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Abstract: The aim of the study was to investigate in vitro potential antioxidant and hepatoprotective effects of
methanolic extracts from the aerial parts of Matricaria pubescens, Centaurea incana, and Santolina africana,
against carbon tetrachloride induced liver damage in rats. The different aerial parts of three methanolic
extracts, exhibited antioxidant activity in the DPPH free radical (ICsp, 0.032, 0.087 and 0.044 mg/ml)
respectively. The reducing ability of the extracts showed a dose-dependent trend increasing with increase in
the concentrations of the extracts.The antioxidant activity of samples at the concentration of 2 mg/ml was
reflected in their ability to inhibit the bleaching of -carotene. Treated groups with extracts of studied three
plants showed decrease in plasma levels of AST, ALT, ALP, and an increase in plasma catalase levels
activities, while hepatic MDA decreased and catalase increased as compared to carbon tetrachloride treated
groups. In consistency with in vivo and in vitro results, extracts of all three plants ameliorated the carbon
tetrachloride extensive damage to liver tissue of treated animals, but, Santolina africana extract was the most

efficient.
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1. Introduction

Reactive oxygen species (ROS) encompass a variety of diverse chemical species, including both free
radicals, such as superoxide (O,") and hydroxy! radicals (OH), and other molecular species, such as hydrogen
peroxide (H,O,) [1]. At high concentrations, ROS can be important mediators of damage to cell structures,
nucleic acids, lipids and proteins [2]. ROS generation is increased in many pathological situations, including
heart disease, diabetes, liver injury, cancer, aging etc. [3, 4]. Liver is well known to be the major organ
responsible for the metabolism of drugs and toxic chemicals, and consequently is the primary target organ for
nearly all the toxic chemicals [5]. Liver injury induced by drugs has become a primary reason for acute liver
disease and therefore posed a potential regulatory and clinical challenge over the past few decades and has
gained much attention [6]. CCL, is a classically known compound that causes hepatotoxicity by an acute
exposure [7, 8]. It promptly reacts to the organs mainly the liver through its chemical reactivity properties to
the surrounding molecules basically [9, 10], and through covalent binding of the compound to the microsomal
lipids and membrane proteins and through lipids peroxidation [8].

Therefore, many folk remedies from plant origin are evaluated for their its possible antioxidant and
hepatoprotective effects against different chemical-induced liver damage in experimental animals. Matricaria
pubescens (Desf.) Sch.Bip. is a small plant rarely reaching 40 cm. Flowering takes place in spring in the
northern Algerian Sahara, and any time after rain in the central Algerian Sahara [11, 12]. It is prepared as an
infusion or powder and used internally. It has antiseptic properties. It is not reported as toxic by nomads. It is
used for gastro-intestinal troubles and calculus, and is a much appreciated medicinal herb. It has an
antibacterial activity [13] and it has an antiinflammatory activity [14]. Centaurea incana Desf. is a plant
allgedly used in folk medicine [15]. Santolina L. is a smaller genus belonging to the Asteraceae family [16].
Santolina africana Jord. & Fourr. is endemic species of the North African region that grows naturally in the
rocky slopes on the mountains [17]. It has been used since ancient times for medicinal, food and spice
purposes, and known for its healing effects [18]. It is traditionally used for the treatment of the cardialgia ulcer
and stomacal pain [19]. It has an antibacterial activity [20]. The aim of this study was to evaluate the
antioxidative and hepatoprotective activity of methanolic extracts from the aerial parts of Matricaria
pubescens, Centaurea incana and Santolina africana, an endemic species growing in Algeria, against CCL,

induced liver damage in rats.

2. Materials and methods
2.1. Plant collection and identification
The aerial parts of Matricaria pubescens, were collected from Oued Souff; Algerian Sahara;

Centaurea incana, and Santolina africana were collected from Oum el Bouaghi; Eastern of Algeria,
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respectively. These three plants were identified by Pr. Khalfallah from the laboratory of Botanical Sciences,
Faculty of Nature and Life sciences, University of Constantine 1, Algeria.

2.2. Chemicals

Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), 2,2’-azino-bis(3-ethylbenzthiazo-
line-6-sulphonic acid) (ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH), Folin-Ciocalteau reagent, Carbon
tetrachloride (CCl4), thiobarbituric acid, trichloroacetic acid (TCA), hydrogen peroxide, gallic acid, butylated
hydroxytoluene (BHT), linoleic acid and p-carotene were obtained from Sigma Chemical Co. (St. Louis,
MO). While, all other chemicals and solvents were available commercially.

2.3. Preparation of Matricaria pubescens, Centarea incana and Santolina africana aerial parts
extracts

Samples of 100 g of air-dried powdered leaves and flowers of different plants were extracted, three
times, with 96% methanol for 48h at room temperature. After filtration through whatman N°1 filter paper, the
extract was evaporated in rotary evaporator at 40°C to obtain the methanolic extracts and stored at 4°C until
further.

2.3.1. Determination of total phenolic content

Total phenolic compounds in methanolic extracts were determined by the method as described by Li
et al. [21]. Briefly, extract reacted with Folin-Ciocalteu reagent in the presence of sodium carbonate to form a
blue coloured complex which was read at 760 nm. Various concentrations of gallic acid were used to plot
standard curve. Then, total phenolic content of extract was expressed as mg gallic acid equivalent/g dry
weight of plants (AGE).

2.3.2. Determination of flavonoids content

Total flavonoids content in each extract was determined, using the aluminium chloride colorimetric
method [22]. Briefly, 1 ml of diluted sample was mixed with 1 ml of 2% aluminium chloride in methanol.
After incubation at room temperature for 10 min, the absorbance of the reaction mixture was measured at 430
nm. The flavonoids content was expressed in mg. Quercetin equivalent/g of dry weight of plants (QE).

2.4. In vitro study

2.4.1. DPPH radical scavenging assay

Free radical scavenging activity against 2,2-diphenyl-1-picrylhydrazyl radical was measured, using
the method described by Burits and Bucar [23]. 50 ul of different dilutions of methanolic extracts were added
to 5 ml of 4% solution DPPH dissolved in methanol. After 30 min at room temperature, the absorbance was
measured at 517 nm. BHT and quercetin were used as standards. Inhibition of free radical DPPH in percent (I
%) was calculated in the following way:

1% = (A blank — A sample) X T00/A pianic,
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where A piank i the absorbance of the control reaction (containing all reagents except the test compound), and
A ampie 1S the absorbance of the test compound. Extract concentration providing 50% inhibition (ICsp), was
calculated from the plot of inhibition percentage against extract concentration. Tests were carried out in
triplicate.

2.4.2. ABTS radical scavenging activity

ABTS radical scavenging activity of methanolic extracts was measured by the ABTS cation
decolorization assay as described by Re et al. [24] with some modifications. The ABTS radical cation
(ABTSe+) was produced by reaction of 7 mM stock solution of ABTS with 2.45 mM potassium persulfate and
allowing the mixture to stand in dark at room temperature for 16 h before use. The absorbance of the ABTSe+
solution was equilibrated to 0.70 + 0.02 by diluting with water at room temperature, methanolic extracts (0.1
ml) were allowed to react with 1.9 ml of the ABTSe+ solution and the absorbance was measured at 734 nm
after 7 min. Trolox was used as a reference compound. The results were expressed as Trolox equivalent
antioxidant capacity (TEAC) values and calculated as mean value + standard deviation (SD) (n = 3).

2.4.3. Reducing power assay

The reducing ability of methanolic extracts and gallic acid were measured according to the method
described by Oyaizu [25] with some modifications. A 0.1 ml aliquot of each extract and gallic acid was mixed
with an equal volume of 0.2 M phosphate buffer (pH = 6.6) and 1% potassium ferricyanide, and then
incubated at 50°C for 20 min. 0.25 ml of 10% trichloroacetic acid was added to the mixture, then the mixture
was centrifuged at 3000g for 10 min. The supernatant (0.25 ml) was mixed with 0.25 ml distilled water and
0.1% FeCl3 (500 ul) and then the absorbance was measured at 700 nm. The reducing power of the test
samples was increased with the absorbance values.

2.4.4. Beta Carotene /Linoleic Acid Assay

In this assay, antioxidant capacity is determined by measuring the inhibition of the volatile organic
compounds and the conjugated diene hydroperoxides arising from linoleic acid oxidation [26]. A stock
solution of B-carotene-linoleic acid mixture was prepared as follows: 0.5 mg 3-carotene was dissolved in 1 m.
of chloroform (HPLC grade) and 25pl linoleic acid and 200 mg Tweens, were added. Chloroform was
completely evaporated. Then, 100 ml. distilled water saturated with oxygen (30 min; 100 ml/min) were added
with vigorous shaking. 2500ul of this reaction mixture were dispensed into test tubes and 350 pl of the
different methanolic extracts, prepared at 2 mg/ml concentrations were added and the emulsion system was
incubated for 48 h. at room temperature. The same procedure was repeated with synthetic antioxidant, BHT as
positive control, and with a blank. After this incubation period, the absorbance of the mixtures was measured

at 490 nm. The antioxidative capacity of the extracts was compared with that of BHT and of the blank.
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2.4.5. Invitro lipid peroxidation determination

The extent of lipid peroxidation in liver rat homogenate was measured in vitro in terms of formation
of thiobarbituric acid reactive substances (TBARS), according to the method of Ohkawa et al. [27]. Different
concentrations of the different methanolic extracts were made up with methanol and expressed in terms of dry
weight (mg/ml). The simples were individually added to the liver homogenate (1ml). This mixture was
incubated with 1.15% KCL Lipid peroxidation was initiated by 5% of carboxymethyl cellulose (CMC). The
reaction mixture was incubated at 37°C for 1 h. An equal volume of TBA: TCA (1:1, 1 ml). Tubes were then
shacked and heated, in a water bath at 100°C for 20 min. After cooling with tap water; the tubes were
centrifuged for 10 min at 4000 rpm. The absorbance of the supernatant was measured at 532 nm against a
blank solution incubated without TBA. Peroxidation results were expressed as percentage of the inhibition in
lipid peroxidation.

2.5. In vivo study

2.5.1. Animals

In this investigation, thirty male albino Wistar rats weighing 170-210 g (8 weeks old), purchased from
the Pasteur institute in Algiers (Algeria) were used in these experiments. Rats were bred in our animal facility
in stainless metallic cages (6 animals /cage). Before the experimentation, animals were allowed to adapt to the
new housing environment for 1 week under standard laboratory conditions (12 h light : 12 h dark; 25+5°C).
Rats were fed food and water ad libitum. All experimental procedures were carried out in conformity with
international guidelines for the care and use of laboratory animals.

2.5.2. Hepatoprotective activity

The thirty experimental rats were divided into 5 groups, six rats in each group.
e Group I: served as controls and received an injection of vehicle (olive oil) alone;
e Group Il: Acute liver injury in rats was induced by a single intraperitoneal injection (i.p) with CCl,
dissolved in an equal volume of olive oil at a dose of 3 mL/kg body weight which is well documented to
induce hepatotoxicity;
e Group IlI: was administered methanolic extract of Matricaria pubescens at a dose of 500 mg/kg and was
injected by CCl, i.p, at a dose of 3 ml/kg body weight;
e Group IV: was administered methanolic extract of Centaurea incana at a dose of 500 mg/kg and was
injected by CCly i.p, at a dose of 3 ml/kg body weight;
e Group V: was administered methanolic extract of Santolina africana at a dose of 500 mg/kg and was

injected by CCl, i.p, at a dose of 3 ml/kg body weight.
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2.5.3. Plasma sample selection and hepatic function test

Twenty-four hours after the administration of CCly, blood samples were collected by orbital sinus
puncture into tubes containing anticoagulant. The samples were centrifuged at 6000 t/min for 15 min, and then
the plasma was removed immediately and stored at —20°C until biochemical analyses, then. The rats were
sacrificed by cervical dislocation and the liver of each rat was rapidly dissected and washed to remove excess
blood and cut into two pieces; the first piece was fixed in formalin for histological analysis, and the second
piece was homogenized in a teflon-glass homogenizer with a buffer containing 1.17% KCI, to obtain 1:10
(w/v) whole homogenate. The homogenates were centrifuged at 4000 t/min (+4°C) for 10 min, to determine
malondialdehyde (MDA) and catalase (CAT). Protein estimation was performed by Lowry et al. method [28].

2.5.4. Enzyme assays

2.5.4.1. Estimation of plasma AST, ALT and ALP levels

The Biochemical parameters like plasma enzymes: Aspartate transferase (AST), alanine transaminase
(ALT) and alkaline phosphatase (ALP) were measured by using Auto analyzer (Architedt ¢ system).

2.5.4.2. Catalase activity

Catalase (CAT) activity was measured by the method of Clairborne [29]. An aliquot of homogenate
supernatants (50 ul) was added to a quartz cuvette and, the reaction was started by the addition of freshly
prepared H,O, (19 mM) in phosphate buffer (50 mM, pH = 7.0). The rate of H,O, decomposition was
measured spectrophotometrically at 240 nm during 120 s and the activity of CAT was expressed as Ul/mg
protein.

2.5.5. Estimation of thiobarbituric acid reactive substances (TBARS)

The TBARS level, an index of malonyldialdehyde (MDA), the last product of lipid breakdown caused
by oxidative stress, was evaluated by the thiobarbituric acid reactive substances method (TBARS) and was
expressed as nmol/g weight tissue production was determined by the method of Ohkawa et al. [27]. Briefly,
an aliquot of 0.5 ml of tissue homogenates (10%, w/v) was mixed thoroughly with aqueous solution of
thiobarbituric acid (0.67%, 1ml) and trichloroacitic acid (20%, 0.5 ml) and heated at 95°C for 15 min in a
water bath. The suspension was then cooled to room temperature. After cooling, 4 ml n-butanol were added
and mixed vigorously. The n-butanol layer was separated by centrifugation at 3000 r/min for 15 min the
absorbance of the pink coloured supernatant was taken for spectrophotometry measurement at 530 nm for
MDA assay. The resultswere compared to a standard curve of malondialdehyde (MDA) and results were
expressed as nanomoles MDA per gram weight of tissue.

2.5.6. Histopathological study

For the histopathological study, liver tissues were fixed in 10% formalin, dehydrated in ethyl alcohol,

cleared in xylol, and then embedded in paraffin. Sections of 5 um thickness were stained with haematoxylin
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and eosin (H&E) to study the effect of different methanolic extracts on the CCI4 treated rats liver [30]. The
sections were then examined under light microscope. Photomicrographs of the desired sections were obtained
for further observations.

2.6. Statistical analysis

Results are expressed as Means + S.E.M. and all statistical comparisons were carried out by means of
one-way ANOVA test followed by Tukey-Kramer multiple comparisons test. The difference showing a P

level of 0.05 or lower was considered to be statistically significant.

3. Results and discussion

3.1. In vitro assays

3.1.1. Extraction yields, total phenolics and flavonoids content

The estimated yields of extraction in relation to total weight (100 g) of plant material showed that the
Matricaria pubescens and Centaurea incana have the highest yield (16% and 15% respectively), followed by
Santolina africana with 10%.

The amount of total phenolics content (TPC), measured by Folin-Ciocalteau method, varied in the
different methanolic extracts, varied from 15.056 to 27.304 mg Gallic Acid Equivalent (GAE)/g of dry
weight. The results showed that Santolina africana and Matricaria pubescens, have the highest phenolic
concentration (27.304+0.008 and 25.698+0.006 mg GAE/g of dry weight respectively), followed by
methanolic extract of Centaurea incana (15.056+0.016 mg GAE/g of dry weight) (Table 1).

The total flavonoids content (TFC), was determined using spectrophetometric method with
Aluminium chloride. The TFC of each extract varied from 11.979 to 21.879 mg QE/g of dry weight. The
results showed that Santolina africana contained the highest amounts of flavonoids (21.879+0.048 mg QE/g
of dry weight) compared to other extracts (Table 1).

3.1.2. DPPH radical scavenging activity

The results show that different methanolic extracts have a concentration-dependent scavenging
activity in quenching DPPH radicals.

The 1C5, (DPPH") values of different methanolic extracts and standards increased in the following
order: Centaurea incana (0.087 mg/ml) > Matricaria pubescens (0.044 mg/ml) > Santolina africana (0.032
mg/ml) > rutin (0.0041 mg/ml) > quercetin (0.0034 mg/ml) > gallic acid (0.00056 mg/ml). The highest
scavenging activity was observed for the extract from Santolina africana, whilst the lowest was observed for
the extract from Centaurea incana. However, different methanolic extracts showed the lowest effect than
standards (Fig. 1).
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Fig. 1. DPPH radical scavenging activity of different methanolic extracts; Matricaria
pubescens (MP) Centaurea incana (CI), Santolina africana (SA), rutine (Rut),
quercetine (Q) and gallic acid (Gal A). Data are presented as ICs, values. Each value
represents the mean + S.D (n = 3). (¥***p <0.001; compared to Gal A)

3.1.3. ABTS radical scavenging activity

The antioxidant capacity of methanolic extracts of Matricaria pubescens, Centaurea incana and
Santolina africana were valuated according to the ABTS decolorization method. The results of antioxidant
activity of all samples or standard trolox were expressed as TEAC values, as shown in (Table 1). The
methanolic extract of Santolina africana displayed the highest radical scavenging potential (0.11+0.001
TEAC). The methanolic extract of Centaurea incana had the lowest antioxidant capacity of 0.07+0.002
TEAC.

Table 1. Radical scavenging activity and total phenolic content of methanolic extracts of
Matricaria pubescens, Centaurea incana, and Santolina africana

sample Yiels DPPH ABTS Total phenol Flavonoids
(%) assay assay tent* tentsé
1C50 TEAC conten contents
(ng/ml)
Matricariapubescens 16 44.33+0.29 0.10+£0.001 25.698+0.006 11.979+£0.014
Centaurea incana 15 87.51+0.42 0.07£0.002 15.056+0.016 12.782+0.027
Santolina africana 10 35.64+0.30 0.11£0.001 27.304+0.008 21.879+0.048

Values are expressed as mean = SD (n=3-4). *:mg. GAE/qg. of dry weight, #:mg. QE/g. of dry weight.
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3.1.4. Reducing power

As illustrated in Fig. 2, Fe*" was transformed to Fe?" in the presence of methanolic extracts of
Matricaria pubescens, Centaurea incana, Santolina africana and the reference compound Gallic acid to
measure the reductive capability. The reducing ability of the extracts showed a dose-dependent trend
increasing with increase in the concentrations of the extracts. Methanol extract of Santolina africana exhibited
the highest reducing capability (0.473+£0.009) at the concentration of 0.5 mg/ml (p < 0.001), followed by
Matricaria pubescens extract (0.362+0.147) and Centaurea incana (0.161+0.027). The differences for the
antioxidant activity among the different extracts may be attributed to the type of phenolics compounds present

in this extract.

1,8
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1,2
1 —t— SA
0,8 ——MP
0,6 -
0,4
0,2
o B™-

0 0,5 1 1,5 2 2,5

Mean of A 700

Cl

ac gal

concentration (mg/ml)

Fig. 2. Reducing power of methanolic extracts of Matricaria pubescens (MP),
Centaurea incana (Cl), Santolina africana (SA), and gallic acid (ac gal).

Values are mean of numbers of triplicates = SD (n = 3)

3.1.5. Beta Carotene/Linoleic Acid Assay
The antioxidant activity of samples at the concentration of 2 mg/ml was reflected in their ability to
inhibit the bleaching of B-carotene. In this assay, the Santolina africana and Matricaria pubescens also

possessed better antioxidant activity than extract from Centaurea incana (Fig. 3).

23

Corresponding author: houriaboubellouta@gmail.com Full Paper
DOI: 10.2478/asn-2021-0003 ©2021 Konstantin Preslavsky University of Shumen. All rights reserved



mailto:houriaboubellouta@gmail.com

s scilendo ASN, Vol. 8, No 1, Pages 15-36, 2021

120

200 ——BHT
® 80 —l— MeOH
]
2 60 e H20
2
] e § A
=

40

i MIP

20 —o—Cl

Time (H)

Fig. 3. Changes in the percentage of the linoleic acid oxidation inhibition ratios under the
influence of different methanolic extracts; Matricaria pubescens (MP), Centaureaincana (CI)
and Santolina africana (SA) (2 mg/ml), compared to BHT as a positive control. Each value
represents the mean of numbers of triplicates + SD.

3.1.6. In vitro lipid peroxidation determination assay
In this study, in vitro lipid peroxidation was induced in rat liver by using CMC. The capacity of the
different methanolic extracts to inhibit lipid peroxidation is shown in (Fig. 4). The present results show that

Santolina africana possesses better dose-dependent generation of lipid peroxides than the other extracts.

86 -
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Fig. 4. Scavenging effect on lipid peroxidation by different methanolic extracts.
Matricaria pubescens (MP), Centaurea incana (Cl), Santolina africana (SA)
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3.2.1. Effect of different methanolic extracts on CCl,-induced hepatotoxicity and antioxidant
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Fig. 5. Effect of different methanolic extracts on plasma ALT in CCls-induced hepatotoxicity
in adult rats. Control, normal control; CCl,, CCl, model control; MP+CCl,, Matricaria
pubescens (500 mg/kgb.w.) + CCl, (3 ml/kg b.w.); CI + CCl,, Centaurea incana (500 mg/kg
b.w.) + CCl, (3 ml/kg b.w.); SA + CCl,, Santolina africana (500 mg/kg b.w.) + CCl, (3 ml/kg
b.w.). Results are presented as the means + SEM (n = 6). *,** *** Sjgnificant difference at
P <0.05, P<0.01and P <0.001 levels compared with the control group, respectively.
### Significant difference at P < 0.001 level compared with the CCl, group.
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Fig. 6. Effect of different methanolic extracts on plasma AST in CCl4-induced
hepatotoxicity in adult rats. Control, normal control; CCl,, CCl, model control; MP+CCl,,
Matricaria pubescens (500 mg/kg b.w.) + CCl, (3 ml/kg b.w.); CI + CCl,, Centaurea
incana (500 mg/kg b.w.) + CCl, (3 ml/kg b.w.); SA + CCl,, Santolina africana (500
mg/kg b.w.) + CCl, (3 ml/kg b.w.). Results are presented as the means + SEM (n = 6).

* ** *x** Significant difference at P < 0.05, P < 0.01 and P < 0.001 levels compared with
the control group, respectively. ### Significant difference at P < 0.001 level compared

with the CCl, group
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Fig. 7. Effect of different methanolic extracts on plasma ALP in CCl,-induced hepatotoxicity
in adult rats. Control, normal control; CCl,, CCl, model control; MP+CCl,, Matricaria
pubescens (500 mg/kg b.w.) + CCl, (3 ml/kg b.w.); Cl + CCl,, Centaurea incana (500 mg/kg
b.w.) + CCl, (3 ml/kg b.w.); SA + CCl,, Santolina africana (500 mg/kg b.w.) + CCl, (3 ml/kg
b.w.). Results are presented as the means = SEM (n = 6). *,** *** Significant difference at
P <0.05, P<0.01and P <0.001 levels compared with the control group, respectively.
### Significant difference at P < 0.001 level compared with the CCl, group

The effects of different methanolic extracts pretreatment on the CCl,-induced elevation of plasma
ALT, AST and ALP activities are shown in Fig. 5, Fig. 6, and Fig. 7, respectively. A single dose of CCl, (3
ml/kg, i.p.) caused hepatotoxicity in rats, as indicated by the increases in ALT, AST and ALP plasma levels.
However, pretreatment with methanolic extracts (500 mg/kg/day from Matricaria pubescens, 500 mg/kg/day
from Centaurea incanaand 500 mg/kg/day from Santolina africanarespectively, per os, for 4 weeks) partially
prevented the CCl4-induced elevations in ALT, AST and ALP serum levels.
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Fig. 8. Effects of different methanolic extracts on the hepatic MDA concentration in CCl,-induced
hepatotoxicity in adult rats. Contol, normal control; CCl,, CCl, model control; MP+CCl,, Matricaria
pubescens (500 mg/kg b.w.) + CCl, (3 ml/kg b.w.); CI + CCl,, Centaurea incana (500 mg/kg b.w.) +
CCl, (3 ml/kg b.w.); SA + CCl,, Santolina africana (500 mg/kg b.w.) + CCl, (3 ml/kg b.w.). Results
are presented as the means + SEM (n = 6). *,** *** Sjgnificant difference at P < 0.05, P < 0.01 and

P < 0.001 levels compared with the control group, respectively. ### Significant difference at P < 0.001
level compared with the CCl, group
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3.2.2. Assessment of in vivo lipid peroxidation in liver cells

The concentration of MDA, an end product of lipid peroxidation, in the rats treated with CCl,; was
increased when compared with the vehicle control rats (Fig. 8). Consistent with the plasma AST, ALT and
ALP activities, pre-treatment with methanolic extracts for 4 weeks to the rats resulted in a significant decrease
in the concentration of hepatic MDA when compared with the CCl, group.

3.2.3. Catalase activity

CCl, administration alone significantly depleted antioxidant enzyme catalase, activity, whereas

methanolic extracts pretreatment significantly protected against this depletion (Fig. 9).
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Fig. 9. Effects of different methanolic extracts on the hepatic catalase activity in CCl,-induced
hepatotoxicity in adult rats. Contol, normal control; CCl,, CCl, model control; MP+CCl,, Matricaria
pubescens (500 mg/kg b.w.) + CCl, (3 ml/kg b.w.); CI + CCl,, Centaurea incana (500 mg/kg b.w.) +

CCl4 (3 ml/kg b.w.); SA + CCl,, Santolina africana (500 mg/kg b.w.) + CCl, (3 ml/kg b.w.). Results are
presented as the means = SEM (n = 6). *,** *** Significant difference at P < 0.05, P < 0.01 and
P < 0.001 levels compared with the control group, respectively. ### Significant difference at P < 0.001
level compared with the CCl, group
3.2.4. Histopathology
Livers of rats in the control group showed a normal histological appearance (Fig. 10), whereas livers
of rats treated with CCl,; showed classic histology of cirrhosis, Coagulative necrosis, massive fibrosis,
mononuclear cell infiltration, hemorrhage, fatty degeneration and formation of regenerative nodules were
observed.
The protective effects exerted by methanolic extracts on CCl, as indicated by the biochemical data
(ALT, AST and ALP activities and MDA levels approximated to the levels in normal rats)were confirmed by

conventional histopathological examination.
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Fig. 10. Photomicrographs of histopathological studies of liver sections of experimental groups.
(A) control group | without any signs of liver damage. (B and C) CCl, group, liver sections with
extensive macrovesicular and microvesicular steatosis, massive hepatocytes degeneration, apoptosis
or necrosis, and inflammatory cells infiltration, sinusoids congestion (arrows). (D) Centaurea
incana (500 mg/kg b.w. + CCl, 3 ml/kg b.w) with microvesicular steatosis (arrows), (E) Matricaria
pubescens (500 mg/kg b.w. + CCl, 3 ml/kg b.w) and (F) Santolina africana (500 mg/kg b.w. + CCl,
3 ml/kg b.w.) showed a reduction of the macrovesicular and microvesicular steatosis, and a decrease
in area of degenerative hepatocytes. x 400, H & E).

4. Discussion

Many synthetic drugs protect against oxidative damage, but they have adverse side effects. An
alternative solution to the problem is to consume natural antioxidants from food supplements and traditional
medicines [31]. In almost all the traditional systems of medicine, medicinal plants play a major role and
constitute their backbone. Medicinal plants are the most important source of life saving drugs for a majority of
the world’s population.

Plant phenolics and flavonoids represent major groups of plant constituents that work predominantly
as powerful antioxidants or scavenger of free radicals. They play beneficial role in human health and
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cure/prevent ailments such as inflammatory disorders, cancer, cardiovascular diseases and diabetes which
occur due to the deregulation of free radicals generation in the cells [32].

The results of Ben Mansour et al. [19] show that ethanolic extracts contain 73.72+1.98 QE/g of dry
mass from Santolina africana. Other study of Béjaoui et al. [33] shows that methanolic extracts from
Santolina africana contain 42.56 + 0.980 QE/g of dry mass [33].

The difference between our results and their results can be attributed to the method of extraction and
the polarity of solvents used in the extract preparation [34].

DPPH is very popular for the study of natural antioxidants [35]. The antiradical activity of tested
compounds is expressed as a relative or absolute decrease of concentration of DPPH or as ICs,. DPPH is a
stable free radical and accepts an electron or hydrogen radical to become a stable diamagnetic molecule [36].
The reduction capability of DPPH radical is determined by the decrease in absorbance at 517 nm induced by
antioxidants. Quercetin, rutin and gallic acid are the reagents used as standards. The extracts are able to reduce
the stable radical DPPH to the yellow-coloured diphenyl picrylhydrazine.

It was demonstrated that DPPHe free radicals scavenger potential of polyphenolic compounds depends
on the particular substitution pattern of free hydroxyl groups on the flavonoids skeleton, the highly active
flavonoids possess a 3', 4’-dihydroxy occupied B ring and/or 3-OH group [37].

Antioxidant activity depends on the number and position of the hydroxyl groups of the aromatic ring
binding site and the type of substituent. ABTS.+ is a blue chromophore produced by the reaction between
ABTS and potassium persulfate.Phenols with two hydroxyl groups linked to the aromatic ring at the ortho
position more strongly quench ABTS«+ radical than compounds with hydroxyl groups substituted at the meta
position [38]. The results were compared with those obtained using trolox and the TEAC value demonstrates
thatthe methanolic extract of Santolina africana displayed the highest radical scavenging potential (0.11 £
0.001 TEAC).

The antioxidant activities of natural components may have a reciprocal correlation with their reducing
powers [39]. The reducing power assay is often used to evaluate the ability of the natural antioxidant to donate
an electron or hydrogen [40]. In this assay, the presence of reductants in the antioxidant sample causes the
reduction of the Fe*"'ferricyanide complex to the Fe?*'ferrous form [41], so the reducing power of the sample
could be monitored by measuring the formation of Perl’s Prussian blue at 700 nm.

The B-carotene-linoleic bleaching inhibition assay is considered to be a good model for membrane
based lipid peroxidation [42]. The presence of antioxidants in the extract will minimize the oxidation of -
carotene by hydroperoxides. Hydroperoxides formed in this system will be neutralized by the antioxidants

from the extracts. Thus, the degradation rate of B-carotene depends on the antioxidant activity of the extracts.
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The systematic literature collection, pertaining to this investigation indicates that the plant phenolics
constitute one of the major groups of compounds acting as primary antioxidants or free radical terminators.
Therefore, it is worthwhile to determine their total amount in the plants chosen for the study. Flavonoids as
one of the most diverse and widespread group of natural compounds, are likely to be the most important
natural phenolics [43]. These compounds possess a broad spectrum of chemical and biological activities
including radical scavenging properties.

Lipid peroxidation can be described generally as a process under which oxidants such as free radicals
or non-radical species attack lipids containing carbon-carbon double bond(s), especially polyunsaturated fatty
acids (PUFASs) [44]. Although the chemistry of initiation of peroxidation in membrane systems is not fully
understood, iron ions are believed to play an important role in this mechanism. Thus, there have been various
suggestions that iron-oxygen species are responsible for this initiation: perferryl radicals and specific Fe*'-
Fe**-0, complexes have been considered [45]. Phenolic compounds and other chemical components present
in the extract may suppress lipid peroxidation through different chemical mechanisms, including free radical
guenching, electron transfer, radical addition or radical recombination.

CCl, is a classical hepatotoxicant that causes rapid liver damage progressing from steatosis to
centrilobular necrosis. Long-term administration of CCl, causes chronic liver injury, and is a widely accepted
model to produce hepatic fibrosis [46, 47].

Serum levels of AST and ALT are the preferred indicatorsfor evaluation of liver function, they usually
reflectthe altered permeability of hepatocellular membrane andthe damaged structural integrity of hepatocytes
[48]. In the present study, thesingle oral dose of CCl, at 3 ml/kg caused a dramaticelevation in serum AST,
ALT and ALP activities, indicating anacute hepatotoxicity induced by administration of CCl, (Fig. 5, Fig. 6,
and Fig. 7). These parameters have been attributed to hepatic structural damage because these enzymes are
normally localized to the cytoplasm and are released into the circulation after cellular damage has occurred
[47]. The acute hepatotoxic effects induced by CCI, administration were confirmed histopathologically,
revealing extensive hepatocellular degeneration and necrosis, fatty changes, inflammatory cell infiltration,
congestion, and sinusoidal dilatation (Fig. 10). The obtained results are in accordance with those of the
previous reports [49, 50]. However, pretreatment with methanolic extracts (500 mg/kg/day from Matricaria
pubescens, 500 mg/kg/day from Centaurea incanaand 500 mg/kg/day from Santolina africana respectively,
per os, for 4 weeks), partially prevented the CCl,-induced elevations in ALT, AST and ALP serum levels. This
phenomenon was also confirmed by the results of histopathological examination, as evidenced bya dose-
related decrease in the incidence and severity of histopathologicalhepatic lesions.

The liver injury induced by CCl, is resulted from free radicals and lipid peroxidation that cause

hepatic cell damage. Lipid peroxidation is one of the principal causes of CCls-induced liver injury [47, 51]
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and is mediated by the free radical derivatives of CCl,. CCl, requires bioactivation by phase I cytochrome Pgsg
system in liver to form reactive metabolic trichloromethyl radical (CCle3) and peroxytrichloromethyl radical
(*OOCCl3). These free radicals can bind with polyunsaturated fatty acid (PUFA) to produce alkoxy (Re) and
peroxy radicals (ROOe), that, in turn, generate lipid peroxide, cause damage in cell membrane [51], change
enzyme activity and finally induce hepatic injury or necrosis [50]. In addition, the antioxidant activity and/or
the inhibition of free radical generation are important in terms of protecting the liver from CCl, induced
damage [51, 53].

MDA is a major reactive aldehyde that appears during the peroxidation ofbiological membrane
polyunsaturated fatty acid [54]. Therefore, the hepatic content of MDA is used as an indicator of liver tissue
damage involving a series of chain reactions [27].

In the present study, a single intraperitoneal injection of CCl, at 3 ml/kg resulted in a significant
increase in the hepatic MDA concentration, indicating increased lipid peroxidation caused by administration
of CCl, (Fig. 8). The significant dose-dependent decrease in the hepatic MDA concentration confirms that
pretreatment with different methanolic extracts (500 mg/kg/day from Matricaria pubescens, 500 mg/kg/day
from Centaurea incana and 500 mg/kg/day from Santolina africana respectively, per os, for 4 weeks), could
effectively protect against the hepatic lipid peroxidation induced by CCl,.

Generally, antioxidant enzyme such as catalase is easily inactivated by lipid peroxides or reactive
oxygen species, which results in decreased activity of this enzyme in CCl, toxicity. Thus, antioxidant enzyme
also plays an important role in the detoxification of xenobiotics, catalyzing their conjugation with reduced
GSH. Free radicals in CCl, intoxication are a major pathway of non-enzymatically induced lipid peroxidation,
which subsequently affect various enzyme activities in the body and therefore, may also be linked to
enzymatically induced lipid peroxidation [55]. As a result, we suggest that crude extracts protects against
significantly decreased catalase activities in rats treated with CCl, compared with control rats.

Histopathological studies were performed to provide direct evidence of the hepatotoxicity of CCl,. It
has been reported that CCl, causes necrosis, steatosis, and foamy degeneration of hepatocytes and hence
proved to be potent hepatotoxin [56-58]. Vacuolation of hepatocytes was described as microvesicular and
macrovesicular steatosis [58]. Furthermore, cytoplasmic vacuolation was attributed to lipid peroxidation
because of oxidative stress that damage cell membrane leading to increase in their permeability and
disturbance of the ions concentrations in the cytoplasm [60]. Dilatation of central veins, bloods sinusoids and
portal veins was attributed to inflammatory changes or ischemia and hypoxia following high fat diet [61].

In the present study, marked disruption of the structure of hepatocytes was noted in liver tissue of rats
exposed to CCl, alone after a single intraperitoneal injection with CCl,, at 3 ml/kg). Furthermore, it was

determined that the histopathological changes observed after administration of CCl, had disappeared in rats
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treated with CCl, and different methanolic extracts (500 mg/kg/day from Matricaria pubescens, 500
mg/kg/day from Centaurea incana and 500 mg/kg/day from Santolina africana respectively, per os, for 4
weeks), especially the methanolic extract from Santolina africana. This minimal disruption of the hepatocyte
structure complemented the results of the liver enzyme studies (AST, ALT and ALP activities and MDA

levels approximated to the levels in normal rats).

5. Conclusion

In conclusion, this study indicates that different methanolic extracts contains relevant antioxidant
compounds responsible, for its antioxidant and radicals scavenging activity. In the other hand, our results
demonstrate that methanolic extractfrom Santolina africana was able to reverse the pathological parameters,
such as fibrotic histological feature and serum levels of ALT, AST and ALP against CCl,-induced hepatic
damage. The mechanisms underlying hepatoprotection of the methanolic extract of Santolina africana may be
related to both its radical scavenging properties and indicate effects as a regulator of antioxidative systems but
further studies are needed in these directions.

6. Acknowledgments
This work was supported by the Algerian Ministry of Higher Education and Scientific Research
(Grant Nr F1220020) and by the Thematic Agency of Science Research in Health (DGRSDT, ATRSS). We

express our gratitude to both organizations.

7. References

[1]. Helmut, S.; Dean, P.J., Reactive oxygen species (ROS) as pleiotropic physiological signalling agents, Nat.
Rev. Mol. Cell. Biol., 2020, 21(7), 363-383.

[2]. Valko, M.; Leibfritz, D.; Moncol, J.; Cronin, M.T.D.; Mazur, M.; Telser, J., Free radicals and antioxidants
in normal physiological functions and human disease, Int. J. Biochem. Cell Biol., 2007, 39, 44-84.

[3]. Giordano, F.J., Oxygen, oxidative stress, hypoxia, and heart failure, J. Clin Invest., 2005, 115 (3), 500-8.

[4]. Bokov, A.; Chaudhuri, A.; Richardson, A., The role of oxidative damage and stress in aging, Mech
Ageing Dev., 2004, 125, 811-26.

[5]. Bissell, D.M.; Gores, G.J.; Laskin, D.L.; Hoofnagle, J.H., Drug-induced liver injury: mechanisms and test
systems, Hepatology., 2001, 33(4), 1009-13.

[6]. Mohi-Ud-Din, R.; Mir, R.H.; Sawhney, G.; Dar, M. A.; Bhat, Z. A., Possible Pathways of Hepatotoxicity
Caused by Chemical Agents, Curr Drug Metab, 2019, 20(11), 867-879.

[7]. Recknagel, R.O., Carbon tetrachloride hepatotoxicity, Pharmacol Rev., 1967, 19(2), 145-208.

32

Corresponding author: houriaboubellouta@gmail.com Full Paper
DOI: 10.2478/asn-2021-0003 ©2021 Konstantin Preslavsky University of Shumen. All rights reserved



mailto:houriaboubellouta@gmail.com
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giordano%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=15765131
https://www.ncbi.nlm.nih.gov/pubmed/15765131
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bissell%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=11283870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gores%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=11283870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laskin%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=11283870
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoofnagle%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=11283870
https://www.ncbi.nlm.nih.gov/pubmed/11283870
https://pubmed.ncbi.nlm.nih.gov/?term=Mohi-Ud-Din+R&cauthor_id=31702487
https://pubmed.ncbi.nlm.nih.gov/?term=Mir+RH&cauthor_id=31702487
https://pubmed.ncbi.nlm.nih.gov/?term=Sawhney+G&cauthor_id=31702487
https://pubmed.ncbi.nlm.nih.gov/?term=Dar+MA&cauthor_id=31702487
https://pubmed.ncbi.nlm.nih.gov/?term=Bhat+ZA&cauthor_id=31702487
https://www.ncbi.nlm.nih.gov/pubmed/?term=Recknagel%20RO%5BAuthor%5D&cauthor=true&cauthor_uid=4859860
https://www.ncbi.nlm.nih.gov/pubmed/4859860

$ sclendo ASN, Vol. 8, No 1, Pages 1536, 2021

[8]. Recknagel, R.O.; Glende, E.A.; Dolak, J.A.; Waller, R.L., Mechanisms of carbon tetrachloride toxicity,
Pharmacol. Therapeut., 1989, 43, 139-154.

[9]. Castro, J.A.; Diaz Gomez, M.I., Studies on the irreversible binding of "CCI, to microsomal lipids in rats
under varying experimental conditions, Toxicol. Appl. Pharmacol., 1972, 23, 541-552.

[10]. Diaz Gomez, M.1.; Castro, J.A.; De Ferreyra, E.C.; D'acosta, N.; De castro, C.R., Irreversible Binding of
14C from 14CC14 to Liver Microsomal Lipids and Proteins from Rats Pretreated with Compounds
Altering Mixed-function Oxygenase Activity, Toxicol. Appl. Pharmac., 1973, 25, 534.

[11]. Bounaga, N., Brac de la Pra., Plant genetic resources of the Sahara. Ann.Inst. Nat. Agro. El Harrach.,
1989, 12(1), 79-94.

[12]. Ozenda, P., Flora and vegetation of the Sahara. Ed. CNRS, Paris., 2004, 662.

[13]. Makhloufi, A.; Moussaoui, A.; Lazouni, H.A., Antibacterial activities of essential oil and crude extracts
from Matricaria pubescens (Desf.) growing wild in Bechar, South west of Algeria, J. Med. Plant Res.,
2012, 6(16), 3124-28.

[14]. Maiza, K.; Longeon, A.; Hammiche, V.; Guyot, M.; Maiza, B.F., Biological activities of plants collected
in the Algerian Sahara, Life sci. leafl., 2014, 52, 52-56.

[15]. Ozenda, P. In la flore du Sahara. Ed. CNRS, 1977.

[16]. Quezel, P.; Santa, S., Nouvelle flore de 1’Algérie et des régions désertiques méridionales. Ed. CNRS.,
1963, p. 949.

[17].Pottier-Alapetite, G., Flore de la Tunisie. Angiosperrnes Dicotylédones: apétales - dialypétales -
gamopétales. Premiére et deuxieéme partie. - Ouvrage publi¢ par le Ministere de 1'Enseignement Supérieur
et de la Recherche Scientifique et le Ministére de 1'Agriculture, Tunisie, 1979-1981, p. 1190.

[18]. Yawar, A., Spirituality in medicine: what is to be done? J. Royal Soc. Med., 2001, 94, 529-533.

[19]. Ben Mansour, R.; Gargouri, B.; Bouaziz, M.; Elloumi, N.; Belhadj, J.I.; Ghrabi, Z.; Lassoued, S.,
Antioxidant activity of ethanolic extract of inflorescence of Ormenis africana in vitro and in cell cultures,
Lip. Health Dis., 2011, 10, 78.

[20]. Derouiche, K.; Zellagui, A.; Gherraf, N.; Bousetla, A.; Dehimat, L.; Rhouati, S., Chemical composition,
antimicrobial and antioxidant activities of the essential oils of Santolina africana flowers, endemic in
Algeria, J. BioSci. Biotech., 2013, 2(3), 201-206.

[21]. Li W.D.; Wei C.L.; White, P.J.; Beta, T., High-amylose corn exhibits better antioxidant activity than
typical and waxy genotypes, J Agric Food Chem., 2007, 55, 291-298.

[22].Bahorun, T.; Gressier, B.; Trotin, F.; Brunete, C.; Dine, T.; Vasseur, J.; Gazin, J. C.; Pinkas, M.; Luycky,
M.; Gazin, M., Oxygen species scavenging activity of phenolic extract from Hawthorn fresh plant organs

and pharmaceutical preparation, Arzneim Forsch/Drug Res., 1996, 1-6.

33

Corresponding author: houriaboubellouta@gmail.com Full Paper
DOI: 10.2478/asn-2021-0003 ©2021 Konstantin Preslavsky University of Shumen. All rights reserved



mailto:houriaboubellouta@gmail.com

$ sclendo ASN, Vol. 8, No 1, Pages 1536, 2021

[23]. Burits, M.; Bucar, F., Antioxidant activity of Nigella sativa essential oil, Phytother Res., 2000, 14, 323-
28.

[24].Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.; Rice-Evans, C., Antioxidant activity
applying an improved ABTS radical cation decolorization assay, Free Radic Biol Med., 1999, 26, 1231-
1237.

[25]. Oyaizu, M., Studies on products of browning reactions: antioxidant activities of products of browning
reaction prepared from glucose amine, Jap J Nutr., 1986, 44, 307-315.

[26]. Dapkevicius, A.; Venskutonis, R.; Van Beek, T.A.; Linssen, P.H., Antioxidant activity of extracts
obtained by different isolation procedures from some aromatic herbs grown in Lithuania, J Sci of Food
Agr., 1998, 77, 140-46.

[27]. Ohkawa, H.; Ohishi, N.; Yagi, K., Assay of lipid peroxides in animal tissue by thiobarbituric reaction,
Anal Biochem., 1979, 95, 351-8.

[28]. Lowry, O.H.; Rosegrough, N.J.; Farr, A.L.; Randall, R.J., Protein measurement with the folin phenol
reagent, J Biol Chem., 1951, 193, 265-75.

[29]. Clairborne, A., Catalase activity. In: Greenwald RA, editor. CRC Handbook of Methods for Oxygen
Radical Research, Boca Raton, FL: CRC Press., 1985, 283-4.

[30]. Valeer, J.D., Liver tissue examination, J. Hepatol., 2003, 39, 543-9.

[31]. Lucena, M. I.; Sanabria, J.; Cortes, M.G.; Stephens, C.; Andrade, R. J., Drug-induced liver injury in
older people, Lancet Gastroenterol Hepatol, 2020, 5(9), 862-874.

[32]. Chouhan, H.S.; Singh S.K., Phytochemical analysis, antioxidant and anti-inflammatory activities of
Phyllanthus simplex, J. Ethnopharmacol., 2011, 137, 1337-1344.

[33]. Béjaoui, A.; Boulila, A.; Mahouachi, I.; Boussaid, M., Metabolic profile of the bioactive compounds of
Ormenis africana Jord. and Fourr. (Asteraceae) an endemic species from Tunisia, Int. J. Curr. Adv. Res.,
2013, 1(9), 124-131.

[34]. Marinova, E.M.; Yanishlieva, N.V., Antioxidant activity of extracts from selected species of the family
Laminaceae in sunflower oil, Food Chem., 1997, 58(3), 245-248.

[35].Villano, D.; Fernandez-Pachon, M.S.; Moya, M.L.; Troncoso, A.M.; Garcia Parilla, M.C.; Radical
scavenging ability of phenolic compounds towards DPPH, Free Radic. Res., 2007, 71, 230-235.

[36]. Soares, J.R.; Dins, T.C.P.; Cunha, A.P.; Almeida, L.M., Antioxidant activity of some extracts of Thymus
zyqgis, Free Radic. Res., 1997, 26, 469.

[37].Ami¢, D.; Davidovic’-Amic’, D.; Beslo, D.; Trinajstic’, N., Structure-radical scavenging activity
relationships of flavonoids, Croatica Chemica Acta., 2003, 76, 55-61.

34

Corresponding author: houriaboubellouta@gmail.com Full Paper
DOI: 10.2478/asn-2021-0003 ©2021 Konstantin Preslavsky University of Shumen. All rights reserved



mailto:houriaboubellouta@gmail.com
https://pubmed.ncbi.nlm.nih.gov/?term=Lucena+MI&cauthor_id=32818465
https://pubmed.ncbi.nlm.nih.gov/?term=Sanabria+J&cauthor_id=32818465
https://pubmed.ncbi.nlm.nih.gov/?term=Garc%C3%ADa-Cortes+M&cauthor_id=32818465
https://pubmed.ncbi.nlm.nih.gov/?term=Stephens+C&cauthor_id=32818465
https://pubmed.ncbi.nlm.nih.gov/?term=Andrade+RJ&cauthor_id=32818465

$ sclendo ASN, Vol. 8, No 1, Pages 1536, 2021

[38]. Sroka, Z.; Cisowski, W., Hydrogen peroxide scavenging, antioxidant and anti-radical activity of some
phenolic acids, Food Chem. Toxicol., 2003, 41, 753-758.

[39]. Yen, G.C.; Duh, P.D., Scavenging effect of methanolic extracts of peanut hulls on free-radical and active
oxygen species, J. Agric Food Chem., 1995, 42, 629-32.

[40]. Shimada, K.; Fujikawa, K.; Yahara, K.; Nakamura, T., Antioxidative properties of xanthum on the
autoxidation of soybean oil in cyclodextrin emulsion, J Agric Food Chem., 1992, 40, 945-48.

[41]. Giilgin, 1., Antioxidant and antiradical activities of L-carnitine, Life Sci., 2006, 78, 803-11.

[42].Ferreria, A.; Proenca, C.; Serralheiro, M.L.; Araujo M.E.M., The in vitro screening for
acetylcholinesterase inhibition and antioxidant activity of medicinal plant from Portugal, J.
Ethnopharmacol., 2006, 108, 31-37.

[43]. Agrawal, P.K., Carbon-13 NMR of flavonoids, New York., 1989.

[44]. Yin, H.; Xu, L.; Porter, N.A., Free radical lipid peroxidation: mechanisms and analysis. Chem. Rev.,
2011, 111 (10), 5944-5972.

[45]. Minotti, G.; Aust, S. D., The role of iron in the initiation of lipid peroxidation. Chem Phys Lipids., 1987,
44, 191-208.

[46]. Brautbar, N.; Williams, II, J., Industrial solvents and liver toxicity: risk assessment, risk factors and
mechanisms. Int. J. Hyg. Environ. Health., 2002, 205, 479-491.

[47]. Recknagel, R.O.; Glende, Jr., E.A.; Dolak, J.; Waller, R.L., Mechanisms of carbon tetrachloride toxicity,
Pharmacol. Ther., 1989, 43, 139-154.

[48]. Ding, R.B.; Tian, K.; Huang, L.L.; He, C.W.; Jiang,Y.; Wang, Y.T.; Wan, J.B.; Herbal medicines for the
prevention of alcoholic liver disease: a review, J. Ethnopharmacol., 2012, 144, 457-65.

[49].Wong, C.K.; Ooi, V.E.C.; Wong, C.K., Protective effects of N-acetylcysteine against carbon tetrachloride
and trichloroethyleneinduced poisoning in rats. Environ. Toxicol. Pharmacol., 2003, 14, 109-116.

[50]. L.W.Weber, M.; Boll, A., Stampfl, Hepatotoxicity and mechanism of action of haloalkanes: carbon
tetrachloride as a toxicological model, Crit. Rev. Toxicol., 2003, 33, 105-136.

[51]. Manibusan, M. K.; Odin, M.; Eastmond, D.A., Postulated carbon tetrachloride mode of action: a review,
J. Environ. Sci. Health. C Environ. Carcinog. Ecotoxicol. Rev., 2007, 25, 185-2009.

[52]. Hsu, Y.J.; Wang, C.Y.; Lee, M.C.; Huang, C.C., Hepatoprotection by Traditional Essence of Ginseng
against Carbon Tetrachloride-Induced Liver Damage, Nutrients, 2020, 12(10), 3214.

[53].Basu, S., Carbon tetrachloride-induced lipid peroxidation: eicosanoid formation and their regulation by
antioxidant nutrients, Toxicology., 2003, 189, 113-127.

[54]. Vaca, C.E.; Wilhelm, J.; Harms-Rihsdahl, M., Interaction of lipid peroxidation product with DNA. A
Rev. Mutat. Res. Rev. Genet. Toxicol., 1988, 195, 137-149.

35

Corresponding author: houriaboubellouta@gmail.com Full Paper
DOI: 10.2478/asn-2021-0003 ©2021 Konstantin Preslavsky University of Shumen. All rights reserved



mailto:houriaboubellouta@gmail.com
https://pubmed.ncbi.nlm.nih.gov/?term=Hsu+YJ&cauthor_id=33096694
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+CY&cauthor_id=33096694
https://pubmed.ncbi.nlm.nih.gov/?term=Lee+MC&cauthor_id=33096694
https://pubmed.ncbi.nlm.nih.gov/?term=Huang+CC&cauthor_id=33096694

$ sclendo ASN, Vol. 8, No 1, Pages 1536, 2021

[55]. Rahmouni, F.; Badraoui, R.; Amri, N.; Elleuch, A.; El-Feki, A.; Rebai, T.; Saoudi, M., Hepatotoxicity
and nephrotoxicity in rats induced by carbon tetrachloride and the protective effects of Teucrium polium
and vitamin C, Toxicol Mech Methods., 2019, 29(5), 313-321.

[56].Ha, K.T.; Yoon, S.J.; Choi, D.Y.; Kim, D.W.; Kim, J.K.; Kim, C.H., Protective effect of Lycium chinense
fruit on carbon tetrachlorideinduced hepatotoxicity. J. Ethnopharmacol., 2005, 96, 529-535.

[57].Porchezhian, E.; Ansari, S.H., Hepatoprotective activity of Abutilon indicum on experimental liver
damage in rats, Phytomedicine., 2005, 12, 62-64.

[58]. Wang, M.; Zhang, X.J.; Feng, R.; Jiang, Y.; Zhang, D.Y.; He, C.; Li, P.; Wan, J.B., Hepatoprotective
properties of Penthorum chinense Pursh against carbon tetrachloride induced acute liver injury in mice,
Chin Med., 2017, 12, 32.

[59]. Brunt, E.M.; Tiniakos, D.G., Alcoholic and non-alcoholic fatty liver disease. In:Odze RD, Goldblum JR,
Crawford JM, editors. Pathology of the GI Tract, Liver Biliary Tract and Pancreas. Philadelphia:
Saunders, 2009, 10, 87-114.

[60]. Panqueva, R.P.L., Pathological aspects of fatty liver disease, Rev Col Gastroenterol, 2014, 29 (1), 72-8.

[61].Nadia F.M.; Gehan M.S.; Ebtsam F.O.; Amany M.S., Histological, Immunohistochemical and
Biochemical Study of Experimentally Induced Fatty Liver in Adult Male Albino Rat and the Possible
Protective Role of Pomegranate, J Microsc Ultrastruct., 2018, 6(1), 44-55.

36

Corresponding author: houriaboubellouta@gmail.com Full Paper
DOI: 10.2478/asn-2021-0003 ©2021 Konstantin Preslavsky University of Shumen. All rights reserved



mailto:houriaboubellouta@gmail.com
https://pubmed.ncbi.nlm.nih.gov/?term=Rahmouni+F&cauthor_id=30676168
https://pubmed.ncbi.nlm.nih.gov/?term=Badraoui+R&cauthor_id=30676168
https://pubmed.ncbi.nlm.nih.gov/?term=Amri+N&cauthor_id=30676168
https://pubmed.ncbi.nlm.nih.gov/?term=Elleuch+A&cauthor_id=30676168
https://pubmed.ncbi.nlm.nih.gov/?term=El-Feki+A&cauthor_id=30676168
https://pubmed.ncbi.nlm.nih.gov/?term=Rebai+T&cauthor_id=30676168
https://pubmed.ncbi.nlm.nih.gov/?term=Saoudi+M&cauthor_id=30676168

