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Objective(s): Metabolic syndrome is a multiplex risk factor for diabetes and cardiovascular disease. 
Since some dietary fats such as mono-unsaturated fatty acids (MUFA) modify metabolic syndrome 
components the aim of the present study was to evaluate  the preventive effects of mixture, kernel 
and hull oils of wild pistachio (WP) (Pistacia atlantica mutica) as good sources of MUFA on different 
features of this abnormality in rats under induction. 
Materials and Methods: In this study rats were randomly assigned to six groups with 12 animals per group. 
Metabolic syndrome was induced by fructose solution in groups 2, 3, 4, 5, and 6. Group 3 received sunflower 
oil and groups 4, 5, and 6 received mixture, hull and kernel oils of WP (2 ml/kg/day), respectively, for 10 
weeks. Then, lipid profiles, glycemic indices, oxidative stress and inflammatory parameters were measured 
using standard laboratory tests.
Results: Different forms of WP oil induced hypotriglyceridemia, but the hypocholesterolemia effect 
was seen only in the mixed and kernel oil groups. Kernel oil also significantly reduced LDL and HDL 
cholesterol (P<0.05). In addition, mixed and kernel oils notably decreased glycemic indices (fasting 
blood glucose and insulin resistance) compared with the fructose group. Serum insulin levels were 
significantly increased in the kernel oil group (P<0.05). All WP oils also significantly decreased 
inflammation (IL-6).
Conclusion: The results showed that the consumption of WP kernel oil may have beneficial effects on 
preventing hyperglycemia, hypertriglyceridemia, hypercholesterolemia, inflammation and pancreatic 
secretory disorders.
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Introduction
Metabolic syndrome is a cluster of metabolic 

abnormalities that increase the risk of cardiovascular 
disease (CVD), diabetes, and so on (1, 2).  These abnormalities 
include hyperglycemia, hypertriglyceridemia, low 
high density lipoprotein cholesterol (HDL-C) level, 
hypertension, and abdominal obesity (3). Due to 
increased obesity and sedentary lifestyle, the prevalence 
of metabolic syndrome has also increased and become 
an important public health problem all over the world 
(4).

Although the exact mechanism underlying metabolic 
syndrome is unclear, insulin resistance (IR) is known as 
its probable cause (5). In addition, oxidative damage due 
to imbalance between the antioxidant defense system 
and free radicals production has also been reported in 
metabolic syndrome patients (6).

At present, the main strategy for the management of 
metabolic syndrome is lifestyle modification including 
diet therapy. Dietary fat and antioxidants are two dietary 
components that affect the constituents of metabolic 
syndrome (7, 8).

Mediterranean dietary pattern, in which olive oil is 
the main source of fat, is confirmed as a primary and 
secondary preventive method of metabolic syndrome  

and its components (9). In this regard, monounsaturated 
fatty acids (MUFA) and antioxidants including phenolic 
compounds are effective (2, 8).

Therefore, the entry of local food sources containing 
MUFA and antioxidants into dietary pattern of people in 
each region may have preventive effects; one of these 
sources is pistachio family. Pistacia  atlantica mutica 
or Baneh is a species of pistachio, which is native to a 
part of Euracia to north Africa (10).  Zagros area of Iran 
is one of the regions with high dispersion of  this wild 
pistachio (WP) (11). WP fruit contain dark green hull, 
wooden hard shell and a kernel which comprise 24, 51 
and 25 percent of whole fruit respectively (12). Previous 
studies show beneficial effects of different parts of WP 
on features of diabete, dyslipidemia, inflammatory 
disorders, dental disease and peptic ulcer based on anti-
microbial and antioxidation activities (13-16).

Fatty acid analysis of WP oil shows that it is a main 
source of oleic acid as WP hull and kernel oil is classified 
as a good source of MUFA, comprising of 66 and 54 
percent MUFA while compared to olive oil it has about 
62 percent (12, 17). Furthermore, these oils have 
notable content of natural phenolic antioxidants and 
other bioactive components such as beta-sitosterol even 
higher than other vegetable oils (12, 17).
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However, to the best of our knowledge, there is no any 
study to evaluate the influence of these oils on metabolic 
syndrome risk factors, so in this study we evaluated the 
probable preventive effects of hull and kernel oils of WP 
on some components of metabolic syndrome. 

Materials and Methods
Oil preparation

WP fresh fruits were collected in October 2016 from 
Nurabad (Zagros forest), Fars province, IRAN. The plant 
was identified by Mrs Sadigheh Khademian (Department 
of Traditional Pharmacy, Shiraz University of Medical 
Sciences, Shiraz, Iran) and its voucher herbarium 
specimen (no 2817) is deposited at the Herbarium of 
Shiraz Pharmacy School, IRAN.

The green hull and the kernel parts of fruits were 
separated and dried in the shade. Oil was obtained from 
these parts by cold press method (cold press device: 
calibre 35 mm, Iran) (17). Then, it was filtered and 
centrifuged at 4000 rpm during 15 min (Centrifuge 
machine, Sigma, Germany). Hull oil, kernel oil and 
mixture oil (60 percent hull and 40 percent kernel oils) 
were stored in dark bottles at 4 °C for a maximum of one 
week. 

Chemical analysis of the oil
The fatty acid composition and sterol content 

were analyzed by gas chromatograph machine. Gas 
chromatography was performed on the samples, using a 
Beifen system (3420A, China) with a split/splitless injector, 
a flame ionization detector and a BPX70 capillary column 
(Bis-cyanopropylsiloxane-silphenylene, 30 m×0.25 mm 
internal diameter with 0.25 μm film thickness). The 
samples were injected into the column with the volume 
of 1 μl (split ratio of 1:10). Fatty acids were identified 
according to their retention times in comparison with 
the standards. Quantitative determination of fatty acids 
was carried out by calculating their relative peak areas. 
The sterol content was calculated according to National 
Iranian Standard No. ISIRI 9670, ISIRI 6081.

 The spectophotometric method of the International 
Dairy Federation was used to determine the peroxide 
value. The acid value (AV) was determined according 
to the AOCS Official Method Cd 3d-63. The amounts of 
phenols were estimated using the Folin-Ciocalteu reagent 
at 725 nm. Results were expressed as mg of gallic acid per 
g of samples.

Tocopherols were measured by RP-HPLC column VIT 
F (Knauer Smart Line, Germany) and UV-detection at 
295 nm. Extracted oil was diluted with ethanol and 20 
μl was injected to HPLC after filtration by a syringe filter 
(0.45 μ) with a C-18 lichrospher RP-100 (125 mm × 3 
mm, 5 μm) column. The mobile phase was acetonitrile 
and water (80, 20 v/v) at a flow rate of 0.35 ml/min 
at 30 °C temperature. Total tocopherol amount were 
calculated by comparing with standards purchased 
from Sigma.

Experimental animals
Seventy two male Sprague Dawley rats 6 to 8 week 

old (weighing 170-220 g each) were purchased from 
the center of experimental and comparative medicine, 
Shiraz University of Medical Sciences, Shiraz, Iran. The 
rats were housed in standard cages and maintained 

under controlled environment (temperature: 22±2 

°C, lighting: 12 hr light/dark cycles and humidity: 
%50±5). The rats were fed a chow diet (Pars Dam Co, 
Tehran, IRAN) and also accessed to ad libitum drinking 
water. This study protocol was approved by the Ethics 
Committee of Shiraz University of Medical Sciences and 
was performed in accordance with the Ethical Standards 
laid down in the 1964 Declaration of Helsinki and its 
later amendments. 

Induction of metabolic syndrome
Metabolic syndrome was induced in Sprague Dawley 

rats through administering 8 g/kg body weight per day 
fructose by gavage (18). Fructose (Merch Co, Germany) 
solution was prepared at 50 percent concentration (as 
50/50 with water).

Experimental design
The rats were divided randomly into six groups of 12 

rats per group. 
Group 1, the control group, did not undergo induction 

of metabolic syndrome and received 2 ml normal saline 
as placebo for fructose solution and 0.5 ml normal saline 
twice per day for 10 weeks as oils placebo.

Group 2 received 2 ml fructose solution and 0.5 ml 
normal saline twice per day for 10 weeks.

Group 3 received 2 ml fructose solution and 0.5 ml 
sunflower oil for 10 weeks.

Group 4 received 2 ml fructose solution and 0.5 ml 
mixture oil of WP for 10 weeks.

Group 5 received 2 ml fructose solution and 0.5 ml 
hull oil of WP for 10 weeks.

Group 6 received 2 ml fructose solution and 0.5 ml 
kernel oil of WP for 10 weeks.

Determination of biochemical parameters
Rats were monitored weekly by weighing. At the end 

of week 10, after 12 hr fasting and under anesthesia (50 
mg/kg ketamine plus 5 mg/kg diazepam through intra 
peritoneally administration), 5 ml blood was collected by 
cardiac puncture. The blood samples were centrifuged 
at 3500 g/min for 10 min to separate the serums and 
stored at -80 °C prior to biochemical measurements. The 
lipid profile including triglyceride (TG), total cholesterol 
(TC), low density lipoprotein cholesterol (LDL-Chol), high 
density lipoprotein cholesterol (HDL Chol) and fasting 
blood glucose (FBG) was assayed by specific enzymatic 
kits (Pars Azmoon., Tehran, IRAN) (Autoanalyzer BT 
1500, Medsystem, USA). Serum malondealdehyde 
(MDA) concentrations were determined by measuring 
TBARS (thiobarbituric acid reactive substances) by 
using spectophotometric assay (Spectrophotometry, 
Apel, Japan)  (19). Serum concentrations of insulin and 
interlukin-6 (IL-6) were measured using available ELIZA 
kits (Monobind Inc, USA and IBL international, Germany, 
respectively) and superoxide dismutase (SOD) activity 
by Zellbio kit, Germany (Elisa microplate reader, Statfax 
2600, USA). In addition, insulin resistance was measured 
by homestatic model assessment (HOMA -IR) based on 
this equation: fasting glucose (mmol/l)×fasting insulin 
(µIU/ml)/22.5 (20).

Statistical analysis 
Statistical analysis was done by SPSS software, 
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version 24 (SPSS Inc, Chicago IL). Normally distributed 
data were expressed as mean ± SD and abnormal data 
presented as median (IQR). Normally distributed data 
were compared between groups by one way ANOVA 
test (and TUKEY test as post hoc) and skewed data were 
compared by kruskal-wallis test (and Mann-witney 
U-test as post hoc). Repeated measurement test was 
also used to compare weight changes during the study 
weeks. A P-value of ≤0.05 was considered statistically 
significant.

Results
Chemical analysis of the oils

Based on Table 1 major fatty acid in WPK (wild 
pistachio kernel) and WPH (wild pistachio hull) oils 
was oleic acid with 51.17 and 54.33 percentages but 
oleic acid contend of sunflower oil was 25 percent.  In 
addition WPK oil has higher sterol content and beta 
sitosterol is the predominant phytosterol of WPK and 
WPH oils (84% and 82.44%), while beta sitosterol of 
sunflower oil was 61 percent. This study showed that 
WPH oil has higher peroxide value in comparison to 
WPK and sunflower oils (4.2, 0.8 and 0.7). Results 
showed higher content of total tochopherol in WPH oil 
(1070.49 mg/kg) compare to WPK oil (350.15 mg/kg) 
and sunflower oil (582 mg/kg).

After 10 weeks of consumption of fructose solution 
and different oils, the following results were obtained:

Serum lipids
The effects of interventions on lipid profile are shown 

in Table 2. There was a significant difference in TG, T-Chol, 
LDL-Chol and HDL-Chol between the groups (P-value 
=0.000). TG, T-Chol, LDL and HDL concentrations in the 
fructose group were significantly increased compared 
to the control group. 

Concentration of TG was significantly decreased 
in the mixture, WPH, WPK and sunflower oil groups 
compared to the fructose group (P-value =0.000) for 

each comparison, with maximum reduction in the 
mixture oil group. The mixture and WPK oils had a 
tendency to produce lower T-Chol concentrations 
compared to the fructose group (P-value =0.01 and 
0.002, respectively). WPK oil also significantly reduced 
LDL-Chol and HDL-Chol compared to the fructose group 
(P-value = 0.002 and 0.02, respectively) and sunflower 
oil decreased LDL-Chol significantly compare to 
fructose group (P-value =0.001). In addition, HDL-Chol 
concentration significantly increased in the mixture and 
WPH oil groups compared to the control group (P-value 
=0.006, P-value =0.000).

Glycemic indices 
Table 2 shows a significant difference between 

FBG, Insulin and HOMA-IR in 6 groups of the study 
(P-value =0.000 for FBG and Insulin and P-value =0.04 

Table 1. Chemical composition of wild pistachio kernel (WPK), wild 
pistachio hull (WPH) and Sunflower oils

Parameters  WPK oil WPH oil Sunflower oil 

Fatty acids (percent) 

16:0 

18:1 

18:2 

18:3 

Others 

 

10.03 

51.17 

32.85 

0.63 

5.32 

 

23.74 

54.33 

5.84 

0.7 

15.39 

 

7.39 

25 

63.2 

0.2 

4.21 

Sterols (mg/kg) 

B-sitosterol 

Campesterol 

Others 

Total 

 

 

84 

4 

12 

3811.12 

 

82.44 

5.68 

11.88 

1569.47 

 

61.11 

8.4 

30.49 

2700 

Total tocopherol (mg/kg) 350.15 1070.49 582 

Total phenol (mg/kg) 4.25 89.5 1.2 

Acid value (mg KOH/g oil) 0.9 6.78 8 

Peroxide value 

(mequiv O2/kg oil) 

0.8 4.2 0.7 

 

  

                    

              Groups 

 

 

Variables 

 

Control 

(mean±SD) 

 

 

Fructose 

(mean±SD) 

 

 

Fructose + 

Sunflower oil 

(mean±SD) 

 

 

Fructose + 

Mixed oil 

(mean±SD) 

 

 

Fructose + 

  Hull oil 

(mean±SD) 

 

 

Fructose + 

Kernel oil  

(mean±SD) 

 

 

P-value 

TG(mg/dl) 62.63±8.09 

 
107.20±14.14a 

 
48.18±11.23ab 

 
43.36±11.36ab 

 
55.10±10.76b 

 
47.27±11.23ab 

 
<.001 

 

T-Chol (mg/dl) 51.27±7.19 
 

71.40±7.54a 

 
61.09±8.37a 

 
59.54±8.93b 

 
64.30±8.99a 

 
57.81±4.62b 

 
<.001 

 
LDL (mg/dl) 6.81±1.07 

 
16.30±3.74a 

 
12.00±2.28ab 

 
13.63±2.01a 

 
13.60±1.57a 

 
12.18±2.31ab 

 
<.001 

 
HDL (mg/dl) 35.36±7.32 

 
47.40±4.24a 

 
42.45±4.10a 

 
43.27±3.52a 

 
46.00±5.88a 

 
40.27±3.90b 

 
<.001 

 
FBG (mg/dl) 114.45±28.42 

 
178.00±17.32a 

 
174.72±38.38a 

 
120.45±14.09bc 

 
150.30±27.60a 

 
123.45±24.88bc 

 
<.001 

 
Insulin (µIU/ml) 1.90±0.24 

 
1.59±0.17a 

 
1.47±0.18a 

 
1.78±0.18c 

 
1.63±0.22a 

 
1.85±0.18bc 

 
<.001 

 
 
HOMA-IR 

 
0.53±0.13 

 
0.7±0.12a 

 
0.64±0.19 

 
0.53±0.10b 

 
0.60±0.13 

 
0.56±0.11b 

 
.04 

 
Weight        changes (gr) 82.72±12.74 

 
121.30±20.36a 

 
106.45±16.57 

 
104.72±20.19 

 
107.70±32.15 

 
106.54±18.88 

 
.005 

 
 

  

Table 2. Weight, lipid profile and glycemic indices of each group of rats fed with different oils

*P<0.05 considered significant
 a: significant difference compared to the control group; b: significant difference compared to the fructose group; c: significant difference compared 
to the sunflower oil group; d: significant difference compared to the kernel oil group 
TG: Triglyceride, T-Chol: total Cholesterol, LDL: Low Density Lipoprotein, HDL: High Density Lipoprotein, FBG: Fasting Blood Glucose, HOMA-IR: 
Homeostatic Model Assessment Insulin Resistance
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for HOMA-IR).This study showed a significant increase 
in FBG concentration and HOMA-IR in the fructose 
group compared to the control group (P-value =0.001, 
P-value =0.008). Mixture and WPK oils consumption 
significantly decreased the FBG (P-value =0.002, P-value 
=0.005) and HOMA-IR (P-value =0.007, P-value =0.024) 
compared to the fructose group. WPK oil consumption 
also increased the insulin level significantly (P-value 
=0.04).

FBG and insulin serumic concentrations were 
significantly lower and higher respectively in the groups 
which consumed mixture and WPK oils compared to 
sunflower oil (P-value =0.000).

Oxidative stress and inflammatory parameters
There was no significant difference in the MDA and 

SOD concentrations among the 6 groups of the study, 
but it was significant for the IL-6 level (P-value =0.000), 
Table 3. Table 3 also shows that consumption of different 
oils (sunflower, mixture, WPH and WPK) significantly 
decreased the IL-6 level compared to the fructose group 
(P-value =0.003, P-value =0.000, P-value =0.000 and 
P-value =0.004) and the most reduction was related to 
the groups who consumed mixture and WPH oils.

Weight changes
Figure 1 shows weight changes in different groups 

during 10 weeks of the study. In Table 2, based on ANOVA 
analysis, we can see that weight changes during the 
study were significantly different among the 6 groups 
of rats (P-value =0.005). Based on post-hoc analysis, 
fructose consumption increased the weight significantly 
compared to the control group (P-value =0.001), but 
consumption of oils decelerated the weight increment; 
however, it was not significant.

Discussion
The present study evaluated the preventive effects of 

WP oils on the elements and risk factors of metabolic 
syndrome in rats with induced metabolic syndrome. 
The main findings of this study were that mixture and 
WPK oils improve lipid profiles, glycemic indices, and 
inflammation in rats with induced metabolic syndrome. 
The hypotriglyceridemic and anti-inflammatory effects 
of WPH oil were also revealed. The hypolipidemic effects 
of WPK oil, WPH oil, and a mixture of the two can be 
attributed to the fatty acid composition and biochemical 
elements of the oils.

In this study, total cholesterol and LDL levels in 

the WPK oil group, total cholesterol in the mixture 
oil group and LDL level in sunflower oil group were 
significantly reduced. These results can be attributed 
to the high phytosterol content in WP and sunflower 
oils. Phytosterols as an important component of these 
oils include beta‐sitosterol, campesterol, stigmasterol, 
and sitostanol among others. These herbal sterols can 
manage cholesterol absorption and reduce LDL levels 
because of their similar structures and biological 
functions with cholesterol. (17, 21). They also 
empower the ABC transporter function (ATP binding 
cassette transporter), which can pump cholesterol 
from enterocytes to the lumen of the small intestine 
(22). By reducing cholesterol levels, phytosterols 
can reduce arthrosclerosis risk and inflammatory 
processes (23, 24). Farquhar et al. showed that beta‐
sitosterol supplementation in individuals with cardiac 
disease causes reductions in serum cholesterol, beta 
lipoproteins, and total lipids (25). 

Based on the WHO and NCEP ATP III definitions, 
hypertriglyceridemia is one component of metabolic 
syndrome that can contribute to atherogenesis. 
Lipoproteins, which include triglycerides, can cause 
atherogenesis by causing disturbances in vasodilation, 
increasing pre-inflammatory cytokine production, 
increasing inflammatory responses, and activating 
monocytes (26, 27). As the current study showed, the 
triglyceride levels were reduced in sunflower and 
all 3 WP oil groups in comparison with the fructose 
group; this result in WP oil groups may be due to the 
high content of the mono-unsaturated fatty acid, oleic 
acid. Increasing the oxidation of fatty acids through 
the activation of peroxisome proliferator-activated 
receptor α (PPAR α) is a mechanism through which 
oleic acid can reduce triglycerides in the liver (28). 
As most serum triglycerides are transferred by VLDL, 
the production of VLDL-triglycerides in the liver and 
removing triglycerides from the circulation are two 
key factors affecting triglyceride concentrations. Two 
probable hypotriglyceridemia mechanisms by MUFA 
include changing the composition of VLDL and proteins 
and enzymes expression which involved in intravascular 
metabolism and catabolism of VLDL, both of which can 
reduce plasma triglyceride levels. Dietary fatty acids 
are important factors in converting VLDL into other 
lipoproteins and triglyceride metabolisms by changing 
the combination of VLDL-triglyceride fatty acids (29, 
30). On the other hand, a 1999 study by Etherton et al . 
showed that a diet high in mono-unsaturated fatty acids 

                    
              Groups 
 
Variables 

 
Control 

(mean±SD) 
 

 
Fructose 

(mean±SD) 
 

 
Fructose + 

Sunflower oil 
(mean±SD) 

 
Fructose + 
Mixed oil 

(mean±SD) 
 

 
Fructose + 

  Hull oil 
(mean±SD) 

 

 
Fructose + 
Kernel oil  

(mean±SD) 
 

 
P-value 

MDA** (pg/ml) 3.92(3.58-5.25) 
 

4.27(3.75-5.78) 
 

3.83(3.7-4.92) 
 

3.92(3.87-4.85) 
 

4.00(3.76-4.20) 
 

4.08(3.50-4.37) 
 

.86 
 

SOD (u/ml) 30.30±1.49 
 

31.82±1.04 
 

32.24±2.81 
 

32.45±1.19 
 

32.29±1.62 
 

31.65±2.44 
 

.11 
 

IL-6 (pg/ml) 
 

54.97±7.88 
 

69.49±6.39a 

 
52.38±5.21b 

 
45.47±14.31b 

 
43.48±14.37b 

 
53.05±7.09b 

 
<.001 

 
 

Table 3.  Inflammation and oxidative stress markers of each group of rats fed with different oils

*P<0.05 considered significant; a: significant difference compared to the control group; b: significant difference compared to the fructose group
MDA: Malondialdehyde, SOD: Super Oxide Dismutase, IL-6: Interleukin-6
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has reductive effects on triglycerides, total cholesterol, 
and LDL in comparison with a typical American diet. 
Their results confirm the findings of the current study 
(31). According to our results (Table 1) sunflower oil 
has 61 percent linoleic acid and studies showed that 
PUFA (poly unsaturated fatty acid) can down-regulate 
SREBP-1 (sterol regulatory element binding proteins) 
and, thereby, synthesis of triglyceride (32).

HDL is an important element of metabolic syndrome 
in lipoprotein metabolism and can be a powerful 
predictive factor in cardiovascular diseases (33, 34). 
However, the current study revealed a reduction in all 
components of lipid profiles (such as HDL) in the WPK 
oil group. WPK oil has about 35% PUFA fatty acid; thus, 
reduced HDL levels can be a result of the PUFA content in 
this oil (17). Mattson and Grundy also found a significant 
reduction in HDL levels in safflower oil receivers and 
attributed it to the high level of PUFA (35). However, 
the current study did not show any effects of other oils 
on HDL, because they all had a lower PUFA content in 
them. In contrast, Saeb et al. showed in their study that 
a diet with a 10-20% concentration of WPK oil caused 
reductions in total cholesterol, triglycerides, and LDL in 
female rabbits; however, unlike the current study, they 
showed an increased level of HDL. This difference in 
results can be attributed to different diets and animal 
models (36).

One impressive result of this study is the reduction in 
interleukin-6 levels in sunflower and all WP oil groups. 
In 2011, Lira et al. showed anti-inflammatory effects 
of tocopherol by reducing IL-6 and based on Table 1 
sunflower oil has favorable values of total tocopherol 
that can explain it ‘ s effect on IL-6 reduction (37).

 In 2001, Moreno et al. reported reductions in 
arachidonic acid release and prostaglandin E2 
production in the macrophages of rats fed high 
amounts of oleic acid; these results confirm the anti-
inflammatory effects of oleic acid (38). In another study 
the anti-inflammatory effect of olive oil was evaluated 
in individuals with cardiovascular disease. The results 
showed that olive oil can reduce CRP and IL-6 levels (39). 
Inflammatory factors can motivate greater production 
and cascading activities in beta pancreas cells, which can 
then increase the death of beta pancreas cells and inhibit 
insulin secretion. Therefore, a reduction in the viscosity 
of inflammatory cytokines in plasma can have medical 
effects on beta pancreas and diabetic cell disorders (40, 
41). In the current study, the consumption of WPK oil 
increased insulin secretion by reducing IL-6 levels in 
comparison with the fructose group. These effects were 
not seen in the rats that consumed the mixture and hull 
oils of WP since tochopherols have anti-inflammatory 
properties 

This study also showed that WPK and mixture oils 
reduced FBG levels and insulin resistance indices. This 
study and other evaluations have shown that oleic 
acid 18-1 (n-9) is the main fatty acid of WP oil (hull 
and kernel) (Table 1), (17, 42), and it has a suitable 
effect on glycemic indices based on observations 
of the consumption of a diet high in this fatty acid. 
Previous studies have shown that oleic acid can reduce 
hyperglycemia by improving the secretory function of 
beta pancreas cells, improving semi-glucagon peptide 
secretion (GLP-1), and combatting the destructive 

effects of high blood glucose (43-45). WP oil is a mixture 
of fatty acids with a complex of bioactive components, 
but the exact mechanism with which WP oil can create 
metabolic changes in the body is not completely clear.  It 
is reported that a diet containing oleic acid can improve 
plasma glucose and insulin levels and preserve beta 
pancreas cells in obese rats (46). In 2011, Bermudez et 
al. reported the improving effect of olive oil on insulin 
secretion and sensitivity (47).

Hyperglycemia increases ROS production in 
mitochondria by intervening in the respiratory chain, 
which plays important roles in various metabolic 
disorders related to the diabetic condition. Today, 
one of the main strategies for treating diabetes and 
pancreas secretory disorders is to emphasize reducing 
oxidative stress (48). As seen in Kaneto et al. antioxidant 
therapy in diabetic mice improved the function of beta 
pancreas cells and delayed pancreatic disorders of 
glucose intoxication (49). Therefore, other probable 
mechanisms of WP oil in reducing hyperglycemia and 
improving insulin secretion may be attributed to its 
antioxidant components based on Table 1. Although 
this study didn’t show any serumic antioxidative effects 
of the oils but they may improve antioxidant defense 
system of the cells.

According to previous studies, WP is high in phenols, 
flavonoids, and tocopherols, and the antioxidant 
characteristics of WP are attributed to these elements 
(50, 51). In spite of the current results, previous studies 
have shown that extracts of WP components improve 
the oxidative situation; this paradox is attributed to the 
intervention methods of these studies, which included 
the usage of hydro-alcoholic extracts of WP (52, 53). 
Based on such studies, hydro-alcoholic extract is one of 
the best methods of extracting polyphenolic contents. 
The method used in the current study was to extract 
the oil from WP fruit (kernel and external hull) using 
the cold press method; this could explain the lack of 
effect that WP oil had on oxidative stress indices in this 
study because despite high phenolic level that is lower 
compared to hydro-alcoholic extract form (54, 55). It is 
possible that more time was required for these effects 
to be seen. It is worthy to note that this research was 
a preventative study, and that may have affected the 
results. 

Weight increment and obesity are mentioned as 
backgrounds for metabolic syndrome. It is noteworthy 
that different intervention groups in the current 
study had significant weight increases during the ten-
week period; the groups receiving WP oils had lower 
increases in weight than the fructose group, however 
the difference was not significant. The effects of WP oils 
in this relation may be attributed to the increased lipid 
metabolism by activation of PPAR-α by oleic acid (28).

In this study, the better effects of WPK oil compared 
with WPH oil can be explained by the fact that the kernel 
of WP is surrounded by a hard, wooden shell, and its 
exposure to oxidation factors such as sunlight, oxygen, 
and humidity is less; thus, the peroxide value of WPK oil 
is lower than that of the WPH oil (12). As seen in Table 
1, WPH oil, despite having greater antioxidant contents, 
was probably oxidized before the oil was extracted, and 
thus it had no primary effects. Mixing WPH oil and WPK 
oil also partly increase therapeutic effects of WPH oil.
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In general, based on the results of the current study, 
it is proposed that WP kernel oil can be used in treating 
metabolic syndrome and human studies in the future, 
in addition long term preventive studies to evaluate 
antioxidant effects of the oils is recommended. 

Some limitations of this study may have been 
the lack of blood pressure and waist circumference 
measurements for the rats.

Conclusion
Results of the current study showed that consuming 

WP kernel oil was more effective than other oils 
(WPH and mixture oils) in preventing hyperglycemia, 
hypertriglyceridemia, hypercholesterolemia, inflammation 
and pancreatic secretory disorders; therefore, it may 
reduce metabolic syndrome risk. In addition it seems 
that the use of this oil may be effective in treatment of 
metabolic syndrome that is recommended in future 
studies.
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