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Abstract
Background Hypercholesterolemia is a major risk factor for the development of atherosclerosis and
endothelial dysfunction.

Methods The present study investigates the possible mechanism of Echinops spinosissimus Turra
subsp. spinosus ( E. s. spinosus ) �ower on the high cholesterol diet.

Results Our in vitro results demonstrated the richness of E.s. spinosus �ower in antioxidant compounds,
and its antioxidant activities. The co-administration of E.s. spinosus (100 or 200 mg/kg/day) with high-
fat diet attenuated hepatotoxicity as monitored by the improvement of oxidative stress biomarkers and
plasma lipid and liver parameters, when compared to the hypercholesterolemic mice. Atherogenic index
and body weight were also reduced markedly, compared to control mice. These results were con�rmed by
the improvement of histological changes and DNA damage.

Conclusion These data indicate that E.s. spinosus �ower reduces the hypercholesterolemia risk and
atherogenic properties of dietary cholesterol. Its hypocholesterolemic effect may be due to its antioxidant
activities and its richness in bioactive molecule.

Introduction
Hypercholesterolemia is a dominant risk factor for the development and progression of atherosclerosis,
related cardiovascular diseases, and many lipid associated ailments like obesity, liver and kidney failure
[1, 3]. Epidemiological, clinical, genetic, and experimental studies indicate that a diet high in cholesterol
content is a major environmental contributor to an unbalanced lipoprotein [4]. The effect of
hypercholesterolemia in vivo has been studied with different animal species. Sparks et al. [5] reported for
the �rst time that hypercholesterolemia affects β-amyloid in rabbits [6, 7]. Recently, Granholm and
colleagues [8] demonstrated that hypercholesterolemia in rats increase the number of working memory
errors. It has been reported that high levels of fat increase fat-mediated oxidative stress and decrease
antioxidant enzyme activities [9].

Based on this evidence, many therapeutic agents are available for the management of
hypercholesterolemic patients and are employed to promote successful treatment. A number of studies
have demonstrated that the use of lipid-lowering drugs can reduce the number of cardiovascular events
and mortality from coronary disease [10]. However, due to certain resistances to dietary restriction and
�nancial limitations to use lipid-lowering drugs, many individuals have turned to alternative treatments to
control cholesterol levels. Many of these alternative treatments have been used empirically, lacking
scienti�c studies that would allow for more reliable conclusions [11]. In recent years, there has been an
increasing interest in antioxidants which play a crucial role in food industry and in providing protection
for humans against infections and degenerative diseases [12]. Many studies describe the crucial role of
the most important group of secondary metabolites, �avonoids and phenolics compounds, as natural
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antioxidants in health promotion by reducing the risk of hyperlipidemic diseases and protecting biological
systems against the harmful effects of oxidative processes [13].

Echinops spinosissimus (Asteraceae) is a traditional medicinal plant that is abundant in the desert of
Egypt and Tunisia [14]. Many researches have subdivided Echinops spinosissimus Turra into two
subspecies: Echinops spinosissimus Turra subsp bovei and Echinops spinosissimus Turra subsp.
spinosus (E. s. spinosus) [15]. The latter is drought resistant specie of high medicinal value. E.
spinosissimus has been highly reputed as a diuretic, nerve tonic and cough suppressant, and contains a
range of sesquiterpene lactones migraine, diarrhea, intestinal worm infestation and hemorrhoids [16].
This specie has high medicinal value due to the presence of functional �avonoids and phenols.
Concerning the genus E. s. spinosus, the ethanolic extract has e�cient action on muscular �bers and
exhibited a very good anti-in�ammatory activity [16]. It was known for its therapeutic effect on health and
its extensive anecdotal history in traditional medicines [17]. The Gas chromatography and Mass
spectrometry analysis demonstrated that the plant is a potential source of terpenoid compounds and
acetylated sterols [17].

The diet-induced hypercholesterolemia animal model has long been used for the assessment of agents
with bene�cial effects on cholesterol. Therefore, the present investigation was performed to document
the effects of E. s. spinosus �ower on a high cholesterol diet in mice.

Material And Methods

Plant material
Echinops spinosissimus TURRA subsp. spinosus (E. s. spinosus) was harvested from Sfax Governorate,
Tunisia. The collected plant was identi�ed by Professor Mohamed Chaieb Botanist of the biology and
Plant Ecology, Department of Biology in the Faculty of Science of Sfax. A voucher specimen of E. s.
spinosus was deposited at the Laboratory of Chemistry of Natural Substances, Faculty of Sciences of
Sfax, Tunisia.

Preparation Of Extracts
The dried �ower heads of E. s. spinosus (500 g) were extracted sequentially by maceration in hexane,
dichloromethane, ethyl acetate (EtOAc), and MeOH at room temperature, for 48 hours. After �ltration, the
solvents were evaporated under vacuum at 50 °C to afford 6.9, 4.9, 7.3 and 19.1 g, respectively.

Determination Of Total Phenolic Content
The amount of total phenolic content was evaluated using a slightly modi�ed colorimetric method
described by Singleton and Rossi [18] using the Folin-Ciocalteu reagent. The absorption was measured at
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760 nm by spectrophotometer. The estimation of the phenolic compounds was carried out in triplicate
and the results was expressed as gallic acid equivalents (GAE, mg gallic acid/per g of extract).

Determination Of Total Flavonoid Content
Total �avonoid contents of �ower heads E. s. spinosus were determined using the aluminium trichloride
colorimetric method [19]. The total �avonoid content was expressed as mg of quercetin (QE)/g of extract.

Phytochemical Studies
All the plant extracts were subjected to preliminary phytochemical screening following the standard
methods [20], to detect the presence of active principles such as sterols, triterpenoïds, tropolone,
quinones, alkaloïds, and �avonoïds.

A sample of each extract is dissolved in 2 mL of solvent adequate then will be added to various reagents
according to the methods cited below:

Test for sterols and triterpenoïds: (Reaction of Liebermann). 1 mL of acetic anhydride and few drops of
concentrated sulphuric acid were mixed to the extracts solution and a violet changing to blue-green
indicate a positive test for sterols and (or) triterpenoïds.
Test for �avonoïds: (Shinoda test). The stock extract solution (1 mL) was taken in a test tube and added
to 1 mL of EtOH, 1 mL of distillated water and a few drops of dilute Hydrochloric acid. A positive reaction
was recorded when an intense red violet coloration was appeared which become after blue.
Test for alkaloïds: (Mayer Reaction). Test solution (1 mL) when treated with 0.5 mL of HCl (0.1 N) and 5
drops of Mayer reagent shows immediately a white precipitate showed the presence of alkaloïds.
Test for tropolone: (Reaction of Wiustater). It was manipulated by adding MeOH (0.2 mL), 1 drop of FeCl3
(0.005 M), water (0.6 mL) and CHCl3 (0.4 mL) to 1 mL of our test solution. A red colour of the chloroform
layer was formed which showed the presence of tropolone.
Test for quinones: (Reaction of Borntraeger). To detect the presence of quinones in our extracts, 2 mL of
each solution sample was mixed with 2 mL of NaOH (0.1 M). The changement of coloration in the
aqueous phase from red to purple would show a positive result for the presence of quinones.

Antioxidant Capacity Estimation
Three methods of antioxidant assessment, β-carotene bleaching by linoleic acid assay,
Diphenylpicrylhydrazyl (DPPH) radical scavenging and ferric-reducing anti-oxidant power were used for
investigation of antioxidant activities of E. s. spinosus �ower heads extracts. These results were
compared to those of α-tocopherol, BHT and gallic acid used as positive control.

Ferric-reducing antioxidant power (FRAP) assay
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The FRAP method measure the ability of an antioxidant to donate electron to Fe (III), which could be
monitored at 700 nm. This assay was carried out according to the procedure employed by Oyaizu with
slight modi�cations [21]. Absorbance of the reaction mixture was read spectrophotometrically at 700 nm.

FRAP result was expressed as gallic acid equivalents (GAE) in mg/g of tested sample.

y = 0.775 x + 0.117; r2 = 0.906

DPPH free radical scavenging assay
The antioxidant activity of DPPH is based on scavenging of DPPH. from antioxidants in the vegetal
sample, which produce a spectrophotometric loss in absorbance at 515 nm. The DPPH assay was
evaluated as described by [22]. The mixture was prepared in test tubes by dilution of 50 µL of ALE in
735 mL of 100% methanol. 750 mL of 0.1 mM methanolic DPPH reagent was added to the mixture of
ALE-methanol. Then, the mixture was incubated at room temperature in a chamber without any light
during 30 min. After incubation, the estimation of the scavenging ability was performed by measuring at
517 nm in spectrophotometer (T70 UV-Vis).

The capacity of inhibition percentage (PI) of DPPH radicals was calculated as

DPPH radicals (PI) = [(𝐴𝑏- 𝐴𝑠)/Ab] × 100

Where 𝐴𝑏 refers to the absorbance of control (without plant extract) and 𝐴𝑠 to the absorbance of sample
(with plant extract).

BHT was used as standard at the same concentrations of plant extracts.

Antioxidant assay using the β-carotene bleaching method
The antioxidant activity of the E. s. spinosus �ower was evaluated using β–carotene bleaching method
as described by Chevolleau et al. [23] with some modi�cation. All determinations were carried out in
triplicate.

The antioxidant activity coe�cient (AAC) was calculated according to the following equation:

AAC = [(AA (120) – AC (120)) / (AC (0) – AC (120))] x 100

AAC = Absorbance of extract (120min) - Absorbance of control (120min)

Absorbance of control (0min) - Absorbance of control (120min)

Animal Diet And Tissue Preparation
This study was performed in accordance with the Institute Ethical Committee for the Care and Use of
Laboratory Animals guidelines [24] and Sciences Faculty of Sfax (n°1204) [25]. Adult mice (30 ± 5 g) were
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randomly divided into four groups of 12 animals each; group received either no treatment (control group),
hypercholesterolemic group receiving 1% cholesterol and 0.5% choline, group receiving 1% cholesterol + 
0.5% choline associated with E. s. spinosus �ower methanolic extract a dose of 100 mg/kg of diet; mice
receiving 1% cholesterol + 0.5% choline associated with E.s. spinosus �ower methanolic extract at a dose
of 200 mg/kg of diet. During the experimental period (30 days), food and water intake of the animals was
monitored daily. At the end of the experimental period, the animals of different groups were killed by
cervical decapitation to avoid stress. The liver was quickly excised, rinsed in Tris-HCl buffer, weighed, and
then divided into three parts. One part was homogenized in Tris-HCl buffer, as indicated in the procedures
of oxidative stress markers. The other two parts were used in molecular assays and some samples were
immediately removed, cleaned, �xed in 10% buffered formalin solution for 48 h, and then embedded in
para�n for histological analysis.

Protein Quanti�cation
Protein content in the liver was assayed following the methods previously described by Lowry et al [26].

Determination of Oxidative Stress Markers

We determined the amount of malondialdehyde (MDA) in the liver using 1,1,3,3- tetraethoxypropane and
following the methods described by Draper and Hadley [27]. The values are expressed as nmol MDA/mg
protein.

Advanced oxidation protein products (AOPPs) were assayed using the method described by Witko [28].
The level of AOPP in liver tissue was calculated using an extinction coe�cient of 261 and expressed as
µmol/mg protein.

Protein carbonyls (PCO) were measured using the method of Reznick and Packer [29]. The absorbance of
the sample was measured at 370 nm. The carbonyl content was calculated based on the molar extinction
coe�cient of DNPH (5 2.2 3 104 cm/M) and expressed as nmoles/mg protein.

Superoxide dismutase (SOD) enzyme activity was measured using the method described by Beauchamp
and Fridovich [30]. One unit of SOD activity was de�ned as the amount of enzyme required to cause a
50% inhibition of nitro blue tetrazolium photoreduction. SOD activity in cerebellar tissue is expressed as
units/mg protein.

Glutathione peroxidase (GPx) enzyme activity was measured using the method described by Flohe and
Gunzler [31]. We calculated the modi�cation in absorbance at 340 nm. GPx enzyme activity is expressed
as nmol GSH/min/mg protein.

Liver reduced glutathione (GSH) contents were determined by Ellman’s method [32], and modi�ed by
Jollow et al. [33], based on the development of a yellow color when 5,5-dithiobis-2 nitro benzoic acid was
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added to compounds containing sulfhydryl groups. The absorbance was measured at 412 nm after
10 min. Total reduced glutathione content was expressed as nmol/mg of protein.

Molecular Analysis
DNA samples required for the DNA fragmentation analysis of normal and experimental mice were
isolated from liver tissues by the method described previously by Kanno et al. [35]. The DNA
fragmentation assay was performed by electrophoresis on genomic DNA samples using agarose/EtBr gel
following the procedure described by Sellins and Cohen [36].

Histopathological Examination
Some liver tissue collected from each group was randomly selected for light microscopy. Samples were
�xed in formalin solution and embedded in para�n. The liver was then sectioned in the sagittal plane
and stained with hematoxylin-eosin [37]. The nonalcoholic steatohepatitis (NAS) calculation system was
applied to evaluate the steatosis, in�ammation, and ballooning [38].

Statistical Analysis
All experiences and statistical analyses were made in triplicate. All results are expressed as the mean ± 
standard deviation. Statistical analysis was performed with SPSS 17.0 statistical package for Windows
(SPSS, Inc., Chicago, IL). A two-way ANOVA followed by Tukey’s post-hoc test was performed to compare
treatment and control groups. Statistical signi�cance was set at α = 0.05.

Results
In vitro antioxidant activity of E.s.spinosus �ower

Amounts Of Polyphenols And Flavonoids
The obtained values for total phenolic (TPC) and �avonoid contents are summarized in Table 1. The
methanolic extract was found to have a high amount of phenolic content (895.14 mg gallic acid/g of
extract) and the ethyl acetate extract has been found to be rich in �avonoids (215.36 mg quercetin/g of
extract).
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Table 1
Amount of polyphenols, �avonoids, sterols andtriterpens in the methanolic extract

of EchinopsspinosissimusTurra subsp. spinosus

Extracts Total phenolics
(mg gallic acid/g of extract)

Total �avonoids
(mg quercetin/g of extract)

Hexane 113.71 ± 0.11 57.02 ± 0.33

Dichloromethane 216.33 ± 0.52 92.34 ± 1.01

Ethylacetate 485.27 ± 0.26 215.36 ± 0.88

Methanol 895.14 ± 0.12 190.53 ± 0.25

Each value represents the mean ± SD of three experiments

Preliminary Qualitative Phytochemical Analysis
Phytochemical screening of Tunisian Echinops spinosus �ower heads extracts are given in Table 2 and
indicated that the plant contains different chemical classes of active constituents, such as �avonoids,
sterols, triterpenoids etc. Our results demonstrated that the ethyl acetate extract of this plant was found
to have more constituents compared to other extracts and the �ower heads of Echinops spinosus are
showing the presence of �avonoids in methanolic extract but adequately present in ethyl acetate extract.
The concentration of Triterpenoids is highly in ethyl acetate extract, but adequately present in hexane and
dichloromethane extracts.

Table 2
Phytochemical analysis of Echinopsspinosus �ower heads extracts.

Phytochemicals
analysis

Solvent extracts

Hexane
extract

Dichloromethane
extract

Ethyl acetate
extract

Methanolic
extract

Triterpenoids + + ++ -

Quinones - - + +

Alkaloids - - - -

Flavonoids - - + ++

Tropolones - - - -

Each value represents the mean ± SD of three experiments

Antioxidant activities
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Dpph Free Radical Scavenging Assay

The effect of antioxidants on DPPH radical was thought to be due to their hydrogen donating ability.
DPPH is a stable free radical and accepts an electron or hydrogen radical to become a stable
diamagnetic molecule. Comparing the EC50 values with those of BHT and α- tocopherol which were 0.026
and 0.019 mg/mL respectively, we observed that MeOH extract of E.s.spinosus �ower heads was
potentially active and presented EC50 = 0.100 mg/mL, followed by ethyl acetate one (EC50 = 
0.150 mg/mL). The results of DPPH radical-scavenging assay of different extracts are shown in Fig. 1.

FRAP assay
The reducing power assay is often used to evaluate the ability of an antioxidant to donate an electron. In
this assay, the ability of E.s.spinosus extracts to reduce Fe3+ to Fe2+ was determined. Reducing power
increased with the concentration of the extracts. All analyzed samples demonstrated signi�cant
antioxidant capacities with FRAP test except the hexane and dichloromethane extracts of this plant. In
fact, the methanolic extract showed the highest ability to reduce Fe3+ (Fig. 2).
𝛽- Carotene Bleaching Assay

The antioxidant activity through β-carotene-linoleate system of the four extracts of E.s. spinosus �ower is
measured by the ability of a compound to minimize the loss of 𝛽-carotene during the oxidation of linoleic
acid in an emulsi�ed aqueous system. The antioxidant activity coe�cient (AAC) was compared with
butylated hydroxyanisole and it is presented in Table 3.

Table 3
Antioxidant activity coe�cient (ACC) of extracts from Echinops
TURRA subsp. spinosus�ower heads and BHA according to a β-

carotene bleaching assay.

Extracts AACa

Hexane 164.30

Dichloromethane 187.42

Ethylacetate 223.71

Methanol 243.95

aValues are expressed as antioxidant activity coe�cient (ACC).

The methanol extract are endowed with the highest activity. This activity may be attributed to the content
of phenolic components in this extract of E.s.spinosus �ower.

In vivo antioxidant activity of E.s.spinosus �ower
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Effect of E.s.spinosus �ower on body weight

Results presented in Fig. 3 indicated that body weights of hypercholesterolemic mice were signi�cantly
increased, while body weight of the group co-treated with E.s.spinosus �ower methanolic extract was
similar to that of control group.

Effect of E.s.spinosus �ower on lipid peroxidation, and protein oxidation in the liver

Our �ndings revealed changes in the levels of lipid peroxidation products in the experimental groups. In
the hypercholesterolemic mice, MDA level, index of lipid peroxidation showed a signi�cant increase (P = 
0.003). Similarly, a remarkable rise in AOPP and PCO levels in the liver was also evident in the
hypercholesterolemic group, when compared with controls (P < 0.001; P = 0.076) (Table 4).
Supplementation of E.s.spinosus �ower methanolic extract to the hypercholesterolemic group
ameliorated all parameters cited above.

Table 4
Levels of MDA, PCO and AOPP in the liver of controls and hypercholesterolemic mice associated with

Echinopsspinosusmethanolic extract during 30 days.

Parameters
and treatment

Controls Cholesterol Cholesterol
+E100

Cholesterol
+ E200

MDA(nmol of MDA/mg
protein)

143.82 ± 
14.83c

203.40 ± 
16.30a

176.27 ± 
11.15b

140.5 ± 
17.27c

PCO(nmol/mg protein) 0.53 ± 0.14c 1.03 ± 0.19a 0.98 ± 0.33c 0.67 ± 0.21c

AOPP (µmol/mg protein) 0.02 ± 0.002c 0.07 ± 0.004a 0.06 ± 0.001a 0.04 ± 0.003b

Values are expressed as means ± S.D for 10 animals in each group.

Values bearing the same letter showed no signi�cant difference (P < 0.05).

Effect of E.s.spinosus �ower on enzymatic and non-enzymatic antioxidants in the liver

Our results showed the effect of Echinops spinosus methanolic extract on enzymatic and nonenzymatic
antioxidants of control and experimental animals. ANOVA demonstrated a signi�cant rise (p < 0.001) in
the activities of enzymatic antioxidants (SOD and GPx) (Table 5) was observed as well as a remarkable
decrease (p < 0.001) in the level of GSH in the hypercholesterolemic mice compared with controls.
Administration of E.s.spinosus �ower methanolic extract highly improved the antioxidant status in the
liver tissue compared with hypercholesterolemic group.
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Table 5
Liver enzymatic and non-enzymatic activities of adult mice, controls and treated with cholesterol,

cholesterol associated to 100 and 200 mg/kg of methanolic extract (E100, E200) of
Echinopsspinosusrespectively during 30 days.

Parameters
and treatment

Controls Cholesterol Cholesterol
+E100

Cholesterol
+ E200

GPx (nmoles of GSH/min/mg
protein)

94.16 ± 
16.69a

55.60 ± 
12.57c

78.21 ± 
13.46b

95.12 ± 
1.51a

SOD(units/mg protein) 23.34 ± 4.22a 12.76 ± 4.17c 18.43 ± 2.11b 25.62 ± 
2.62a

GSH (nmol/mg protein) 20.35±4.56a 11.38±3.13c 14.35 ± 3.54b 18.08±2.56a

Values are expressed as means ± S.D for 10 animals in each group.

Values bearing the same letter showed no signi�cant difference (P < 0.05).

Effect of E.s.spinosus �ower on some plasma biomarkers of liver toxicity

Bilirubin level as well as AST and ALT activities were signi�cantly increased (P < 0.001), respectively, in
the hypercholesterolemic group, when compared with the controls (Table 6). Co-administration of
Echinops spinosus methanolic extract to the hypercholesterolemic group signi�cantly decreased plasma
bilirubin, AST, and ALT to near normal values, as compared with the hypercholesterolemic mice.

Table 6
Plasma liver markers of adult mice, controls and treated with cholesterol, cholesterol

associated to 100 and 200 mg/kg of methanolic extract (E100, E200) of
Echinopsspinosus respectively during 30 days.

Parameters
and treatment

Controls Cholesterol Cholesterol
+E100

Cholesterol
+ E200

AST (UI/l) 169.5 ± 21.92c 420± 36.76 a 232.5 ± 21.9b 221 ± 2.82b

ALT (UI/l) 37 ± 8.48c 59 ± 4.24a 43 ± 2.82b 34 ± 2.81c

ASAT/ALAT 4.58c 7.11a 5.4b 6.5b

Bilirubin (mg/l) 1.7 ± 0.09b 2.6 ± 2.54a 1.25 ± 0.07b 2.7 ± 0.14a

Values are expressed as means ± S.D for 10 animals in each group.

Values bearing the same letter showed no signi�cant difference (P < 0.05).
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Table 7
Plasma lipid pro�le of adult mice, controls and treated with cholesterol, cholesterol associated to 100 and

200 mg/kg of methanolic extract (E100, E200) of Echinopsspinosusrespectively during 30 days.

Parameters and treatments Controls Cholesterol Cholesterol + E100 Cholesterol + E200

Cholesterol (g/l) 2.49 ± 
0.04b

3.26 ± 
0.18a

2.25 ± 0.007b 1.88 ± 0.028b

Triglycerides (g/L) 1.08 ± 
0.16b

1.83 ± 
0.06a

0.81 ± 0.07c 0.52 ± 0.07c

HDL-C(g/L) 1.74 ± 
0.07a

1.2 ± 0.07b 1.37 ± 0.06b 1.63 ± 0.06b

LDL-C(g/L) 0.20 ± 0.05c 1.42 ± 
0.07a

0.18 ± 0.02c 0.65 ± 0.05b

AI 0.43c 1.71a 0.64b 0.15c

LDL-C, low density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; AI, Atherogenic
index.

Values are expressed as means ± S.D for 10 animals in each group.

Values bearing the same letter showed no signi�cant difference (P < 0.05).

Effects of E.s.spinosus �ower on lipid pro�le

The statistical analysis shows a signi�cant increase in TC in mice from hypercholesterolemic group,
when compared with those of controls (p = 0.001). It was also noted that triglyceride, LDL-C levels and
atherogenic index signi�cantly increased in the hypercholesterolemic group (p < 0.001), while HDL-C
decreased, when compared to controls (p < 0.001). As compared to hypercholesterolemic mice,
E.s.spinosus �ower treatment signi�cantly restored plasma cholesterol, triglyceride, LDL-C, and HDL-C to
near normal values.

Effect of E.s.spinosus �ower on DNA damage

As shown in Fig. 4, agarose gel of the DNA electrophoresis showed a DNA smearing, following
hypercholesterolemic (lane 3) compared with the control group (lane 2). However, DNA isolated from the
liver cells of E.s.spinosus �ower treated-mice (lane 4) exhibited less smearing of DNA, compared with the
hypercholesterolemic group. Co-administration of E.s.spinosus �ower to the hypercholesterolemic group
signi�cantly reduced the DNA damage (lane 4).

Liver histopathological analysis

Histopathological examination of control group (Fig. 4A) showed unremarkable changes with normal
architecture and appearance of the central vein with a radiating pattern of cell plates that were normal in
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shape and size. The hypercholesterolemic regime induced degenerative changes, such as the hepatic
steatosis, leucocytes in�ltration, and hepatocyte vacuolization (Fig. 4B). The administration of
E.s.spinosus �ower to the hypercholesterolemic provoked a marked improvement in the hepatocyte
structure (Fig. 4 (C,D).

Discussion
Lipid disorders, which encompass hypercholesterolemia, hypertriglyceridemia, or their combination, are
prevalent in modern societies [39]. Hyperlipidemia is commonly associated with atherosclerotic vascular
diseases and is present as a risk factor for many diseases [10, 40]. During the last few decades,
numerous epidemiological, laboratory, and clinical studies have demonstrated a connection between high
cholesterol and increased risk for atherosclerosis. Potential hypocholesterolemic pharmaceuticals and
food products are continuously being developed to control hypercholesterolemia in humans. The
extrapolation of hypocholesterolemic mechanisms what is relevant in vivo is not directly possible. In this
context, the aims of the present work were to evaluate the effects of E.s.spinosus �ower when
supplemented in hypercholesterolemic diet at a nutritional dose.

In our study, E.s.spinosus �ower was reported to reduce body weight gain compared with the
hypercholesterolemic group. Moreover, with the longer time needed for E.s.spinosus �ower treatment, the
retardation of body weight gain in rats was obvious. This might indicate that the plant could be used as
weight loss agent for obese humans, which might be because of the binding of lipid in the
gastrointestinal tract thereby reducing fat absorption [41].

Treatment of hypercholesterolemic mice with E.s.spinosus �ower methanolic extract induced marked
signi�cant decrease of plasma total cholesterol, triglycerides and LDL-cholesterol concentrations as
compared to the hypercholesterolemic mice. Additionally, E.s.spinosus �ower extract improved the level
of HDL-cholesterol, which may be due to the ability of the plant to hasten the decomposition of free
radical species generated during cholesterol administration [42, 43]. Where, HDL-C is a free radical
scavenger and prevents peroxidation of beta lipoproteins [44]. The reduction in HDL following cholesterol
feeding may be due, also, to contributed acceleration of apoA-I clearance from the plasma based on
cholesterol-enriched diets [45]. The high level of LDL-cholesterol found in hypercholesterolemic rats may
be attributed to a down regulation in LDL receptors by cholesterol and saturated fatty acids included in
the diet [46]. The hypercholesterolemic mice exhibited a profound increase in atherogenic index as
compared to normal ones. This atherogenicity thought to be due to the atherogenic lipoprotein
subclasses commonly associated with hyperlipidemia [47]. Our result indicated that, treatment using
E.s.spinosus �ower exhibited signi�cant decrease of AI, as compared to hypercholesterolemic mice that
might be ascribed to their plasma lipid-lowering activity. The E.s. spinosus showed high anti-
hyperlipidemic activity in mice. This could be explained by the richness of the plant in polysaccharides
and β-carotene. In fact, Godard [43] has reported that polysaccharides are strongly liable with the
observed hypolipidemic effects. Shaish et al. [48] demonstrate that β-carotene is responsible for an
increase in HDL-cholesterol.
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Other biomarkers of liver toxicity like AST and ALT [49] were also studied in the present work. Plasma AST
and ALT activities were signi�cantly high in high-cholesterol fed diet than in normal mice; these results
agreed with those of Sudhahar et al. [50]. The increase of these activities suggested their leakage from
the liver to the plasma [51]. The biochemical alterations were correlated with a marked increase in liver
lipid and protein oxidation. The lipid peroxidation, measured as thiobarbituric acid reactive species, is a
free-radical mediated propagation of oxidative insult to polyunsaturated fatty acids involving several
types of free radicals [52]. The hypercholesterolemic mice of the present study exhibited high signi�cant
elevation of hepatic MDA, AOPP and PCO concentrations as compared to normal control group. An
increase of lipid peroxidation, in animals fed with a high cholesterol diet has been previously reported [53,
54]. There was a positive correlation between plasma total cholesterol and triacylglycerol concentrations
and free radicals generation [55]. An abnormal rise in lipid and protein oxidation was reduced with plant
administration, due to their antioxidant activities and this antioxidant compounds, emphasized through in
vitro experiments. However, the obtained results could be attributed to the reported antioxidant effects of
E.s.spinosus �ower which in turn lead to decreased free radical generation and decreased oxidative
damage of the liver, the main organ involved in cholesterol biosynthesis. Indeed in the current study,
oxidative stress was obvious in cholesterol rich diet fed-mice as evidenced by the increase in plasma lipid
peroxide level coupled with decreased SOD, GPx and catalase activities. Similar results were previously
reported [56]. Supplementation with E.s.spinosus �ower was found to increase the activity of the
antioxidant enzymes respectively, as compared with the hypercholesterolemic mice. A reduction of these
enzymes activities is associated with the accumulation of highly reactive free radicals, leading to
deleterious effects such as loss of integrity and function of cell membranes. When they are present in
high concentrations, free radicals are able to interact with the enzymes and inactivate them.

Apart from enzymatic antioxidants, non-enzymatic antioxidants and hepatic reduced glutathione play a
vital role in protecting cells from oxidative damage. GSH in hypercholesterolemic mice decreased
signi�cantly when compared with the normal ones. These reductions may be due to the increased
utilization of these anti-oxidants for quenching enormous free radicals produced during
hypercholesterolemic condition. Thus, the increased GSH content in hypercholesterolemic group may be
attributed to the ability of E.s.spinosus �ower to improve the defensive nature of liver against free
radicals. Free radicals also attack DNA bases, therefore causing mutagenic lesions. In fact,
hypercholesterolemic diet resulted in a signi�cant DNA fragmentation with a subsequent formation of a
DNA smear on agarose gel.

The damage induced by hypercholesterolemic diet in the liver of adult mice was con�rmed by histological
changes, including a marked leucocyte in�ltration, steatosis, and apoptosis. In fact, hypercholesterolemic
diet caused several liver histological injuries such as distortion in tissue histoarchitecture, congestion of
the central vein, sinusoidal dilatation, generalized congestion, hemorrhage, and degenerative changes.
Co-treatment of mice with E.s.spinosus �ower could prevent DNA and histological damages in
hypercholesterolemic mice due to its powerful antioxidant capacity.
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In conclusion, the results obtained herein indicate that Echinops spinosissimus Turra subsp. spinosus a
protective effect on high-cholesterol diet induced liver damage in mice, possibly through its antioxidant
properties. We therefore propose that Echinops spinosissimus may be bene�cial in reducing
hypercholesterolemia in patients, but further studies are required to determine the optimal doses of this
compound.
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Figures

Figure 1

DPPH free radical scavenging activity of Echinops spinosus L extracts in comparison with BHT used as
standard.
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Figure 2

Reducing power activities of Echinops spinosus L extracts in comparison with BHT and vitamin E used
as standard

Figure 3
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Mean body weights of controls, hypercholesteromic and hypercholesteromic mice associated with
Echinops spinosus methanolic extract during 30 days.

Figure 4

Agarose gel electrophoresis of DNA fragmentation. M marker, lane 1 control group, lane 2 Cholesterol,
lane 3 Cholesterol+E100, lane 4 Cholesterol+E200.
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Figure 5

Liver histological sections (H&E) of controls (A), hypercholesteromic group (B) and hypercholesteromic
group associated with the methanolic extract of Echinops spinosis methanolic extract (C, D). E–F:
Histological NAS scores of liver tissues The arrows indicate: Leucocyte in�ltration: Necrosis ; Apoptosis ; :
Hepatocyte vacuolization


