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ABSTRACT 

Objective: Aerial parts of Zygophyllum simplex are often used for the medical treatment of 

skin’s horny patches and as an analgesic, anti-inflammatory and anthelmintic due to its 

unique bioactivities. 

Method: The antihyperlipidemic and antioxidant effects of the ethanolic extract of Z. simplex 

leaves in high-fat diet (HFD) induced hyperlipidemic rats were examined. Fifty male Wistar 

rats (divided in five diet groups of 10) were adapted to a normal standard diet (NSD) or a 

high fat diet (HFD) with or without the treatment of Z. simplex samples for 30 days.  

Results: The treatments at doses of (250 and 500 mg/kg) oral administration of Z. simplex to 

hyperlipidemia rats were appreciably effective in decreasing the levels of serum total 

cholesterol (TC), low-density lipoprotein cholesterol (LDL-c), triacylglycerols (TG) and 

tissue lipid accumulation while increasing the levels of serum high-density lipoprotein-

cholesterol (HDL-c), adjusting the metabolic disturbance of lipoprotein and increasing the 

antioxidant enzyme activity and repressing the development of atherosclerosis.  

Conclusion: our findings suggest that Z. simplex could be of great therapeutic potential for 

the treatment of hyperlipidemia disease and offers a promising new natural additive to food 

or water to relieve illness or prevent disease. 

Keywords: Zygophyllum simplex, anti-hyperlipidemic activity, triglyceride, cholesterol, 

high cholesterol diet induced hyperlipidemia 

1. INTRODUCTION 

The disease of coronary artery is among the 

primary reason for mortality and morbidity 

worldwide. A report released in 2012 

revealed that over three million deaths or 

26% of total deaths per year have been 

associated with this condition [1,2]. The 

major risk factors for the development of 

cardiovascular disease are hyper 

triglyceridemia and hypercholesterolemia. 

Thus, it has been found that reducing the 

cholesterol level in plasma has an effective 

role in treating atherosclerosis [3,4].  

Numerous chemical drugs, for instance 

statins and fibrates, are categorized by a 

good efficacy and a high lipid -lowering 

speed [5]. Nevertheless, the demand for 

treatment using these chemicals cannot be 

met because of the diversity of 

hyperlipidemia patients, some potential 

adverse effects and the possibility of 

patients to become drug dependence [6]. In 

contrast, plant materials and its extracts 

have been distinguished by their negligible 

side effects and several targets in 

preventing and curing hyperlipidemia [7]. 
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Plants with their different varieties and 

active constituents have been applied 

extensively in several countries as folklore 

medicines and traditional remedies for the 

reputable treatment of hyperlipidemias. 

Recently, researchers are continuously 

focusing on finding appropriate 

antihyperlipidemic agents from plants as 

they are less toxic than the presently used 

drugs, easily absorbed and readily available 

[4,8].  

The Zygophyllum genus is the major genus 

of Zygophyllaceae which comprises around 

100 known species from the area around 

Mediterranean Sea to Middle Asia, South 

Africa and Australia regions [9]. The aerial 

parts of Zygophyllum simplex are often 

used for the medical treatment of skin’s 

horny patches and as an analgesic, anti-

inflammatory and anthelmintic due to its 

unique bioactivities. It comprises under-

shrubs or perennial shrubs with succulent 

cylindrical seldom flattened leaves, 1-2 

foliate or simple [10,11].  

The Seven types of Zygophyllum that grow 

in Saudi Arabia are Zygophyllum album, Z. 

migahidii, Z. gaetulum, Z. coccineum, Z. 

decumbens, Z. mandavillei and Z. simplex 

[12].  Zygophyllum simplex Linn 

completes its entire life cycle within the 

space of a year and it is 8-20 cm tall, 

suberect to procumbent, glabrous herb and 

profusely branched. Its branches and stem 

are purplish or pale-green, minutely striate, 

leaves simple and succulent; seeds fusiform 

and smooth. It is spread in Saudi Arabia, 

Pakistan, Rajasthan, Egypt, Kutch area of 

Gujarat and South-West Africa [13,14]. 

The juice extracted from Z. simplex serves 

as an antiseptic and in the treatment of skin 

horny patches [15,16]. Zygophyllum 

simplex may be used as an analgesic and its 

seeds are anthelmintic [17]. anti-

inflammatory [18], and  hepatoprotective 

[19].  

Since that, the goal of this study was to 

investigate the antihyperlipidemic and 

antioxidant effects of the ethanolic extract 

of Z. simplex leaves in high-fat diet (HFD) 

induced hyperlipidemic rats.   

2. MATERIALS AND METHODS 

2.1 Plant material 

During the flowering stage in Al-Madinah 

Al-Munawwarah, fresh aerial parts of Z. 

simplex L. (Zygophyllaceae) were 

collected. Prof. Soliman Haroun from 

Floriculture and Medicinal plants, 

Department of Biology, Faculty of Science, 

Taibah University, Al-Madinah Al-

Munawwarah, Saudi Arabia established the 

identity of the plants. The ethanolic extract 

of Z. simplex was prepared by soaking 100 

g air dried powder of aerial plant parts in 1 

L of 70% ethanol at 45 ºC for 2 days. Next, 

to remove particulate matters the mixture 

was filtered and lyophilized. This resulted 
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in a powder of (22 g) which was stored at -

20 °C until usage [20,21]. 

The chemical components of aqueous 

extract of Z. simplex were separated and 

screened using a thin layer chromatography 

according to the specification method of 

Wagner and Bladt method [22,23]. A 

standard reference solution containing 

quercetin (Merck, USA), eucalyptol 

(Fluka), rutin (Fluka, USA), menthol 

(Fluka, USA),  chlorogenic acid (Merck, 

USA), hiperoside (Merck, USA), coumarin 

(Fluka, USA) and caffeic acid (Merck, 

USA) was prepared. 

2.2 Experimental animal 

Before the experiments were initiated on 

animals an ethical approval was acquired 

from the Institutional Animal Care and Use 

Committee (IACUC) outlined by Faculty of 

Science, Taibah University, Saudi arabia 

(6/1437). Fifty mature of male Wistar rats 

(Rattus norvegicus) that weigh 200-250 g 

were offered by the animal house. The rats 

were separately housed in cages and 

preserved under restrained environmentally 

friendly conditions with relative humidity 

(45-55%), temperature (20±2 EC) and 12 

hours light/dark cycle. All rats were fed, 

under strict hygienic conditions and set 

criteria, with water ad libitum and rodent 

pellet diet after a week of acclimatization 

[24,25]. The rats were arbitrarily 

distributed into three various groups, for 

each having ten rats. 

2.3 Determination of LD50 

The calculation of LD50 represents the 

potential acute toxicity of plants dose 

which can be lethal to 50% of any rats 

group [26]. In this experiment, the LD50 in 

rats was experimented to evaluate the 

suitable dose that should be applied. Thus, 

24 albino rats were dispersed into 4 

different groups each one contained 6 rats 

(300 g). Each dosage of ethanolic extract of 

Z. simplex aerial part viz., 200, 400, 600, 

1000, 3000, 4000 and 5000 µg was 

dissolved in a 0.2 mL of a normal brine 

solution of 0.9% NaCl and directed 

intraperitoneally to every corresponding rat 

in a group. Then, in transparent plastic 

cages rats were housed and monitored for 

any toxic symptoms under temperature 

control (24°C) for 24 h.  The quantity of 

dead rats was counted in every group after 

24 h and the mortality percentage was 

determined. Six controlled rats which 

received only 1 mL of distilled water 

through an intraperitoneal infusion were 

compared with treated rats under the same 

experimental condition [24,27,28]. 

2.4 Experimental design 

Before the experiments were established, 

rats under the experimental condition were 

fed with a basic diet for a week. After 

adaptation, ten rats were randomly 
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nominated as the normal control group 

(NC). These were fed with a basic diet as a 

standard chow diet where the others fed 

with a high-fat diet HFD as presented in 

Table 1.  

This consisting of standard chow 

supplemented with cholesterol (350 

mg/kg/day) (Oxford Lab, Mumbai, India), 

dissolved in cottonseed oil for 30 days. 

This dose was proved to induce 

hypercholesterolemia [29]. On the other 

hand, cotton seed oil is natural oil that 

contains a high proportion of 

polyunsaturated fatty acids and proved to 

have no effects on the tissues [30].  

Hypercholesterolemic rats were, then, 

divided by random into four treatment 

groups according to the following schedule: 

Group 1 (control group): fed a standard 

pellet 100 g/kg/d. 

Group 2 (HCD): fed a HCD and received 

no additional treatment. 

Group 3 (SIM): HCD received simvastatin 

at doses of 10 mg/kg (23Zhang et al., 

2009). 

Group 4 (EA 250): HCD received 250 

mg/kg Z. simplex extract 

Group 5 (EA 500): HCD received 500 

mg/kg Z. simplex extract 

During treatment, all animals continued to 

receive the HCD. Animals were treated 

once daily for 30 days by oral gavages. 

After 12 h of fasting, from the completion 

time of the experiment, chloral hydrate was 

used to anesthetize animals via intra-

abdominal approach. To avoid circadian in 

total groups, animals were sacrificed at the 

same period of the day [31]. 

Cardiac puncture was used to collect blood 

samples when after 30 min from collection 

they were centrifuged at 2000×g for 15 min 

and stored at -20 EC until usage. The liver, 

heart and aorta were gathered and then 

washed from fats. Then, they were adhered 

to the connective tissue, weighed and kept 

at a proper storage condition at -20 ºC until 

usage. Blood samples were centrifuged at 

3000 rpm for 15 min to obtain serum [32]. 

2.5 Body and organ weights 

Measurement of body weight changes 

(∆wt) of rats in each group were calculated 

and expressed in percentage (%) as shown:  

(Body weight on day 30-body weight on 

day1)/(Body weight on day 1) 100. The 

absolute liver weight of each rat group was 

measured using an electronic weighing 

balance, from which the relative liver 

weight per 100 g body weight of rat was 

calculated according to the following 

equation : [Weight of rat liver (g)/body 

weight on day 30 (g)] 100.  

2.6. Blood biochemical analysis 

Serum obtained was used to examine the 

following: 

The levels of serum triglycerides (TG), 

total cholesterol (TC), high-density 
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lipoprotein-cholesterol (HDL-c) and low-

density lipoprotein-cholesterol (LDL-c) 

were determined according to the 

manufacturer’s instructions using technical 

kits (purchased from Jian cheng Biotech. 

Sci. Inc., Nanjing, China). The following 

equation was used to calculate the 

arteriosclerosis index (AI): AI = TC-HDL-c 

/HDL-c. 

2.7. Statistical analysis: 

Statistical Package of Social Sciences 

(SPSS), version 17 program was used to 

analyse data which expressed as mean ± 

SEM (Chicago, IL, USA). Comparisons 

between groups for all parameters were 

conducted using Dunnat’s multiple 

comparison tests followed by one-way 

analysis of variance (ANOVA) [33]. The 

reported P values were two-tailed (P <0.05) 

considered significant. 

3. RESULTS 

3.1. Phytochemical study 

Seventeen analytes belonging to different 

chemical classes were isolated from the 

aerial parts of Z. simplex using the 

phytochemical methods. Preliminary 

screening of the isolated compounds 

exposed the existence of flavonoids, 

saponins and alkaloids as main 

constituents. The existence of triterpenes 

and/or sterols, coumarins, glycosides and/or 

carbohydrates, cardiac glycosides and/or 

tannins was also recorded. 

3.2. Toxicity study 

The extract of Zygophyllum simplex 

showed a non-toxic nature of lower doses 

until reaching the level of 1000 mg/kg. 

Throughout the entire period of the 

experiment, rats did not display any drug-

induced physical symptoms of toxicity and 

no deceases were observed [34]. 

3.3. Effect of Z. simplex ethanolic extract 

on body weight  

The body weight changes and relative liver 

weight of the studied rats after 30 days 

were shown in Table 2. HD caused 

increasing in the body weight of the studied 

rats which could be seen from the relatively 

higher weight gained among all the rats fed 

with HD either with or without treatment 

(Group 2- Group 5). However, no 

significant difference (P>0.05) in weight 

gained among all the HD fed rat groups 

with the normal standard diet control rats 

was observed except for Group 3. 

Treatment of 40 mg/ kg/ day of simvastatin 

caused a significant weight gained in the 

studied rats; which was significantly higher 

(P>0.05) than the normal standard diet 

control rats. 

The reduction in the body weights was not 

significant in rats nourished with 

cholesterol diet and later treated with SIM 

and Z. simplex extract (Groups 4 and 5) 

compared to the primary body weights. 



Haytham M. Daradka et al                                                                                                    Research Article 
 

 
2420 

IJBPAS, December 2017, 6(12) 

liver weight had increased considerably in 

cholesterol fed rats (Table 2).  

3.4. Effect of Z. simplex extracts on serum 

lipid profile and atherosclerosis index  

In the present study, the results obtained 

from exclusive high cholesterol fed rats 

were compared with those of the normal 

group. The values of the groups that were 

fed HCD plus extract of Z. simplex leaves 

were compared with those of HCD group. 

In Table 3, a significant increased was 

observed in serum cholesterol in treated 

rats fed with atherogenic diet. It also shows 

a significant increase in TC, TG and LDL-

C while a non-significant decrease was 

observed in HDL-C in HCD group as 

compared to control group. 

SIM ameliorated significantly dyslipidemia 

whereas serum HDL-C slightly increased in 

rats treated with SIM. On the other hand, 

Zygophyllum simplex reduced the serum 

level of LDL-C, TG and TC in comparison 

to HCD group. Additionally, the difference 

in the calculated atherosclerosis index 

between the treated groups and the HCD 

group was significant (P< 0.05). 

3.5. Effect of Z. simplex extracts on liver 

Nourishing of the HCD for 8 weeks 

brought about a non-noteworthy increment 

in the levels of serum of ALP, AST and 

ALT when compared with the normal 

control group. SIM and Zygophyllum 

simplex extracts showed non-significant 

changes in these levels (Table 4). 

Hypercholesterolemic rats also showed a 

non-significant change in serum creatinine, 

BUN and total protein when compared to 

normal controls. In addition, non-

significant changes in serum levels were 

observed in SIM and Zygophyllum simplex 

extracts which were orally administered 

(Table 4). 

4. DISCUSSION 

Male Wistar rats were used in the in vivo 

cholesterol-lowering assay was done to 

avoid the effects of hormonal factors in 

developing metabolic diseases, i.e., type 2 

diabetes and insulin resistance [35]. The 10 

mg/kg bw was the chosen dose of the 

Simvastatin as adopted from the established 

protocol for the determination of lipid-

lowering property of plant samples in rats 

[36]. The 250 mg/kg bw served as the 

lower dose limit, while the 500 mg/kg bw 

was the upper limit dose. The serum 

cholesterol, triglycerides, low-density 

lipoproteins and high-density lipoproteins 

were monitored weekly for two weeks to 

determine if the effect of the crude extract 

is time-dependent [37,38].  

Cholesterol feeding has often been used to 

increase serum lipid levels mainly TC, TG 

and LDLc along with decrease in HDLc 

levels are known to cause hyperlipidemia 

with progression to arteriosclerosis to study 
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the etiology of hyperlipidemia-related 

metabolic disturbances [39].  

Feeding of HD to the studied animals 

caused significant rise of serum TC and 

LDL-c compared to control rats. This was 

related with the extreme burden of 

cholesterol to the liver, which exceeded the 

normal physiological limits, causing the 

inability of liver to metabolize the lipids. 

Thus, resulting in the returned of high 

cholesterol in the circulating blood [40].  

Consequently, the accumulation of fatty 

acid in the hepatocyte caused an increase in 

the relative liver weight [41]. This can be 

seen from the significant higher relative 

liver weight on the HD induced groups 

(both untreated and treated) in comparison 

to the control group. Similarly, the body 

weights gained in the HD groups were 

shown to be higher than the control diet 

group. HD fed to the studied rats induced 

greater body fat deposition because of the 

increase of adipocyte number and size [42].  

The HD groups, which treated with Z. 

simplex ethanolic extract, were shown to 

have relatively lower relative liver weight 

and lower body weight gained. These 

indicated that the extracts of Z. simplex 

ethanolic were capable to prevent the 

accumulation of fats in the body and liver 

[43]. 

The observation was in accordance with 

Kumar et al., (2010) which stated that HCD 

had a significant increase in the body 

weight [42]. HCD treatment induced 

hyperlipidemia evidenced by increase in 

the mean relative weights of liver might be 

due to excessive accumulation of lipids 

[44,45].  

Dietary administration of cholesterol 

increases considerably the hepatic 

concentrations of the TG and TC in rats 

indicating hepatic lipid metabolism 

disturbance. The level of Hepatic TG is 

predominantly controlled by beta-

oxidation, secretion and TG synthesis in the 

lipoprotein’s form [46]. The accumulation 

of Hepatic TG by high dietary cholesterol 

is participated in the TG synthesis and fatty 

acid stimulation in rats. It is also assigned 

to the reduction of beta-oxidation of fatty 

acid, afflux and secretion of LDL [47]. 

Treatment with Z. simplex extract, at two 

different doses (250, 500 mg/kg) 

considerably decreased the levels of 

increased serum lipid parameters in relation 

to the control group. The Z. simplex extract 

showed protective action at 500 mg/kg dose 

and demonstrated a substantial decrease in 

the raised HCD induced serum levels of 

TC, LDL-c and triglycerides. It is broadly 

recognized that the serum reduction in 

HDL is a danger element for 

atherosclerosis development. HDL enables 

the cholesterol translocation from the 

peripheral tissue, such as arterial walls to 
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liver for catabolism. The rise in HDL might 

decelerate the process of atherosclerotic. 

Increased levels of HDL (cardio protective 

lipid) after administration of Z. simplex 

extracts concluded that the extract is a 

powerful cardio protective agent and this 

effect may be as a result of the increase in 

the activity of lecithin-cholesterol acyl 

transferase (LCAT), that play a main part in 

combining the free cholesterol into HDL 

which is repossessed by the liver cells. 

Numerous studies indicated that an increase 

in HDLc is related with a reduction in 

coronary risk as high levels of LDLc and 

TC are key coronary risk factors. Treatment 

of Z. simplex extract lowered both TC and 

LDLc in HCD induced hyperlipidemic rats. 

The higher the AI, the more is the risk of 

the cardiovascular disease [48]. AI shows 

the deposition of plaque, foam cells or the 

infiltration of fatty lipids in coronaries, 

heart, aorta, kidneys and liver. The increase 

in AI in hyperlipidemic rats enhances the 

endothelial dysfunction and the 

cardiovascular pathogenesis probability. AI 

in HCD treated animals were increased 

moderately. Significant decrease in AI 

value was observed in Z. simplex extract 

supplemented animals which might suggest 

the atheroprotective/cardio protective 

potential of Z. simplex extract [49]. 

These results indicated the cholesterol 

lowering activity of the Z. simplex 

flavonoid against HCD which can be as a 

result of rapid catabolism of LDLc via its 

hepatic receptors for last elimination in the 

form of bile acids as revealed [50]. 

Flavonoids have displayed a diversity of 

pharmacological activities, containing the 

antioxidant effect and antiatherogenesis 

[51]. 

In this study, serum aspartate 

aminotransferase (AST), alkaline 

phosphatase (ALP) and alanine 

aminotransferase (ALT) activities were 

substantially high in high-cholesterol fed 

diet than in normal rats. These results were 

in agreement with those of Sudhahar et al. 

(2007) [52]. The intake of High fat diet 

produced a very significant elevated 

creatinine and serum urea concentrations of 

hypercholesterolemic control rats in 

comparison to normal rats (Table 4). 

Accelerated amino acid deamination and 

enhanced protein catabolism for 

gluconeogenesis is probable, a tolerable 

postulate to interpret the urea elevated 

levels, where elevated creatinine 

concentration level is linked with abnormal 

renal function [53]. Along these lines, the 

cholesterol-enriched diet improved 

excretion of indicative parameters of renal 

dysfunction for instance creatinine and 

urea. These results agreed with earlier 

studies which indicated that 
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hypercholesterolemia encourages 

glomerular injury [54,55]. 

It is always beneficial to use a drug that 

decreases serum total cholesterol, low-

density lipoprotein and triglycerides levels 

and elevates serum HDL levels [56]. 

Finding a drug that can produce such 

changes in cholesterol is of prime 

importance. However, this study showed 

that cholesterol levels only serve as a 

surrogate indicator for the development of 

atherosclerosis and other related 

cardiovascular conditions. Therefore, a 

comprehensive investigation about the 

direct effect of the crude extract on the 

formation of atherosclerosis must be given 

focus in future studies [57].  

 
Table 1: Compositions (%) of the experimental diets 
Ingredient Basic diet High-fat diet 
Corn meal 30 26.3 

Soybean meal 20 17.5 
Wheat bran 25 21.9 
Wheat flour 16 14 

Fish meal 5 4.4 
Bone meal 2 1.8 

Yeast powder 1 0.9 
NaCl 1 0.9 

Cholesterol 0 2 
Lard 0 10 

Sodium cholate 0 0.3 
 
 

Table 2 Effect of different treatments on the percentage body weight changes (% ∆wt) and relative liver weight in the 
studied rats 

Group % ∆wt Relative liver weight 
Control 11.26 ±  2.04 b 3.36 ± 0.25 bc 

HCD 19.93 ± 3.89 ab 4.91 ± 0.71a 
HCD + SIM 10 mg/kg 23.89 ± 3.61 a 4.17 ± 0.37abc 

HCD + Z. simplex 250 mg/kg 13.31 ±  2.22 b 3.93 ± 0.61a 
HCD + Z. simplex 500 mg/kg 16.44 ±  2.71 b 3.97 ± 0.27 abc 

Data are mean ± SEM (n=10) with different superscript letters abc within the same column indicate significant 
differences (P<0.05) 

 
 

Table 3:  Effects of Z. simplex on serum lipid levels of experimental hyperlipidemia rats induced by HFD for 30 days 
Group TC TG Phospholipid HDL-c LDL-c V LDL-c AI 

mg/dL mg/dL mg/dL     
Control 116.38 

±  7.11 
69.05 
±6.76 

161.41 
±  4.14 

42.34 
± 3.45 

102.35 
±  4.91 

13.81 
±1.25 

1.74 
±0.25 

HCD 241.91 
± 8.35 

171.95 
±3.46 

247.22 
± 4.33 

32.27 
± 1.81 

207.35 
± 3.17 

34.39 
±2.60 

6.49 
±0.60 

HCD + SIM 
10 mg/kg 

139.2 
± 6.26* 

56.86 
±6.18* 

163.88 
± 4.65* 

41.93 
±1.10* 

127.17 
± 2.61* 

11.37 
±1.31* 

2.31 
±0.31* 

HCD + 
Z. simplex 
250 mg/kg 

157.76± 
9.24* 

59.27 
±3.93* 

174.69± 5.41* 37.33 
±3.18 

145.85± 
1.31* 

11.85 
±1.54* 

 

3.22 
±0.54* 

 
HCD + Z. 
simplex 

500 mg/kg 

143.37 
± 8.27* 

57.47 
±4.92* 

166.81 
± 5.41* 

45.74 
± 2.64* 

131.31 
± 1.15* 

11.49 
±1.32* 

 

2.13 
±0.32* 

 
Data are expressed as mean ± SEM (n= 10). *P 0.05, compared with the HCD group. 

TC, Total cholesterol; TG, Triglycerides; LDL-C, low density lipoprotein cholesterol; VLDL-C, very low density 
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol. 
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Table 4: Effect of Z. simplex (70% EtOH) extract on liver enzymes, BUN, serum creatinine and total protein in 
hypercholesterolemic rats for 30 days (10 animals per treatment) 

Treatment Serum 
ALT(U/L) 

Serum 
AST(U/L) 

Serum 
ALP(U/L) 

BUN 
(mg/dl) 

Creatinine 
(mg/dl) 

Total protein 
(g/dl) 

Control 27.39 ±2.79 52.37 
± 3.18 

60.72 
± 1.72 

32.26 
± 6.3 

0.58 
± 0.9 

8.26 
± 0.13 

HCD 35.34 ±2.83 63.42 
± 1.86 

69.53 
± 1.53 

33.68 
± 7.66 

0.94 
± 1.34 c 

7.28 
± 0.88 

HCD + SIM 5 mg/kg 28.27 
±1.76* 

59.85 
±1.34* 

62.76 
±2.30* 

30.84 
± 2.66* 

0.64 
± 1.66* 

10.26 
± 0.61* 

HCD + Z. simplex 
250 mg/kg 

30.13 
± 1.83* 

61.57 
± 2.87 

64.83 
± 4.11 

34.17 
± 5.22 * 

0.78 
± 1.44* 

9.74 
± 0.46 

HCD + Z. simplex 
500 mg/kg 

26.55 ±1.44* 58.33 
± 2.18 * 

63.38 
± 1.85* 

31.61 
± 7.67* 

0.67 
± 0.65 * 

9.28 
± 0.86 * 

Results were expressed as mean ± SEM and analyzed using one-way ANOVA followed by Duncan's post-hoc test. < 
0.05 compared to control group, †P < 0.05 compared to HCD group, ‡P *P < 0.05 compared to HCD group 

 

5. CONCLUSION 

This study is the first report on the effect of 

the crude ethanol extract of Z. simplex to 

reduce the serum cholesterol, triglycerides 

and low-density lipoproteins in 

hypercholesterolemic male Wistar rats. 

Being an indigenous plant and considering 

the variation of associated pharmacological 

properties; Z. simplex has a strong potential 

in its application in the nutraceutical 

industry. 
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