dietary supplements to improve a
variety of diseases such as high blood lipid
and glucose, has increased. One of the most
important problems facing physicians as well
as consumers of medicinal plants is lack of
sufficient information regarding drug safety
and its effect on the disease. Medicinal plants
and their use have been considered in the
treatment of diabetes and its complications (5).
Due to the effectiveness of herbal medicine in
the scientific community and its acceptance in
most societies, the herbal medication is
growing (1). The role of medicinal plants, with
blood glucose lowering properties cannot be
ignored in treatment of diabetes. N.sativa is
one year old plants of the buttercup family.
The Components of N.sativa can be pointed:
1) omega-6, 2) omega-3, 3) protein, 4)
vitamins, 5) riboflavin, 6) niacin, 7) calcium,
8) iron, 9) copper, 10) zinc (5). N.sativa as a
medicinal plant have beneficial effects on
improve lipid profile and glycemic index,
which has been confirmed in several studies
(6-19). On the other hand regular physical
activity is an important part of weight loss
programs (like diet control, use of medication
or injection of insulin) which can cause more
glucose uptake by active muscles (20). Lack of
participation in physical activity and regular
exercise can involve in increase insulin
resistance either directly or through weight
gain. Therefore, with increasing physical
activity, it is possible that metabolic syndrome
related with insulin resistance in diabetic
patients improve. It seems that in order to
maximize reduce risk of diabetes in people
with high risk, such as obese people, those
with positive family history of diabetes and
26

impaired glucose need for an appropriate level
of physical activity and sport (1). Physical
activity can lead to an increase in glucose
uptake by active muscles. Glucose uptake in
skeletal muscle during rest occurs with insulin
stimulation which is impaired in diabetic
patient, whereas muscle contraction through
multiple distinct mechanisms and insulin
sensitivity stimulates glucose transport (3). In
fact, moderate intensity aerobic endurance
exercise temporarily improve insulin and
glucose uptake by skeletal muscle. Physical
activity can respond skeletal muscle to insulin
by increasing the expression or activity of
proteins involved in metabolism and insulin
signaling, so that aerobic endurance activities
will increase the activity of glycogen synthase
and increases the expression of GLUT4
transporters (2). According to these issues the
goal of therapy in diabetic patients is to reach
and maintain blood glucose, lipids and blood
pressure to optimal levels (to prevent or delay
chronic complications associated with diabetes
and to improve the quality of life in these
patients) in this regard, improve nutritional
patterns and physical activity is recommended
for diabetic people. So the aim of this study
was to measure the effects of N.sativa extract
and endurance training on improve glycemic
indexes of diabetic rats.

Materials and Methods
In this experimental study, 50 adult male
sprague dawley rats has been bought from
animal breeding center of Islamic Azad
University, Fars Science and Research Branch
and kept in animal house of sport physiology
for passes the eight-day period of adaptation
(room temperature 22 ± 2 °C and 12 hours
cycle of light and darkness). During this
period of the time animals were free to access
food and water. Then after induction of
diabetes by 60 mg/kg streptozotocin
(manufactured by Sigma), 32 diabetic rats with
blood glucose more than 300 mg/dl selected as
sample. The experimental intervention
including training program and the
consumption of N.sativa, started one week
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after induction of diabetes. The study sample
divided into four groups of 8 rats including (1)
endurance training, (2) N.sativa, (3) endurance
training with N.sativa and (4) control. Groups
1 and 3 performed endurance trainings four
weeks and five sessions per week. Also groups
2 and 3 receive 100 mg/kg N.sativa extract
intraperitoneal four weeks. At the end of four
weeks after 12 hours overnight fasting, blood
samples gathered. All ethical and legal aspects
of this study reviewed and approved by
Islamic Azad University, Fars Science and
Research Branch. Method of N.sativa
extraction was performed based on civilization
et al study (2014) (21). For performed
endurance training protocol, at first for
familiar rats with endurance training, the
animals ran on treadmill with speed of 8
meters per minute with zero slop for 10
minutes. At the end of the treadmill, a very
weak electric shock was done to continue
running forward. For prevent possible injury
by electric shock, animals were conditioned by
relatively poor sound or by touching their tail.
Endurance training protocol consist four
weeks running on treadmill without inclination
(slope of zero), five sessions per week and 60
minutes per session with speed of 8 to 16
meters per minute. To warm the animals in
training sessions, after placing the animals on
the treadmill, the animals ran for 10 minutes at
a speed of 8 meters per minute, and then
training program was implemented. At the end
of training sessions, in order to cool down the
device, speed completely reverse to reduce the
speed to zero. This program lasted about 5-7
minutes.
For statistical analysis of data used
Kolmogorov–Smirnov test, one way ANOVA
and tukey post hoc tests. P-value ≤0.05 was

considered as significant.

Results
Glycemic indexes of all groups reported in
table 1. The results of one way ANOVA test
showed that there is significant difference in
levels of fasting glucose (F=36.41, p-value:
0.001), HbA1C (F=17.07, P-value<0.001) and
insulin resistance (F=8.00, P-value<0.001) of
study groups, nevertheless there is no
significant difference in insulin levels of study
groups (F=0.34, P=0.79). The results of tukey
post hoc test showed that four weeks
endurance training, nigella sativa consumption
and nigella sativa consumption with endurance
training have significant effect on lowering
fasting glucose, insulin resistance and HbA1C
of diabetic rats (P-value<0.005).

Discussion
Chronic hyperglycemia associated with stress
causes
oxidative
disorders
such
as
nephropathy, neuropathy and cardiovascular
diseases (22-23). Since the certain cure of
diabetes is not possible, but diabetes can be
controlled (24). The results of present study
showed that four weeks N.sativa consumption
caused hypoglycemic effects (significant
reduction in fasting glucose, insulin resistance,
and HbA1c) on streptozotocin induced
diabetic rats. From N.sativa volatile oil
substances such as thymol, thymoquinone and
dithymoquinone obtained, which cause the
main pharmacological effects of N.sativa.
Anti-inflammatory, antioxidant and antihistamine properties of N.sativa oil has various
pharmacological effects such as reduction of
inflammatory cytokines, reducing glucose,
lipid and blood pressure (9). N.sativa also has
anti-inflammatory and antioxidant properties

Table 1. Levels of fasting glucose, insulin, insulin resistance and HbA1c of research groups
Variable
Groups
Control
Endurance training
N.sativa
N.sativa with endurance training

Fasting glucose
Mean ± SD
398.37±16.28
285.87±22.78 ⃰
304.50±37.68 ⃰
290.87±15.97 ⃰

Insulin
Mean ± SD
6.64±1.03
6.50±1.01
6.63±0.80
6.96±0.90

Insulin resistance (HOMA-IR)
Mean ± SD
6.53±1.11
4.59±0.80 ⃰
4.96±0.74 ¥
5.00±0.73 ♀

HbA1c
Mean ± SD
9.49±.86
6.70±1.04 ⃰
7.61±0.80 ⃰
6.93±0.71 ⃰

A significant difference with the control group P=0.001
¥ A significant difference with the control group P=0.006
♀ A significant difference with the control group P=0.007
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can improve insulin secretion (to maintain the
pancreatic beta cells) and reduced insulin
resistance which results in control of blood
glucose and diabetes (9). In order to results of
this study, anti-diabetic and hypoglycemic
effects of N.sativa so can use it for control of
diabetes (8-19). It should be noted that the
hypoglycemic effects of N.sativa seems to be
dose-dependent such that significant effects
were seen at higher doses (6). Many studies
have confirmed the results of present study
and are favorable with this study. For example,
two weeks daily consumption of 100 mg/kg
N.sativa decrease the glucose levels, LDL,
VLDL and TG of alloxan induced diabetic
rabbits (7); adding 5% N.sativa oil to the diets
of streptozotocin induced diabetic rats resulted
a significant reduction in glucose levels, LDL,
VLDL and TG (8). A review article showed
that consumption of N.sativa can lead to
improve insulin resistance, blood glucose,
HbA1c, hepatic gluconeogenesis, intestinal
absorption and increase insulin production (9).
Daily consumption of 2-3grams N.sativa for
12 weeks, significantly reduced FBS, HbA1c
and insulin resistance and significantly
increased pancreatic beta cell function and
insulin production in diabetic patients,
however, 1gram N.sativa consumption had no
significant effect on noted variables (3);
Regard to findings of reported studies
hypoglycemic effects of N.sativa are depend
on primary levels, dose and time of
consumption. In order to confirm these
findings 30 days daily consumption of 50
mg/kg Thymoquinone significantly reduced
serum glucose, HbA1c and hepatic
gluconeogenesis(11), 400 mg/kg N.sativa
extract consumption significantly reduced
hepatic glucose and serum glucose (6); daily
consumption of 2 mg/kg N.sativa for 6 weeks
improved glucose tolerance, inhibition of
intestinal glucose absorption and weight loss
(12); 4 months consumption of N.sativa
increased phosphorylation of AMP-activated
protein kinase (AMPK) and the content of
GLUT4 in rats (13); one year consumption of
N.sativa significantly reduced fasting glucose
28

and HbA1c of 56 type 2 diabetic patients (14),
12 weeks daily consumption of 3grams
N.sativa oil (in three separate servings)
significantly decreased fasting glucose and
HbA1c of 30- 60 years old type 2 diabetic
patients (15); 5 mg/kg N.sativa extract
consumption for 32 days significantly reduced
fasting glucose in streptozotocin induced
diabetic rats (16); 6 weeks consumption of
100, 200 and 400 mg/dl N.sativa significantly
reduced fasting glucose in diabetic rats (17);
daily intake of 2.5 ml N.sativa oil in two meals
for 8 weeks significantly reduced FBS and
HbA1c of healthy men with cholesterol levels
between 200 to 300 mg/dl (18); 2 months
consumption of 500 mg N.sativa capsules
significant decreased HbA1c, FBS in men and
women with metabolic syndrome (19); and
mixed powder of N.sativa plant with standard
food of rats (6.25%) for 2 months significantly
reduced serum glucose levels of diabetic rats
(5). Regarding the hypoglycemic effect of
N.sativa it can be say that N.sativa with
different ways can lead to improved insulin
resistance and reduced serum glucose. N.sativa
by regulation of liver enzymes regulates
glucose metabolism and thereby reduces
hepatic gluconeogenesis (9). For example,
hexokinase activity increases in the liver. It
also inhibits the glucose-6-phosphatase
activity and fructose1 6 phosphatase which
involved in gluconeogenesis. Moreover,
N.sativa
increases
glucose-6-phosphate
dehydrogenase enzyme activity in the pentose
phosphate pathway inside the cell. N.sativa
enzyme activates adenosine monophosphate
protein kinase (AMPK) as well. Activation of
AMPK inhibits gluconeogenesis and reduces
hepatic glucose production. AMPK inside
muscles increase synthesis and translocation
translation of GLUT4 and the subsequent
increased glucose uptake by muscle (9).
According to mentioned studies N.sativa by
increasing AMPK and GLUT4, improve FBS
levels of streptozotocin induced diabetic rats.
An adaptive response to exercise in insulin
resistance is improvement of glucose tolerance
and insulin sensitivity by glucose transport in
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skeletal
muscle.
This
improvement
(improvement in insulin action) caused by
physical exercise and up regulation of specific
components of glucose transport system in
muscles resistant to insulin and it includes
insulin receptor substrate and over expression
of GLUT4 (26). Therefore, exercise can be
one way of appropriate treatment in diabetic
patients. The results of present study showed
that 4 weeks, 5 sessions per week for 60
minutes running on treadmill with speed of 816 meters per minute caused hypoglycemic
effects (significantly reduced fasting glucose,
insulin
resistance,
and
HbA1c)
in
streptozotocin induced diabetic rats. Most
studies confirmed hypoglycemic effects of
exercise in diabetic patients and diabetic rats
(1,3,27-29). For example, it was reported that
6 months physical activity significantly
reduced insulin resistance and fasting glucose
levels in type 2 diabetic patients (27); 60
minutes running on treadmill with speed of 20
meters per minute, 5 sessions per week for 4
weeks significantly reduced fasting glucose,
insulin, insulin resistance and HbA1c in
diabetic rats (28); 45 minutes of exercise at
85- 90, 90- 95 and 95- 100 percent of an
aerobic threshold in water and land for three
times, significantly reduced fasting glucose of
type 2 diabetic patients (29); 6 weeks, 5
sessions per week running on treadmill for 60
minutes per session has hypoglycemic effects
in diabetic rats (3) as well as 6 weeks
endurance training has hypoglycemic effects
in sprague dawley diabetic rats (1). However,
few studies have failed to show the effect of
exercise on improvement of glycemic control
in diabetic patients (30-33). For example 11.8
km running on treadmill for 12 weeks hadn’t
significant effect on fasting glucose and
insulin levels of diabetic rats (30), 60 minutes
pedaling on ergometer bicycle at 60% Vo2max,
3 sessions per week for 12 weeks hadn’t

significant effect on serum glucose level and
insulin of type 2 diabetic patients (31); 45
minutes walking, 3 sessions per week during 4
months, did not changes serum insulin levels,
glucose and HbA1c of elderly type 2 diabetic
patients (32) also 7 days aerobic exercise with
60 to 70 percent of HRR did not reduce fasting
glucose and insulin of elderly men with
impaired glucose tolerance (33). From
possible mechanisms of endurance training
which in present study induced reduction in
fasting glucose levels and insulin, it can be
noted that physical trainings through
increasing the activity of glycogen synthase,
increased oxidative and glycolytic enzyme
activity and GLUT4 lead to improved insulin
action in skeletal muscle. Also increase in
activity of adenosine mono-phosphate kinase
exercise induced leads to an increase in
glucose transports (GLUT4s) in muscle cells
so reduced circulation glucose levels with
increasing glucose uptake by muscular cells
(2).

Conclusions
In addition to these findings, results of present
study showed that four weeks endurance
training
with
N.sativa
extract
has
hypoglycemic effects in diabetic rats but they
have no hypoglycemic interaction effects.
Since endurance training and N.sativa extract
with the same mechanism (effect on GLUT4)
lead to reduce glucose levels, likely endurance
training with low dose of N.sativa don’t have
interaction effects on glycemic indexes.
Regard to results of present study, four weeks
100 mg/kg N.sativa consumption, endurance
training and endurance training with N.sativa
have hypoglycemic effects in diabetic rats but
their combination did not have hypoglycemic
interaction effects.
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