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INTRODUCTION
Diabetes mellitus is a chronic metabolic disorder, 
which affects many people throughout the world.1 
This disorder is characterized by hyperglycemia, 
insufficient endogenous insulin secretion or 
function, as well as resistance to insulin in target 
organs.2,3 The main clinical and diagnostic sign of 
diabetes, is hyperglycemia, which is considered 
as the major cause of mortality and morbidity in 
diabetic patients.4,5 Therefore, the main cause of 
diabetes treatment is the control of hyperglycemia.6 

Because synthetic anti-hyperglycemic drugs have 
multiple side effects, the consideration on the 
use of complementary and alternative medicine, 
especially medicinal plants is increasing.6 Senjed 
(Elaeagnus Angustifolia L.) is the one of useful 
medicinal plants, which is widely used for treatment 
of different diseases.7 All parts of senjed including 
flower, fruit, bark and leaves have different 
pharmacological and biological effects.8 Senjed 
leaves contains most useful constituents such as 
flavonoids, alkaloids, steroids, terpenoids, as well as 
beta-sitosterol.9 It has been shown that flavonoids 
and phenolic compounds of senjed leaves are 
greater than its flower, especially in methanolic and 
ethanolic extracts.10 

Studies have been shown that senjed fruit 
polysaccharide could decrease the blood glucose 
and lipids in diabetic rats.11 In addition, there are 
some reports from in-vitro study, which are shown 
that senjed leaves methanolic extract (ME) could 

inhibit the alpha-glucosidase and alpha-amylase 
enzymes activity. Thus, it may be potentially useful 
for treatment of diabetes, especially hyperglycemia.12 
However, despite the presence of beneficial and 
significant constituents in senjed leaves, there is 
not any evidence of an in-vivo study on its anti-
hyperglycemic property. Therefore, this study 
investigates the effect of EALE on blood glucose level 
of diabetic rats. 

MATERIALS AND METHODS

Plant material and extraction
Fresh senjed leaves were collected from Khume 
Hendo, Logar province of Afghanistan. The leaves 
were dried and grinded. 100 g of its powder were 
macerated in 80% aqueous methanol (AM) for 72 
hours in ambient temperature. The mixture was then 
filtered and evaporated in a vacuum rotary (Vargha 
Tajhiz, Iran).13 

Animals

Sixty-six adult Sprague-Dawley male rats weighing 
between 180 and 220 g, randomly selected from 
KNURTC, were housed in Plexy-glass cages with free 
access to food and water. Animals were kept under 
stable room temperature (23±2°C) and a 12 hours 
light/dark cycle (the light period started at 7 a.m.). 
The experimental protocol approved by the ethic 
research board of Khatam Al-Nabieen University 
and were conducted following the ethical guidelines 
set by the 8th edition of National Institute of Health 
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(NIH) guide for the care and use of laboratory animals. Rats were 
carefully handled to minimize unwanted stress during housing and 
experiments.

Induction of diabetes
The experimental diabetes was induced by a single intraperitoneal (i.p.) 
administration of streptozotocin (STZ) (Sigma-Aldrich, USA), at a 
dose of 55 mg/kg after 8 hours fasting. The STZ was dissolved in 0.1 M 
sodium citrate buffer (pH: 4.5). 72 hours later, diabetes was confirmed 
by determining the blood glucose level. The rats with 200 mg/dl blood 
glucose level were only considered for the experiment. 

Experimental groups
Rats were randomly divided into 6 groups (n=6): (1) Normal group, 
non-diabetic rats were received normal saline orally for 15 days; (2) 
Diabetic group (as negative control group), diabetic rats were received 
normal saline orally for 15 days; (3) Metformin group (as positive 
control group), diabetic rats were received 500 mg metformin14 (Merck, 
Germany) orally for 15 days; (4-6) EALE 200, 400 and 800 mg/kg 
(Treatment groups), diabetic rats were received EALE orally for 15 days.

Procedures
For evaluation of single oral administration effect, on day 1 (First day 
after confirmation of diabetes induction), normal saline, metformin 
or EALE was administered to rats and their blood glucose level was 
measured during 6 hours (0, 1, 2, 4 and 6 hours). For evaluation of 
repeated oral administration effect, normal saline, metformin or EALE 
were administered once daily for 15 days and blood glucose level was 
measured on 0, 2, 4, 7 and 15 days.15 After 15 days treatment, rats were 
fasted and their fasting blood glucose was measured. For evaluation of 
OGTT, a glucose solution (2 g/kg) was orally administrated to rats and 
their blood glucose level was measured on 30, 60 and 120 min after 
glucose load.16 All experiments were performed after 8 hours fasting 
and blood glucose level was measured by blood withdrawn from the tail 
of rats using strips and glucometer (On call plus, Acon, USA). The body 
weight of all rats was determined on 0, 2, 4, 7 and 15 days and changes 
in body weight were calculated.

Statistical analysis
The statistical analysis was done with Graph pad prism (6.07) 
software. The blood glucose level and body weight were analyzed by 
Two-way ANOVA, followed by Dunnets test multiple comparisons. 
Difference between body weight of different groups was analyzed by 
non-parametric Kruskal Wallis test. The difference amongst means 
was considered statistically significant if the P<0.05. The results are 
expressed as mean ± SEM.

RESULTS

Effect of single oral administration of EALE on blood 
glucose level
The blood glucose level of all groups was evaluated on 0, 1, 2, 4 and 6 
hours after single oral administration. There was a significant difference 
in blood glucose level between normal and diabetic groups on 0, 1, 2, 
4 and 6 hours. In addition, the blood glucose level of all EALE-treated 
groups (200, 400 and 800 mg/kg), and also metformin group was 
significantly decreased on 1, 2, 4 and 6 hours, as compared with diabetic 
group (Table 1). 

Effect of repeated oral administration of EALE on blood 
glucose level

The blood glucose level of all groups was evaluated on 0, 2, 4, 7 and 
15 days during repeated oral administration. There was a significant 
difference in blood glucose level between normal and diabetic groups 
on 0, 2, 4, 7 and 15 days. In addition, the blood glucose level of 
metformin group was significantly decreased on 2, 4, 7 and 15 days, as 
compared with diabetic group. Also, there was a significant difference 
in blood glucose level between all EALE-treated groups (200, 400 and 
800 mg/kg) and diabetic group on day 15. The blood glucose level of 
EALE 800 mg/kg group was also significantly decreased on day 4 and 7 
as compared with diabetic group (Table 2).

Effect of EALE on OGTT

The blood glucose level of all groups was evaluated on 30, 60 and 120 
min after oral glucose load. There was a significant difference in blood 
glucose level between normal and diabetic groups on 0, 30, 60 and 
120 min. In addition, the blood glucose level of metformin group was 
significantly decreased on 0, 30, 60 and 120 min, as compared with 
diabetic group. Also, there was a significant difference in blood glucose 
level between EALE 800 mg/kg and diabetic groups on 0, 30, 60 and 120 
min. The blood glucose level of EALE 200 and 400 mg/kg group was 
also significantly decreased on 0 and 30 min as compared with diabetic 
group (Table 3).

Effect of EALE on body weight

The body weight of all groups was evaluated on 0, 2, 4, 7 and 15 days. 
There was a significant difference in body weight between normal and 
diabetic groups on 2, 4, 7 and 15 days. In addition, the metformin and 
EALE 800 mg/kg groups was significantly showed weight gain after 
treatment. Also, there was a significant difference in body weight of 
metformin and all EALE-treated groups on day 15 (Table 4).

Groups Blood glucose level (mg/dl)
  0 Hour 1 Hour 2 Hour 4 Hour 6 Hour

Normal 78.00 ± 1.98**** 77.17 ± 3.24**** 80.50 ± 6.11**** 84.17 ± 3.54**** 80.67 ± 1.89****

Diabetic 579.00 ± 15.64 573.50 ± 15.16 505.17 ± 28.11 507.83 ± 18.78 423.50 ± 27.125
Metformin 552.17 ± 30.48 369.50 ± 25.42**** 181.17 ± 16.34**** 130.67 ± 22.71**** 111.67 ± 16.36****

EALE (200 mg/kg) 513.67 ± 18.80 476.50 ± 26.57** 357.17 ± 32.89**** 332.17 ± 26.43**** 315.50 ± 27.19***

EALE (400 mg/kg) 510.00 ± 35.10 375.33 ± 19.86**** 326.67 ± 19.10**** 317.67 ± 20.91**** 297.00 ± 11.16****

EALE (800 mg/kg) 518.83 ± 7.43 367.67 ± 10.10**** 334.17 ± 6.29**** 292.33 ± 6.94**** 290.00 ± 9.66****

Table 1: Effect of single oral administration of EALE on blood glucose level.

Data are shown as Mean ± SEM. EALE: Elaeagnus angustifolia leaves extract. **: P<0.01, ***: P<0.001, ****: P<0.0001 as compared with diabetic group.
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Groups Blood glucose level (mg/dl)
  0 Day 2 Day 4 Day 7 Day 15 Day

Normal 65.50 ± 2.47**** 67.50 ± 1.59**** 71.17 ± 3.97**** 76.33 ± 4.42**** 76.00 ± 1.93****

Diabetic 408.17 ± 31.71 377.00 ± 22.63 375.33 ± 26.19 372.17 ± 30.34 446.50 ± 29.10
Metformin 396.33 ± 14.34 92.00 ± 2.92**** 71.00 ± 6.55**** 79.00 ± 6.01**** 159.33 ± 15.07****

EALE (200 mg/kg) 379.50 ± 12.63 325.17 ± 25.33 350.17 ± 16.38 312.33 ± 23.65 329.17 ± 19.05***

EALE (400 mg/kg) 381.33 ± 11.57 323.17 ± 19.79 333.33 ± 19.29 313.67 ± 15.97 341.00 ± 33.12**

EALE (800 mg/kg) 422.17 ± 22.82 354.83 ± 37.79 303.83 ± 24.98* 270.00 ± 10.97** 354.00 ± 13.06**

Table 2: Effect of repeated oral administration of EALE on blood glucose level.

Data are shown as Mean ± SEM. EALE: Elaeagnus angustifolia leaves extract. *: P<0.05, **: P<0.01, ***: P<0.001, ****: P<0.0001 as compared with 
diabetic group.

Groups Blood glucose level (mg/dl)
  0 Min 30 Min 60 Min 120 Min

Normal 76.00 ± 1.93**** 83.67 ± 3.33**** 90.83 ± 4.24**** 81.00 ± 4.07****

Diabetic 446.50 ± 29.54 503.33 ± 34.55 420.33 ± 27.60 404.17 ± 25.98
Metformin 159.33 ± 15.07**** 254.17 ± 13.13**** 280.33 ± 16.64*** 266.00 ± 27.19***

EALE (200 mg/kg) 329.17 ± 19.05** 421.83 ± 33.64* 346.67 ± 21.59 333.00 ± 21.35
EALE (400 mg/kg) 337.00 ± 34.35** 398.00 ± 35.73** 353.67 ± 13.73 287.50 ± 16.84**

EALE (800 mg/kg) 354.00 ± 13.06* 401.33 ± 21.72** 338.50 ± 17.65* 260.50 ± 26.23****

Table 3: Effect of EALE on OGTT.

Data are shown as Mean ± SEM. EALE: Elaeagnus angustifolia leaves extract. *: P<0.05, **: P<0.01, ***: P<0.001, ****: P<0.0001 as compared with 
diabetic group.

Groups Body weight (g) Weight gain/lost

  0 Day 2 Day 4 Day 7 Day 15 Day 0-15 Day

Normal 186.33 ± 2.55 193.33 ± 2.50**  195.50 ± 2.58**  200.67 ± 2.91****  205.83 ± 2.63****   19.50 ± 1.26****

Diabetic 178.67 ± 1.93 175.00 ± 1.97  174.00 ± 2.76  167.67 ± 2.01   141.50 ± 5.23**** -37.17 ± 4.63 

Metformin 179.33 ± 1.54 178.17 ± 3.34  176.33 ± 4.44   179.00 ± 2.95  188.67 ± 1.93**** 9.33 ± 2.27**

EALE (200 mg/kg) 177.33 ± 4.52 174.33 ± 3.64 173.50 ± 4.61   169.50 ± 5.60 172.83 ± 6.05**** -4.5 ± 3.51

EALE (400 mg/kg) 176.50 ± 4.01 168.83 ± 1.25  171.50 ± 3.09   150.83 ± 8.06  169.33 ± 6.23****  -7.17 ± 6.29

EALE (800 mg/kg) 177.67 ± 3.82 177.67 ± 3.82  178.83 ± 5.79 172.50 ± 3.74  177.33 ± 4.52****  -0.33 ± 1.67*

Table 4: Effect of EALE on body weight.

Data are shown as Mean ± SEM. EALE: Elaeagnus angustifolia leaves extract. *: P<0.05, **: P<0.01, ****: P<0.0001 as compared with diabetic group.

DISCUSSION
In this study, the effect of Afghan EALE on blood glucose level of 
STZ-induced diabetic rats was evaluated. STZ is a cytotoxic analogue 
of glucose which is used for induction of type 1 and 2 diabetes in 
animals. Administration of this cytotoxic compound is leads to DNA 
destruction, production of free radicals and destruction of pancreatic 
beta cells. As a result, reduction in insulin secretion, hyperglycemia and 
body weight loss develops.17,18 

Similarly, this study indicated that single dose administration of STZ 
could increase the blood glucose level and body weight loss in diabetic 
rats. Thus, one can conclude that administration of STZ in this study 
developed experimental model of diabetes.

According to obtained data in this study, single oral administration of 
EALE in all doses could significantly decrease the blood glucose level 
in diabetic rats. However, the effect of repeated oral administration of 
EALE was different in a dose-dependent manner. Only high dose (800 
mg/kg) of EALE could significantly decrease the blood glucose level on 
different days (4, 7 and 15). Whereas, low doses (200 and 400 mg/kg) of 
EALE were effective on blood glucose level only on day 15. In addition, 
the body weight was increased in all EALE-treated groups on day 15, 
but only 800 mg/kg dose of EALE could significantly compensate the 
body weight loss in diabetic rats. Therefore, single oral administration 
of both low and high doses of EALE can decrease the blood glucose 

level acutely. Besides, the long-term repeated oral administration of 
EALE is effective on blood glucose level, even in low doses. Whereas, 
its high dose repeated oral administration can significantly decrease the 
blood glucose level of diabetic rats, even in short-term administration 
period.

Similarly, a previous in-vitro study has been shown that ME of senjed 
leaves can significantly inhibit the alpha-glucosidase and alpha-amylase 
enzymes. The alpha-glucosidase inhibitory property of senjed leaves 
extract was much greater. They concluded that those properties are 
resulted from the presence of benzoic compounds (especially vanillic 
acid and 4-hydroxy benzoic acid) in senjed leaves extract, because 
phenolic acids are moderate inhibitors of alpha-amylase and potent 
inhibitors of alpha-glucosidase enzymes.12 Alpha-glucosidase inhibitor 
drugs or plants causes delayed absorption of carbohydrates into blood. 
As a result, they can decrease the blood glucose level.19,20 Therefore, 
the anti-hyperglycemic effects of EALE can be explained by its alpha-
glucosidase inhibitory property. 

Besides, the EALE in this study, especially in high doses, could improve 
glucose tolerance in diabetic rats. The effect of EALE high dose on 
OGTT was greater than metformin. Metformin is a biguanide which 
has insulin sensitizing effect and potent hypoglycemic property.14 As 
OGTT is a test for evaluation of insulin release and sensitivity,21 one 
can conclude that EALE can increase the insulin release and decrease 
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the insulin resistance. So, it may be considered as an effective anti-
hyperglycemic drug, with low side effects. 

In addition to presence of benzoic compounds such as vanillic acid 
in EALE,12 there is some reports which are shown that senjed leaves 
contain flavonoids, alkaloids, steroids, terpenoids, as well as beta-
sitosterol.9 Previous studies shown that vanillic acid could decrease 
the insulin resistance and the hyperglycemia effectively.22,23 Also, there 
are some reports which are indicate that the most of flavonoids have 
potent alpha-glucosidase inhibitory property and anti-hyperglycemic 
effect, as well as improving glucose tolerance.19,24 In addition, beta-
sitosterol can decrease the intestinal absorption of glucose, activate the 
insulin receptors and increase the blood insulin level by regeneration 
of pancreatic beta cells. This compound also has anti-oxidant property 
and can destroy the reactive oxygen species. Beta-sitosterol also can 
increase the GLUT4 level in cytosol and plasma membrane of fat tissues 
in diabetic rats. All of these lead to a decrease in blood glucose level.25,26 
Therefore, the anti-hyperglycemic effects and improvement of glucose 
tolerance may have resulted from the presence of flavonoids, beta-
sitosterol and benzoic compounds, as well as insulin-enhancing effects 
and alpha-glucosidase inhibitory property. 

CONCLUSION
In summary, one can conclude that EALE has anti-hyperglycemic 
property and can improve glucose tolerance. Thus, it may be considered 
as an effective anti-hyperglycemic drug, with low side effects. 
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