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Abstract 
The aim of this study is to investigate the antihyperlipidemic effect of Phytosterols fraction of Iraqi 
Rhus coriaria in high-fat diet (HFD)-fed mice. Animals were divided into four groups (n =8). The total 
duration of the study was 56 days split into two intervals. During the first 28-days interval, mice were 
administered with HFD, whereas during the second 28-days interval they were administered HFD 
plus phytosterol fraction (500mg/kg:p.o.) or the standard drug Atorvastatin (10mg/kg:p.o.). 
Phytosterols treatment to HFD-induced hyperlipidemic mice caused a high significant decrement in 
the levels of total cholesterol, triglycerides, LDL-C and VLDL-C. Moreover, phytosterols resulted in 
significant increase in the levels of HDL-C, whereas it caused remarkable decreases in ALT, AST 
and ALP enzymatic activities also in total serum bilirubin and albumin levels among hyperlipidemic 
mice. Besides that, Phytosterols treatment showed significant improvement in levels of tissue MDA 
and GSH in hyperlipidemic mice. Histopathological examination of hyperlipidemic mice showed a 
disorganized hepatic tissue, marked and diffused cytoplasmic fatty infiltration which was all 
ameliorated by Phytosterols administration. The results revealed that Phytosterols (500mg/kg;p.o.) 
possess potential ameliorating benefits against hyperlipidemia induced by HFD on lipid profile, liver 
function enzymes, oxidative stress parameters and hepatic histo-architecture. Further investigations 
are recommended and clinical trials are warranted to assess the efficacy and to fully dissect the mode 
of action underpinning the observed anti-hyperlipidemic effect of phytosterols. 
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Introduction 
yperlipidemia A rise in one or more 

components of the lipid profile and/or 
lipoprotein levels in the blood characterizes 
the medical condition known as 
hyperlipidemia, which includes a number 
of inherited and acquired disorders. As an 
alternative, a more objective definition of 
hyperlipidemia includes levels of low-
density lipoprotein (LDL), triglycerides 
(TG), total cholesterol, or lipoproteins that 
are more than 90 percent over the 
population average, or that are less than 10 
percent below the average for HDL. A wide 
range of trials and studies have consistently 
shown that people with elevated levels of 
LDL cholesterol are more likely to develop 
atherosclerotic plaques and subsequent 
vascular disease. 

On the other hand, high-density lipoprotein 
(HDL) cholesterol helps in regulating 
cholesterol levels to prevent imbalances that 
could lead to atherosclerotic vascular 
disease.  

The LDL cholesterol goal of each patient is 
determined by their overall cardiovascular 
risk, and each patient's medical treatment 
should be individualized. Managing risk 
factors, such as hyperlipidemia, to prevent 
the risk for atherosclerotic cardiovascular 
disease is referred to as "primary 
prevention[1].  

The choice of pharmaceutical treatment is 
based on the type of lipid abnormality. The 
drugs That Primarily Lower Atherogenic 
Cholesterol (LDL) are statins (the HMG-
CoA reductase inhibitors), ezetimibe, resins, 
PCSK9 inhibitors, and niacin. The fibric acid 
derivatives (Fibrates), Niacin (nicotinic acid) 
and Omega - 3 Polyunsaturated Fatty Acids  
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(PUFA) are most effective at lowering TG and VLDL 
concentrations and increasing HDL cholesterol 
concentrations [2, 3].  

Most of these drugs are linked with a number of adverse 
side effects including muscle-related complaints such as 
(myalgia, cramp, myopathy and rhabdomyolysis), 
flushing, dry skin, diarrhea, abnormal liver function, gall 
stone, gastric irritation and may provoke renal failure. 
Therefore, the development of promising new lipid-
lowering agents alternatives to allopathic drugs is 
needed [4]. Rhus coriaria (Sumac) is a commonly used as 
a spice in the Middle East [5].  

Sumac is the common name for the spice product of the 
Rhus coriaria plant, which belongs to the family 
Anacardiaceae and the genus Rhus [6]. It is grown in 
north of Iraq, like Sulaimani, Kirkuk. Erbil, Duhok, and 
Ninawa. The plants have many pharmacological 
properties, including antimicrobial, wound healing, 
antidepressant, diabetic, antirheumatic, antiseptic, anti-
inflammatory, antifungal, and antiulcer properties [7, 8].  

Phytosterols: Also known as plant sterols and stanols, 
are natural steroids that can be found in a wide variety 
of plant parts, such as the roots, stems, leaves, flowers, 
fruits, and whole grasses. They play a significant role in 
the cell membranes of plant cells. Phytosterols have 
ability to lower plasma levels of cholesterol and low-
density lipoprotein cholesterol (LDL-C) and may have 
clinical application for the prevention of cardiovascular 
diseases (CVDs) and non-alcoholic fatty liver disease 
(NAFLD) [9]. The present study was planned to 
investigate the antihyperlipidemic effect of Phytosterols 
fraction of Iraqi Rhus coriaria in mice. 

Material and Methods 

Plant Material 
The whole plant of Rhus coriaria fruit was collected from 
the north of Erbil in rawendos in April 2020. The 
collected plant cleaned, dried at room temperature in a 
shade area, then pulverized by mechanical mills and 
weighted[5, 10].  

Plant Experiment Work 
It was done in the phototherapy laboratory of 
pharmacological Department/ Pharmacy College of 
Baghdad University. The plant of Rhus coriaria were 
collected and treated as follows:   

Extraction and Fractionation of Different Active 
Constituents 
A (400gm) of shade-dried coarsely powdered plant 
materials were defatted with hexane for 24 hours then 
allowed to dry at room temperature (25  هC). The defatted 
plant materials were extracted with (2 L) of 85% ethanol 
in soxhlet apparatus until complete exhaustion. The 
alcoholic extract was evaporated to dryness, under 

reduced pressure at a temperature not exceeding 40 هC 
to give a dark greenish-yellow residue designated as a 
crude fraction 1 (F-A). Crude fraction was acidified with 
300ml of 5% hydrochloric acid to pH 2 and partitioned 
(three times) with equal volume of ethyl acetate to get 
two layers (aqueous acidic and ethyl acetate layer), this 
step is necessary to get rid from any basic com- pound 
found in the crude extract.  

The ethyl acetate layer of the original alcoholic extract 
(crude fraction) was evaporated to dryness under 
reduced pressure and basify with 300ml of 5% sodium 
hydroxide to pH 10 and extracted with chloroform in the 
separatory funnel to get two layers, the aqueous basic 
layer which was separated, evaporated to dryness and 
acidify with 5% HCL to pH 2 then extracted with ethyl 
acetate to get fraction designated as fraction 2 (F-B) 
phenolics and fraction 3 (F-C) neutral phytosterols [11].    

Preliminary Qualitative Phytochemical Analysis 
Chemical tests were carried out using the ethanol extract 
from plant and its methanol fraction; we used standard 
procedures to identify the active constituents [12]. Tests 
for steroids: H2SO4 test: The development of a greenish 
color was considered as indication for the presence of 
steroids, when 2 ml of the extract and fractions were 
treated with sulphuric and acetic acids. 

Identification and Characterization of the Isolated 
Phytosterol Fraction by using HPLC 
High performance liquid chromatography or commonly 
known as HPLC is an analytical technique used to 
separate, identify or quantify each component in a 
mixture. The mixture is separated using the basic 
principle of column chromatography and then identified 
and quantified by spectroscopy.  

Animal Experiment Work 
The study was conducted from September 2022 through 
July 2023 at the department of pharmacology–College of 
Medicine /AL Nahrain University. The experiments 
were approved by the Ethical Committee at the College 
of Medicine /AL Nahrain University.  

Thirty-two apparently healthy, albino male mice 2-3 
months’ age, weight about 20-30g, were obtained from 
the Higher Institute for Diagnosis of Infertility and 
Assisted Reproduction Techniques/AL Nahrain 
University. The animals were acclimatized in standard 
environmental conditions and fed with food and water 
ad libtum for a week before commencement of the 
experiment.   

Induction of Hyperlipidemia 
High Fat Diet (2% cholesterol and 1% peanut butter) was 
added to the standard diet (Seeds as sunflower and 
groundnut, Cereals, Fruits as grapes and apple, 
Vegetables, Vitamin as A, E and D3) in order to induce 
hyperlipidemia for 28 days [13].Body weights were 
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measured weekly for all groups.  

Extract Administrant 
phytosterol fraction of Iraqi Rhus coriaria was 
administered via intragastric tube for 28 days [13].   

Preparation of Drugs 
Phytosterol fraction and atorvastatin solution was 
prepared by being dissolved in 2% ethanol and diluted 
with distal water to the desired volume. 

Experimental Design 
 The mice were divided into 4 groups, 8 mice each group 
[14]:  
Group 1 (normal): standard diet for 28 days.   
Group 2 (induced): High-Fat Diet HFD for 28 days.  
Group 3 (treated): HFD for 28 days then atorvastatin 10 
mg/kg for further 28 days.  
Group 4: HFD for 28 days then phytosterols fraction of 
Rhus coriaria at dose of 500 mg/kg for further 28 days.  

Blood Collection 
Mice were kept fasting for 24 hrs and blood samples 
were extracted via heart puncture. This was followed by 
centrifugation at 3000 rpm for15 min at room 
temperature. The obtained serum was used for the 
biochemical analysis of lipid profile indices and liver 
function enzymes. 

Biochemical Analysis 

The Biochemical Analysis of Lipid Profile Indices 
and Liver Function Enzymes  
The standard diagnostic kits were used for estimation of 
serum total cholesterol (TC), triglyceride (TG), LDL, 
VLDL, HDL, ALT, AST, ALP, and total serum bilirubin 
(TSB)levels by using auto analyzer [15].  

Measurement of Oxidative Stress 
At the end of the experimental period and after blood 
sampling, animals were sacrificed and the liver organ 
was removed for analysis and divided into two parts for 
assay. For oxidative stress measurement, the samples of 
MDA and glutathione were prepared from 

homogenization of first part of liver tissue, after that, 
centrifuged homogenates for 15 minutes 5000 rpm. The 
standard diagnostic kits were used for assay of tissue 
MDA and GSH level. This assay utilizes the competitive 
inhibition enzyme immunoassay technique [16, 17].   

Histopathological Examination 
After the animals were sacrificed, the liver was 
harvested from the mice and instantly fixed in a 10% 
formalin solution, then. embedded with paraffin. After 
routine processing, paraffin sections of each tissue were 
cut into 5 μm thickness and stained with hematoxylin 
and eosin (H&E) for histological examination [10]. 

Statistical Analysis 
Data entry and analysis were performed using Microsoft 
Excel 2010 and SPSS version 26. Continuous variables 
were expressed as mean SD. Categorical variables were 
presented as frequencies and percentages using the Chi-
square test. The Test of Normality (Shapiro-Wilk) 
showed that the data were non-normally distributed, so 
a non-parametric test (Mann-Whitney) was used instead 
of parametric tests (independent t-test and one-way 
ANOVA). The level of significance was considered when 
the P value was less than 0.05[18]. 

Results 

Changes in Lipid Profile Among the Experimental 
Animal Groups: 
According to the findings in Table 1, in the induced(non-
treated) group it can be shown that feeding mice a high-
fat diet led to hyperlipidemia. Both groups treated with 
atorvastatin (10mg/kg; p.o.) and phytosterol fraction 
(500mg/kg; p.o.) showed statistically significant decrease 
in the serum level of cholesterol, TG, LDL, VLDL with a 
significant increase in the level of HDL (p<0.05) in both 
groups when compared with the induced (non-treated) 
group.  

In comparison with the atorvastatin-treated group, the 
phytosterol fraction-treated group showed a statistically 
highly significant(p<0.001) decrease in TC, TG and 
VLDL with non-significant differences in LDL and HDL. 

Table (1): Serum lipid profile analysis of the animal groups 
Animal Groups Serum Lipid Profile Analysis (mg/dl) 

Cholesterol TG LDL VLDL HDL 
Control (Apparently 
Healthy) 

128.75 +17.16 
 

173.28 +19.29 
 

56.12 + 17.85 
 

34.66 + 3.86 
 

37.98 + 1.19 
 

Induced (non-treated) 280.36 + 17.58** 238.67 + 11.05* 209.17 + 16.88** 47.73 +  
2.21* 

23.46 + 
 2.32* 

Atorvastatin 
(10mg/kg/day) 

171.6 + 3.56 a** 189.88 + 14.86 a** 99.68 + 6.25 a** 38.35 + 3.32 a** 29.82 + 2.27 a* 

Phytosterol 
(500mg/kg/day) 

158.76 + 1.01 a,b** 173.03 + 8.36 a,b** 94.9 + 3.22 a**bNS 34.61 + 1.67 a,b** 29.25 + 3.34 a*bNS 

Results are expressed as mean + SD, (n=8), and the level of significance was set at (P≤0.05). * Represents significance (P≤0.05 & ≤0.01), ** 
represents high significance (P≤0.001). (a) represents a comparison between the control (apparently healthy) group and the induced (non-

treated) group. (b) represents a comparison between the Induction group and other treated groups, (c) represents a comparison between the 
Induced treated with atorvastatin group and the Induced treated with phytosterol fraction. 

TG= triglyceride, VLDL= very low-density lipoprotein, LDL= low-density lipoprotein, HDL= high-density lipoprotein, SD= standard deviation 
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Figure (1): Lipid profile analysis of the animal groups. 

Results are expressed as mean + SD, (n=8), and the level of significance was set at (P≤0.05). TG= triglyceride, VLDL= very low-density 
lipoprotein, LDL= low-density lipoprotein, HDL= high-density lipoprotein, SD= standard deviation 

Changes in Liver Function Parameters Among 
Experimental Animal Groups: 
The result of the study shows a highly significant 
increase (p<0.001) in serum level of ALP with a 
significant increase (p<0.05) in ALT, AST, albumin, and 
TSB among the induced (non-treated) group in 
comparison with the apparently healthy control group. 

On the other hands, both groups treated with 

atorvastatin and phytosterol fraction showed 
statistically significant decrease in the serum level of 
ALP, ALT, AST, albumin, and TSB levels compared to 
the induced (non-treated) group (p<0.05). In comparison 
with the atorvastatin-treated group, the phytosterol 
fraction-treated group shows a statistically highly 
significant(p<0.001) decrease in ALT and AST with non-
significant differences in ALP, TSB, and albumin levels 
Table 2. 

Table (2): Changes in liver function parameters among animal groups. 
Animal Groups Liver Function Test  

ALT (u/L) AST (u/L) ALP (u/L) Albumin (u/L) TSB (mg/dl) 
Control (Apparently 
Healthy) 

37.62 + 2.22 
 

38.03 + 1.23 
 

21.52 + 3.01 
 

5.4 + 0.23 
 

0.68 + 0.03 
 

Induced (non-
treated) 

45.18 + 2.85* 44.94 + 2.07* 50.87 +1.95** 6.61 + 0.29* 1.69 + 0.12* 

Atorvastatin 
(10mg/kg/day) 

37.02 + 2.06 a** 38.25 + 1.72 a** 31.34 + 5.26 a** 5.51 + 0.23 a** 0.8 + 0.07 
 a** 

Phytosterol 
(500mg/kg/day) 

34.29 + 2.45 a**, b* 35.74 + 1.35 a,b** 30.71 + 3.55 a**bNS 5.03 + 0.38 a**bNS 0.75 + 0.12 a**bNS 

Results are expressed as mean + SD, (n=8), and the level of significance was set at (P≤0.05). * Represents significance (P≤0.05 & ≤0.01), ** 
represents high significance (P≤0.001). (a) represents a comparison between the control (apparently healthy) group and the induced (non-

treated) group. (b) represents a comparison between the Induction group and other treated groups, (c) represents a comparison between the 
Induced treated with atorvastatin group and the Induced treated with phytosterol fraction. AST= Aspartate Aminotransferase, ALT= Alanine 

Transaminase, TSB= total serum bilirubin, ALP= Alkaline Phosphatase, SD= standard deviation. 

 
Figure (2): Changes in liver function parameters including (ALT, AST, ALP, and Albumin) among animal groups. 

Results are expressed as mean + SD, (n=8), and the level of significance was set at (P≤0.05). AST= Aspartate Aminotransferase, ALT= Alanine 
Transaminase, ALP= Alkaline Phosphatase, SD= standard deviation 
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Figure (3.3): Changes in total serum bilirubin (TSB) levels among animal groups as a parameter of liver function. 

Results are expressed as mean + SD, (n=8), and the level of significance was set at (P≤0.05). * Represents significance (P≤0.05 & ≤0.01), ** 
represents high significance (P≤0.001). 

Changes in Oxidative Stress Parameters Among 
Experimental Animal Groups 
In Table 3, The MDA shows a significantly increased 
with a highly significant decrease in GSH in the induced 
(non-treated) group when compared with the normal 
(apparently healthy) group.  

While atorvastatin and phytosterol fraction-treated 

groups show a significant decrease in MDA with a 
significant increase in GSH when compared with the 
induced (non-treated) group.  

The phytosterol fraction-treated group shows a highly 
significant decrease in MDA with a highly significant 
increase in GSH in compared to atorvastatin-treated 
group.  

Table (3): Changes in oxidative stress markers among animal groups 
Animal Groups Oxidative Stress Analysis 

MDA (nmol/ml) GSH (u/ml) 
Control (Apparently Healthy) 229.95 + 9.61 48.62 + 5.11 
Induced (non-treated) 475.98 + 44.02* 11.65 + 0.78** 
Atorvastatin 
(10mg/kg/day) 

334.41 + 11.15 a** 26.51 + 2.85 a** 

Phytosterol 
(500mg/kg/day) 

227.53 + 3.45 a,b** 32.85 + 2.03 a, b** 

Results are expressed as mean + SD, (n=8), and the level of significance was set at (P≤0.05). * Represents significance (P≤0.05 & ≤0.01), ** 
represents high significance (P≤0.001). (a) represents a comparison between the control (apparently healthy) group and the induced (non-

treated) group. (b) represents a comparison between the Induction group and other treated groups, (c) represents a comparison between the 
Induced treated with atorvastatin group and the Induced treated with phytosterol fraction. MDA= Malondialdehyde, GSH= Glutathione 

peroxidase, SD= standard deviation 

 
            (A)       (B) 

Figure (3.4): Changes in oxidative stress markers among animal groups. (A) changes in the level of serum glutathione (GSH), (B) changes in 
the level of malondialdehyde (MDA) 

Results are expressed as mean + SD, (n=8), and the level of significance was set at (P≤0.05). 
* Represents significance (P≤0.05 & ≤0.01), ** represents high significance (P≤0.001). 
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Histopathological Examination of the Liver: 
In the current study, in induced (non-treated) group 
showed significant changes in the liver section, such as 

moderate steatosis and inflammation in the induced 
non-treated group when compared with the control 
(apparently healthy) group, as shown in image 4.1 

 

 
Image (4.1): Histopathological examination of mice liver. (A) normal control group, (B) induced non-treated group, (C) induced treated with 

atorvastatin, (D) induced treated with phytosterol fraction  
Red arrow-level of steatosis, Green arrow-level of inflammation (H&E stain, 400X & 200X)

Discussion  
Hyperlipidemia is the pathological state characterized 
by high levels of serum cholesterol and triglycerides and 
it is  a major risk factor for cardiovascular disease and it 
present in most patients with myocardial infarction [16]. 

Currently available practical strategies to control 
hyperlipidemia include the reduction in both 
productions of lipids, and their gut absorption using 
synthetic therapeutic and herbal agents such as statins, 
bile acid sequestrants and fibrates. However, the use of 
these agents faced a series of negative and recurrent side 
effects, most notably elevated risk of gallstone 
formation, myopathy, and rhabdomyolysis. Hence, 
developing original and effective antihyperlipidemic 

therapeutic agents with minimal undesired side effects 
is urgently required [19]. The opportunity of treating 
variety of pathological conditions using herbal products 
and medicinal plants is a rising trend in recent years as 
they had as safer, well-tolerated therapeutic spectrum 
with minimal side effects in comparison to synthetic 
drugs [20].  

In this study, the extraction process of the plant done 
sequentially according to solubility and polarity of the 
active constituents which has been extracted and 
isolated to be ready for use in the experiments to assess 
their hypolipidemic activity [21]. 
The current study revealed that serum levels of 
(cholesterol, TG, LDL, and VLDL) showed a marked 
significance elevation among induced (non-treated) 

https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=2718
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animals while serum level of HDL show significant 
decrease in this group. These changes observed in 
hyperlipidemic group can be explained by the high fat 
diet induced hyperlipidemia by disturbing lipid 
metabolism, mainly by decreasing β-oxidation and 
increasing cholesterol synthesis and oxidative stress by 
decreasing free radical scavenger enzyme gene 
expression [22].The dramatic increase in parameters of 
lipid profile in the current study is attributed to the way 
in which mice respond to a high cholesterol diet. As the 
cholesterol intake increase, bile acids reabsorption will 
also increase which leads to increase its liver uptake [23] 
Also, increase serum concentrations of total cholesterol, 
triacylglycerol, and low-density lipoprotein cholesterol 
in addition to decreased lipoprotein lipase activity, 
accompanied by a depressed antioxidant defense system 
[24]. Phytosterol fraction in the current study was 
significantly able to reduce serum levels of (cholesterol, 
TG, LDL, and VLDL) in a comparable result to 
atorvastatin with significant elevation in HDL. The 
reduction of TC, TG, LDL and VLDL through inhibition 
of pancreatic lipase which responsible of liberation of 
triglyceride into fatty acids and glycerol [25]. The 
inhibition of this enzyme by phytosterols could be a key 
for controlling hyperlipidemia and obesity through 
suppression and delay of digestion and absorption of TG 
[26]. The successful treatment with statin is agreed by [27] 
when they used HFD-induced hyperlipidemia in one of 
mice group, a significant rise in a lipid profile marker. 

Serum levels of liver enzymes (AST, ALP and ALT) in 
the current study were significantly increased among the 
induced (non-treated) group in comparison with the 
apparently healthy control group due to the disturbance 
of lipid metabolism because of high fat intake, resulting 
in accumulation of TG in liver and an increased 
increment of the liver index, and hepatic steatosis 
occurred since the liver has a crucial role in regulating 
plasma lipid level [28]. also due to excess reactive oxygen 
species (ROS) production in the mitochondria as a result 
of lipid overload. The ROS cause hepatic inflammation 
by activation cytokines.  

Consequently, ROS and inflammatory cytokines with 
the excess lipid infiltration, resulted in a condition of 
liver toxicity. Hence, the liver function markers (AST, 
ALP and ALT) showed leakage in the serum and 
indicated liver damage of the hepatic cells. Animal 
groups treated with atorvastatin, statistically significant 
reduction in levels of liver enzymes. Statins have strong 
lipid lowering effect which exerted through inhibition of 
hepatic (HMG-COA reductase inhibitor) which consider 
the rate-limiting step of cholesterol synthesis [29]. 
Phytosterol chemically acts as an antioxidant, a modest 
radical scavenger [30]. Malondialdehyde (MDA), which is 
a product of lipid  peroxidation or reaction of oxygen 
with unsaturated lipids [31], were highly significant 
increase in induced (hyperlipidemic) mice. Glutathione 
is an intracellular hydrophilic antioxidant and most 
important endogenous defense mechanism against 

oxidative stress in body and it plays essential role in 
maintenance of membrane protein -SH groups in the 
reduced form, the oxidation of which can cause altered 
cellular function and structure [32]. 

phytosterol fraction was able to reduce level of MDA 
while elevating the level of GSH in comparison to 
atorvastatin-treated group. This result accords well with 
Zhao et al study, who had indicated that Phytosterols 
increased serum GSH hepatic activities of Partridge 
Shank chickens at 21 days. Furthermore, [33] reported that 
dietary β-sitosterol increased intestinal GSH and CAT 
activities, and reduced MDA content in broilers. 
histopathological examination of mice liver treated with 
phytosterols showed nearly normal liver tissue. 
Mirenayat et al, [34] study found that histopathological 
observations had demonstrated that RC phytosterol 
extract ameliorated grade-1 hepatic steatosis induced by 
high fat diet and introducing RC as a future potential 
therapeutic agent in treating different grades of hepatic 
steatosis and reducing oxidative damages of a high fat 
diet on the liver. 
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