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Abstract : The aim of the present study was to evaluate the effects of walnut oil, septum and
leaves aqueous extract on blood glucose in diabetic Wistar male rats induced by alloxan.
Diabetes animals were induced by alloxan (75 mg/kg of body weight). Rats were randomly
divided into 5 groups (n=5), including normal control, diabetic control, diabetic-walnut oil,
diabetic-walnut septum, diabetic -walnut leaves aqueous extract , and were examined for 2
weeks. Blood glucose level was measured in all groups. Blood glucose significantly increased
in experimental groups in comparison with normal control groups (p<0.05) after alloxan
injection. Blood glucose level significantly decreased in diabetic control groups (p<0.05) with
walnut oil, septum and leaves aqueous extract. It should be noted that consuming walnut oil
more reduce blood glucose than other sections of walnut. Results demonstrate that oil, septum
and leaves extract of walnut possesses significant antihyperglicemic properties, thus
suggesting its beneficial effect in the treatment of diabetes.
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Introduction
Diabetes is the most common endocrine disorder characterized by hyperglycemia and Carbohydrate, fat
and protein metabolism disorder [1].It is a medical condition in which the body does not efficiently utilize
insulin, the hormone responsible for regulating blood sugar. In Type 1 diabetes, the body does not produce
insulin, whereas in Type 2 diabetes, the body does not produce enough insulin or cells become resistant to
insulin. This, in turn, leads to chronic high blood sugar levels that increase the risk for stroke, heart disease,
kidney failure and obesity [2]. Diabetes mellitus is associated with increased prevalence of microvascular
complications. Type 1 diabetes mellitus results from cellular mediated autoimmune destruction of pancreatic βcells of islets of Langerhans and results in loss of insulin production. Therefore, damage to pancreatic b cells
due to the release of tumor necrosis factor-a (TNF-a) and interleukin-1 (IL-1) produced by infiltrating
macrophages, lymphocytes and monocytes leads to the development of type 1 diabetes mellitus [3].Prevalence
of diabetes mellitus type 2 is increasing globally. It was noted that an increase in intake of plant sources of fats
and proteins in the diet would reduce the risk of coronary artery disease and diabetes mellitus type 2. Several
studies demonstrated that increased intake of mono- and polyunsaturated fatty acids and lower intake of
saturated and trans-fatty acids are associated with a lower risk of diabetes mellitus type 2[4].The oral
hypoglycemic agents currently used in clinical practice possess characteristic profiles of serious side effects.
Hence, there is a need to search for newer anti-diabetic agents that retain therapeutic efficacy and are devoid of
side effects [5-6].Herbal traditional medicines derived mainly from plants have played major role in the
management of diabetes mellitus [7].Among the nuts, walnut has a high omega-3 unsaturated fatty acid and
antioxidant component content, providing nutritional and functional properties including improvement of the
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gastrointestinal system, decrease in blood glucose level, eventually leading to a decrease in the risk of
cardiovascular disease[8].Walnuts are also used as a traditional therapy for treating cough, stomach ache and
cancer in Asia and Europe [3].
The heart benefits of walnuts include lowering cholesterol, increasing the ratio of high-density
lipoprotein cholesterol to total cholesterol, reducing inflammation, and improving arterial function [9-11]. An
April 2004 clinical study from the University of Barcelona showed that substituting walnuts for
monounsaturated fatty acids in a Mediterranean diet improved, and even restored, endothelial function.
According to the researchers, walnuts are the first whole food to show such cardiovascular benefits [11].
Cardio-protective dietary fat intakes are recommended as part of the treatment for type 2 diabetes patients [12].
Walnut consumption improves endothelial function in type 2 diabetic individuals and may therefore help reduce
cardiovascular disease risk in this high-risk population[13].A diet rich in walnut would have a positive effect on
endothelial function and endothelium-dependent vasodilation in diabetes. These dietary changes consequently
would reduce the overall risk for coronary artery disease[14].There are few reports regarding the use of walnut
in diabetic patients [15]or walnut leaf aqueous extract on blood glucose and The lipid changes in diabetic
animals [16-18].
In this study, the effects of walnut oil, septum and leaf aqueous extract on blood glucose in diabetic
subjects will be discussed using an animal model.

Materials and Methods
Extract preparation
Walnuts (Juglansregia) used in this experiment were collected in July, 2014 from gardens in
Noghondar, Mashhad, Iran, and identified by specialized botanist in the Department of Botany, University of
Mashhad .Septum of walnut shell (300g) was separated and shed dried (at 25 ºC) ground and mixed with water
by blender. After 24 h, the mixture was filtered through Wattman filter, evaporated by rotatory evaporator and
dried in a desiccator. The extract was obtained with the percolation method. The final yield was 30 g powdered
extract. The oil content of walnuts was extracted with hexane (Sigma Aldrich)by the extraction method [3]. For
walnut leaves aqueous extract preparation all healthy leaves of walnuts were washed and dried in shadeand
grinded to powder after well dried. 50 gram of the leave powder was soaked in 1000 ml water and placed on a
shaker (VAC 230 model)for twenty-four hours (24hrs) [19].
Animal treatments
Male adult rats (wistar strain), weighting 150-180 g obtained from University of Medical Sciences,
Mashhad, Iran, and were kept in ananimal chamber (24±2°C) under the care of experienced animal technicians.
Diabetes induction
Alloxan monohydrate (Sigma) was dissolved in sterile distilled water. Diabetes was induced in 25 rats
by intraperitoneal injection of alloxan (5%) 185 mg/kg [20-21]. Experimental diabetes was induced by
administration of alloxan monohydrate (75 mg/kg of body weight) [3]intraperitoneally two weeks before
starting the treatment. After a 2-week experimental period, the blood glucose level of the animals was tested for
evidence of adiabetic state, following a 12 h fast. The animals that had a blood glucose level equal to or greater
than 250 mg/dl were included in the study [3]. The study was reviewed and approved by the Ethics Committee
of Mashhad University of Medical Sciences. The rats were randomly divided into five groups (n = 5): normal
control (normal rats which received distilled water), diabetic control (normal rats given alloxan monohydrate
(75 mg/kg of body weight) intraperitoneally, daily for three days), diabetic-walnut oil (diabetic rats given
extract of walnut oil (400 mg/kg), daily for two weeks orally by gavage), diabetic-walnut Septum (diabetic rats
given extract of walnut septum (400 mg/kg), daily for two weeks orally by gavage),diabetic- walnut leaves
aqueous extract (diabetic rats given extract of walnut leaves (400 mg/kg), daily for two weeks orally by
gavage).
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Blood sample collection and analysis
To Catching investigation of diabetes in rats, blood samples after 3 days of Alloxan injection were
collected from end of tail. To investigate the effects of walnuts oil, leaves extract and Septum on diabetes, blood
samples were collected three times: time 0 was before injection of alloxan, time 1 was 7days after injection of
alloxan and time 2 was 14 days after injection of alloxan. Serum glucose concentration were determined by the
glucose oxidase method using glucose oxide kit (zist chime, Tehran, Iran) [22].
Statistical analysis
In this study factorial method was employed with the aid of MstatC statistical software to design of
experiments. Significant differences among the groups were determined by one way analysis of variance
(ANOVA). Values of P < 0.05 were taken as statistically significant.

Results and discussion
The results of blood glucose measurement after 3 days of alloxan monohydrate injection into groups of
2 to 5 showed that a part from control group (Group 1),all samples groups of 2 to 5, are suffering from diabetes.
Effects of walnut oil, walnut septum and walnut leaves aqueous extract on serum glucose level in
diabetic rats during 14 days of oral administration are shown in Figs 1-3.
As can be seen blood glucose level was found to be significantly decreased in diabetic rats treated with
walnut oil, walnut septum and walnut leaves aqueous extract respectively in 14 days.

Fig. 1 Diabetic rats treated by walnut oil
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Fig. 2 Diabetic rats treated by walnut septum

Fig. 3 Diabetic rats treated by walnut leave aqueous extract
The principle steps of statistically designed experiments are the choice of the experimental design type,
determination of response variables, factors and their levels and statistical analysis of the data. In this study
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factorial method was employed with the aid of MstatC statistical software to design of experiments. Basically,
factorial designs are used to determine which factors are significant and screen them. Two parameters including
group (normal control ,diabetic control , diabetic-walnut oil ,diabetic-walnut septum, diabetic- walnut leaves
aqueous extract ) and time in three level (before alloxan injection, after 7 days of alloxan injection, after 14 days
of alloxan injection) were selected to examine the factors affecting diabetes. All factors were examined in
various levels and experiments were conducted 5 times to minimize errors. A total of 75 experiments were
conducted. The matrix of the factorial design including the Adjusted Sum of Squares (AdjSS) and Adjusted
Mean Square (AdjMS) of each factor, P-value and the F-value are described in Table 1.
Table 1 Obtained results from analysis of variance data for selected factorial models
Source
Factor A
Factor B
AB
Error
Total

Degrees of
Freedom
4
2
8
60
74

Sum of
Squares
1056989.947
536414.107
455283.093
147377.600
2196064.747

Mean
Square
264247.487
268207.053
56910.387
2456.293

F
Value
107.5798
109.1918
23.1692

Prob
0.0000
0.0000
0.0000

These values indicate that the models are statistically significant, and there is only less than 0.01%
probability that these levels of fit can occur due to random chance [23]. The importance of the data can be
judged by its P-value, where values closer to zero denote greater significance. As can be seen the main effects
of group (Factor A) and time (factor B) are significant. Also Table 1 reveals that the interaction impact of
parameters is influential on diabetes.
Results showed that continuous treatment with walnut oil, septum and leaves aqueous extract for a
period of 14 days produced a significant reduction in blood glucose of rats. The blood glucose rate obtained
indicated that the extract of walnut oil produces a more significant effect in alloxan –induced diabetic rats than
other section of walnut.
The mean blood glucose levels of all groups before intervention, is shown in Figure 4. This Fig reveal
that there is significant differences in blood glucose level of control group with other groups (p<0.05).

Fig.4 The mean blood glucose levels of all groups before intervention
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Results showed that the mean blood glucose levels of control and test diabetic rats after oral
administration of walnut oil, septum and leaves modified by therapeutic intervention by 7 and 14 days and the
difference between these groups was significant (P<0.05)(Fig. 5-6).

Fig.5 The mean blood glucose levels of all groups after 7 days of intervention

Fig.6 The mean blood glucose levels of all groups after 14 days of intervention
There are the significant difference between mean blood glucose levels of all groups at three different
times (before, after 7 and 14 days of intervention)(Fig.7).
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Fig. 7 Comparison between the blood glucose of all groups at three different times
Results showed that blood glucose has been moderated with continuity of using walnut oil, septum and
leaves extract. Also hypoglycemia was more than the first week. Long-term effects of these extracts on blood
glucose levels are higher than short-term effects. On the other hand they had time-dependent effect on blood
glucose level.It has been noted that walnut has a higher antioxidant capacity when compared with other nuts.
These antioxidants are possibly of phenolic compounds, including hydrolyzed tannins, tocopherol, and
melatonin; all of which have a high antioxidant capacity. Antioxidant has important role in treatment and
improvement of glucose homeostasis in patients with diabetes [4].Walnut leaves constitute a good source of
antioxidant compounds, namely phenolics, suggesting that it could be useful in prevention of diseases in which
free radicals are implicated. Phenolic acid and flavonoid are two major groups of phenolic compounds in walnut
leaves. The most important phenolic acid in walnut leaf is caffeoylquinic acid and the main flavonoid is
quercetin[3].
Septum of walnut did not effect on the β-cells regeneration. Therefore, this mechanism might have been
due to the increase of insulin from remnant β-cells [24-25].It might facilitate utilization of glucose by aninsulin
dependent glucose transporter [26]. It seems, continuous consumption of aqueous extract of septum of walnut
reduce blood sugar but cannot play a role on repairing beta-cells of langerhan’s island. It may be useful for
diabetic patients through reducing blood glucose [27].

Conclusion
Regulation of blood glucose concentration plays an important role in diabetic patient. In this paper the
effects of walnut oil, septum and leaves aqueous extract were tested on blood glucose in diabetic rats. Results
showed that using walnut led had to significant decrease in blood glucose is diabetic rats and they had timedependent effect on blood glucose level. Alloxan increased oxidative stress in diabetes through free radical
generation. So, it needs to explore methods for oxidative damage protection. Hypoglycemic effects of walnut
proved blood glucose level by phenolic compounds. Despite the better effect of walnut oil on blood glucose to
septum and leaves extract, it can be used as complement for traditional anti-diabetic drugs.
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