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Introduction: Pistacia khinjuk is traditionally used in folk medicine for the 

treatment of various disorders. This study was aimed to investigate the effect of 

Pistacia khinjuk fruit extract on some selected biochemical parameters using rat 

model to validate its application in traditional medicine.  

Materials and Methods: The fruits of the plant were air-dried and the 

hydroalcoholic extract was obtained. Twenty-four rats were divided equally 

into three groups: one group served as the control group and the rest as test 

groups. The test animals were treated with two concentrations of Pistacia 

khinjuk(200 and 400 mg/kg) orally for twenty-eight days. The biochemical 

data were analyzed using SPSS software, expressed as means ± SD and were 

subjected to one-way analysis of variance (ANOVA) followed by post-hoc 

Tukey. 

Results: The results obtained for the selected biochemical parameters revealed 

that glucose, triglyceride, Blood Urea Nitrogen (BUN), creatinine, urea, 

bilirubin and GGT levels decreased significantly (p < 0.05) in test groups 

against the control group. The HDL level increased in test group 1 (200 mg/kg), 

and Cholesterol, AST and ALT levels decreased significantly in test group 2 

(400 mg/kg) (p < 0.05) compared to the other groups.  

Conclusion: The present study showed that the fruit extract of Pistacia khinjuk 

possesses hypocholesterolaemic properties, has a glucose-lowering effect, 

improves the lipid profile, and may be of enormous benefit in the management 

of diabetes, cardiovascular, renal and hepatic diseases. 
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1. Introduction 

Humans have used natural products, such as 

plants, animals, microorganisms and marine 

organisms in medicines to alleviate the 

symptoms of or treat diseases since prehistoric 

and ancient times [1]. Many drugs of known 

therapeutic effects have been developed from 

different plant species. Some plants are used 

as medicinal plants because they contain 

pharmacological components of therapeutic 

value. The medicinal value of plants lies in some 

chemical substances (usually secondary 

metabolites) that produce a definite 

physiological action on the human body [2]. 

The wild pistachio or Khinjuk (Pistacia 

khinjuk) belongs to the family of Anacardiaceae 

[3].  This plant is called “khenjuk or kelkhong” 

in Iran [4]. Pistacia khinjuk tress can potentially 

withstand the severest climatic conditions [5]. 

Their natural habitat is Iran, Turkey, Egypt, 

Syria, Iraq, Afghanistan and Pakistan. The fruits 

are blue and black and the seeds are yellowish 

[6]. 

The amount of mono- and polyunsaturated 

fats in nuts is high (70-80%). Fats are essential 

for a healthful diet and alter the phospholipids in 

cell membranes, minerals, vitamins, fiber, 

magnesium and selenium all of which can 

upgrade insulin sensitivity and glucose 

homeostasis. The ratio of unsaturated fatty acid 

in Iranian Pistacia khinjuk has been reported to 

be 76.31% [7,8]. They are noted as a rich source 

of phenolic compounds which have recently 

been categorized among the first 50 food 

resources with antioxidant activity [9]. Seven 

phenolic compounds, mainly flavonoids and 

galloylated compounds, were isolated from the 

aqueous methanol extract of Pistacia khinjuk 

[10]. Bozorgi et al. 2013 have described the 

presence of terpenoids, flavonoids and tannins in 

Pistacia khinjuk extract with respect to 

phytochemical screening [11]. 

Previous studies have shown that pistachios 

can improve blood lipid profiles in individuals 

with moderate hypercholesterolemia, and in fact, 

reduce the risk of cardiovascular diseases 

(CVDs) [9,12]. The results of several 

interventional studies examining the effects of 

nut-enriched diets on glycemic control and 

insulin sensitivity are similar to the present 

study.[13]. 

In traditional medicine, the various parts of 

Pistacia khinjuk, for example resin, leaf, bark, 

fruit and aerial parts have been mainly applied in 

the treatment and prevention of many diseases 

including eczema, throat infection, renal stone, 

asthma, toothaches, stomach discomfort, nausea, 

vomiting and motion sickness [14-16]. 

Moreover, in modern medicine, studies have 

demonstrated antiinflammatory, antioxidant, 

antitumor, antiasthmatic, antimicrobial, 

antileishmanial [4], as well as wound healing [8] 

and scolicidal effects [16] for pistachio Chinju. 

Medicinal plants may affect biochemical 

parameters in many ways. Therefore, it is 

necessary to investigate the effect of extract of 

Pistacia khinjuk on biochemical parameters such 

as glucose and lipid. Therefore,  this study was 

carried out to investigate some biochemical 

effects of hydroethanolic of Pistacia khinjuk in 

normal Wistar male rats. 

2. Materials and Methods 

2.1. Plant material and extract preparation 

Pistacia khinjuk hulls were picked and 

collected in the central district of Lordegan, 

Chaharmahal and Bakhtiari province, Iran in 

July. Then the plant was identified and 

confirmed (voucher number:1517) at the 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=medicinal+plant
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Herbarium of Chaharmahal and Bakhtiari, 

Agricultural and Natural Resources Research 

and Training Center, Chaharmahal and 

Bakhtiari, Shahrekord, Iran. Hulls were 

separated from the fruits. The fruits were dried 

by natural shadow drying on laboratory benches 

at room temperature (23-24℃), and powdered in 

an electric grinder (Philips Mixer Grinder 

HL1605). The powder was suspended in 1000 

ml of ethanol 70% and distilled water solution 

(7:3, v/v) for 72 h in oven temperature (37℃). 

The mixture was filtered using a soft cotton cloth 

followed by filter paper (Whatman No 1). The 

filtrate was centrifuged for 8 min at 4500 rpm. 

The supernatant fraction was saved. The 

obtained clear residue was placed in rotary 

evaporator for solvent evaporation. Then, the 

resulting extract was placed at oven temperature 

(37℃) in order to evaporate the rest of the 

solvent for 48 h. Afterward, the required 

amounts of dried extracts were dissolved in 

distilled water based on the weight of the rats, 

and the intended doses were prepared and 

homogenized by shaker. The obtained clear 

residue was used for the study. The extracts were 

kept at -20℃ until they were used in the 

experiment [17]. 

2.2. Animals 

Experiments were conducted using mature 

Wistar strain male albino rats (180-240 g). The 

animals were kept in standard controlled 

laboratory conditions［12 h light/dark cycle, at 

22 ± 3℃], and a humidity of 45% with ad 

libitum access to food and water. The study was 

conducted in compliance with the principles of 

the ethical recommendations about using 

laboratory animal guidelines and the 

experimental protocol was approved by the 

Faculty of Veterinary Medicine, Shahrekord 

Branch, Islamic Azad University, Shahrekord, 

Iran [18]. 
 

2.3. Experimental design 

Twenty-four male Wistar rats weighing 180-

240 grams were divided into three groups of 

eight animals. The hydroalcoholic extract of 

Pistacia khinjuk at a single dose of 200 and 400 

mg/kg/day for 28 days was administered orally 

to the animals of two test groups: Test group 1 

(200 mg/kg) and Test group 2 (400 mg/kg). The 

third group was orally dosed with distilled water 

and was considered as the control group (Table 

1).  

 

Table 1: The groups of the experimental design  

Groups Administered doses 

Test 1 
200 mg/kg hydroalcoholic 

extract of Pistacia khinjuk 

Test 2 
400 mg/kg hydroalcoholic 

extract of Pistacia khinjuk 

Control 300 mg/kg distilled water 

 

The extract doses were administered using 

a special stomach tube with a smooth tip to 

protect the oral mucosa and esophagus from 

injury. Blood samples were then taken from 

the heart of the rats and biochemical 

parameters were measured. All the rats were 

sacrificed by administrating sodium 

pentobarbital (120 mg/kg, IP) on day 28, and 

then the blood samples were used for the 

respective tests. The samples were collected in 

plain tubes to obtain serum. The blood was left 

for one hour to clot and the tube was 

centrifuged at 3000 rpm for 15 min and the 

harvested serum was used for biochemical 

analysis. 
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2.4. Biochemical Parameters  

Most serum biochemical parameters 

including Blood Urea Nitrogen (BUN), urea, 

creatinine, glucose, aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), 

Gamma Glutamyl Transferase (GGT), serum 

total cholesterol, triglyceride, High-Density 

Lipoprotein (HDL) and total bilirubin levels 

were measured in the samples collected using 

commercial kits (Parsazmoon, Iran) and an 

autoanalyzer (BT 3000 Pluse, Italy).  

 

2.5. Statistical analysis 

The collected data were analyzed using 

SPSS software version 20 and expressed as 

means ± SD and were subjected to one-way 

analysis of variance (ANOVA) followed by 

post-hoc Tukey. The results are summarized in 

Table 2. Values were considered statistically 

significant at p < 0.05. 

 

The results are illustrated in Table 2. The fruit 

extract of the plant significantly decreased the 

serum concentrations of Glucose 

(162.75±31.76, 184.375±24.69), triglycerides 

(95.5±14.93, 60.375±22.15), BUN 

(18.25±3.28, 15.75±1.67), creatinine 

(0.4875±0.099, 0.437±0.074), urea 

(19.0875±7.035, 13.737±3.57), GGT 

(3.125±1.46, 2.375±0.744) and total bilirubin 

(0.2375±0.05, 0.275±0.046) at the two dose 

levels (in 200 and 400 mg/kg, respectively), 

(p<0.05). The 200mg/kg dose increased the 

HDL level significantly (49.625±2.72) 

(p<0.05). Pistacia khinjuk extract with 400 

mg/kg dose increased the HDL level, but it 

was not significant (44.75±1.49) (p>0.05). 

The 400 mg/kg dose decreased the 

concentrations of AST, ALT and cholesterol 

significantly (148.75±22.6, 15.75±1.67, 

42±4.44, respectively) (p<0.05). Although 

200 mg/kg dose of the extract also decreased 

cholesterol level, it was not significant 

(48.125±8.36) (p>0.05). 
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Table 2. The effect of hydroethanolic extract of Pistacia khinjuk on biochemical parameters in Wistar 

Parameters Control Kh200 Kh400 

Glu (mg/dl) 259.62±35.66 162.75±31.76* 184.375±24.69* 

Cho (mg/dl) 55.37±6.67 48.125±8.36 42±4.44* 

Tg (mg/dl) 126.12±35.69 95.5±14.93* 60.375±22.15* 

HDL (mg/dl) 39.75±6.75 49.625±2.72* 44.75±1.49 

AST (u/l) 191.75±41.4 157.125±17.95 148.75±22.6* 

ALT (u/l) 47.87±6.83 59.125±21.07 15.75±1.67* 

Tbili (mg/dl) 0.375±0.09 0.2375±0.05* 0.275±0.046* 

BUN (mg/dl) 22.5±3.34 18.25±3.28* 15.75±1.67* 

Crea (mg/dl) 1.45±0.81 0.4875±0.099* 0.437±0.074* 

Urea (mg/dl) 28.19±7.14 19.0875±7.035* 13.737±3.57* 

GGT (u/l) 4.75±1.49 3.125±1.46* 2.375±0.744* 

*: Significantly different from control group at P < 0.05. Kh200: Test group1, Kh400: Test group2, Kh: Chinju, 

Glu: Glucose, Cho: Cholesterol, Tg: triglyceride, HDL: High-density lipoproteins, AST: aspartate 

aminotransferase, ALT: alanine aminotransferase, Tbili: Total bilirubin BUN: Blood Urea Nitrogen, Crea: 

Creatinine, GGT: Gamma Glutamyl Transferase. 

4. Discussion  

According to WHO, more than 80% of the 

world’s population rely on traditional medicine 

for their primary healthcare needs [19]. Because 

of possessing low toxicity, low cost, high 

effectiveness, and high accessibility, plant 

extracts and their pure components promise the 

discovery of new drugs due to the presence of a 

variety of chemicals [17].  

Our findings revealed the glucose-lowering 

effect of Pistacia khinjuk extract in Wistar rats. 

Pistachio nuts have antioxidant properties that 

may contribute to antiglycemic effects. These 

properties may be due to their richness in natural 

phenolic compounds, aldohexose inhibition and 

the presence of magnesium (120 mg in 100 g 

pistachios) [7]. In agreement with our study, 

Misra et al., 2011 found that daily consumption 

of pistachios in healthy young men for 4 weeks 

decreased blood glucose significantly [20]. 

Ghaseminasab et al., 2015 showed that 

pistachios have a glucose-lowering and insulin-

lowering effect, promote a healthy metabolic 

profile and may reverse some metabolic adverse 

consequences of prediabetes [12]. 
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The results of this study showed that Pistacia 

khinjuk extract could decrease cholesterol and 

triglyceride levels and increase HDL levels. 

These effects were often attributed to the 

desirable fatty acid profile and the dietary fiber 

content of nuts [21]. Nuts are cholesterol-free, 

but their fatty fraction contains great amounts of 

chemically related noncholesterol sterols known 

as plant sterols or phytosterols. When 

phytosterols are present in sufficient amounts in 

the intestinal lumen, they interfere with 

cholesterol absorption and thus help lower blood 

cholesterol. The mechanism of action of 

phytosterols has been related to their 

hydrophobicity which is higher than cholesterol 

because of a large hydrocarbon molecule, 

entailing a higher affinity for micelles compared 

to cholesterol. Therefore, cholesterol is 

dislocated from micelles and the amount 

available for absorption is limited. Probably the 

phytosterol content of nuts is responsible for 

their cholesterol-lowering effect [22]. The low 

contents of saturated fatty acids may also play an 

important role in the putative blood-lipid-

lowering effect of pistachio nuts since it is now 

clearly established that partially replacing 

saturated fat with polyunsaturated or 

monounsaturated fat may lower LDL cholesterol 

concentrations and decrease the risk of 

cardiovascular disease, especially in men [23]. 

In agreement with our findings, Li et al., 2010 

showed that pistachio consumption decreased 

plasma triacylglycerols and reduced body 

weight when compared with a carbohydrate 

snack in obese individuals [24]. In addition, 

Askari et al., 2013 showed a significant link 

between high nut consumption and lower total 

cholesterol, triglyceride (TG) and low-density 

lipoprotein cholesterol (LDL-C) levels in female 

subjects and lower triglyceride and LDL-C in 

male subjects (P<0.05). They concluded that 

frequent consumption of nuts, particularly ≥ 4 

times a week, may result in lower dyslipidemia 

incidence and may display cardioprotective 

effects [25]. The Pistachio Khinjuk fruit extract 

may produce beneficial effects to prevent 

cardiovascular disease. However, further studies 

in these areas are necessary. 

Serum aminotransferases such as aspartate 

aminotransferase (AST) and alanine 

aminotransferase (ALT) are the markers for 

hepatocellular injury [26]. A high concentration 

of AST and ALT indicates tissue damage and 

changed membrane permeability [27]. The 

results of the present study indicated that oral 

administration of hydroalcoholic extract of 

Pistacia khinjuk in test group 2 (400 mg/kg dose) 

decreased liver functional factors, including 

serum ALT and AST levels remarkably. By 

reducing oxidative stress and inhibiting liver 

lipid peroxidation, Pistacia khinjuk extract can 

protect liver tissue from reactive oxygen species 

(ROS) damaging role, thereby reducing the ALT 

and AST activities in serum [28]. In fact, 

consumption of fruit of this plant can help the 

body to fight against continuously produced 

harmful free radicals and further potentiate 

scavenging capacity of the liver [29]. The 

antioxidant activity of methanolic extract of 

Pistacia khinjuk has been reported by Ahmed et 

al., 2017 [6]. In agreement with our results, 

Iranmanesh et al., 2016 evaluated the effects of 

pistachio vera hydro-alcoholic extract on carbon 

tetrachloride-induced hepatotoxicity in male 

rats. They reported that gavage of hydro-

alcoholic extract of Pistachio vera (10, 50, 100 

mg/kg) significantly decreased ALT and AST 

indices (p<0.05) [29]. 

Creatinine and blood urea nitrogen (BUN) are 

metabolic waste products eliminated from the 

blood by the kidneys [30]. Urea is the main 
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nitrogen-containing compound in the urine of 

mammals. When urea is high in the blood, it can 

cause tissue damage, e.g. haemorrhage [31]. The 

results of the present research showed a 

statistically significant decrease in urea, BUN 

and creatinine concentrations of treated rats 

compared to the control group (P<0.05). 

Because urea synthesis in the liver is the major 

pathway of nitrogen excretion released into the 

blood and excreted by kidneys, the reduction in 

animals receiving Pistacia khinjuk extract may 

be either due to a lower rate of urea synthesis in 

the liver or a higher rate of urea excretion in 

kidneys. Since large amounts of urea are 

passively reabsorbed from the medullary 

collecting duct, the reduction of BUN in animals 

receiving Pistacia khinjuk extract is interpreted 

as a mechanism of reabsorption inhibition of 

urea in nephrons [32]. Because serum creatinine 

is easily measured as a by-product of muscle 

metabolism, is excreted unchanged by the 

kidneys, and can overestimate renal function, it 

is an important indicator of renal health. When 

the kidney is deficient in its filtration ability, 

creatinine blood level increases. Since the result 

of this research showed a decrease in creatinine 

level, the extract is assumed to be 

nephroprotective. However, this decrease in 

creatinine level may be attributed to the 

chemical components of the extract such as 

flavonoids, which shows that the plant extract 

may have beneficial effects for the management 

of cardiovascular diseases and oxidative stress 

[31].  

Bilirubin (BR) is the breakdown product of 

the haem moiety of haemoglobin and other 

haemoproteins in mammals [33]. It transported 

to the liver by albumin for further metabolism. 

Pistacia khinjuk in both doses could reduce total 

bilirubin, suggesting that the compounds in this 

extract may have health benefits for the liver, 

improve its bilirubin conjugating property and 

help clear bilirubin from circulation. In fact, the 

following mechanisms could be suggested for 

the bilirubin-lowering potential of Pistacia 

khinjuk. Pistacia khinjuk extract might activate 

the Constitutive Andostane Receptor, a key 

regulator in the bilirubin clearance pathway, and 

increase the activity of glucuronyl transferases, 

the synthesis of ligandin, a transporter of 

bilirubin, and the conjugation of bilirubin in the 

liver. Also, Pistacia khinjuk extract may inhibit 

the activity of haem oxygenase, the rate-limiting 

enzyme of the bilirubin pathway [34]. In 

addition, the presence of glucosides in the 

extract might be converted to glucorunic acid for 

conjugating with bilirubin for excretion [11]. 

Gamma-glutamyltransferase (GGT) is a cell-

membrane bound enzyme with high secretory 

activity that is found in the liver, kidneys, and 

pancreas. Any damage to the plasma membrane 

causes the release of GGT into the serum. Serum 

GGT is an indicator of liver dysfunction and 

excessive alcohol consumption. Pistacia khinjuk 

extract significantly lowered the GGT level in 

both test groups, which indicates that the extract 

tends to prevent liver damage by maintaining the 

integrity of the plasma membrane [35,36].

5. Conclusion 

In conclusion, the results suggest that 

balanced consumption of Pistacia khinjuk nuts 

may be beneficial for reducing risk factors for 

diabetes and cardiovascular diseases, especially 

those related to hypercholesterolemia. Our 

results also provided scientific evidence on the 

use of Pistacia khinjuk as a nephro-protective, 

hepato-protective and cardio-protective agent. 
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