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ABSTRACT

Objective: The aim of this study was to investigate antioxidant and hepatoprotective properties of Iraqi Echinops heterophyllus aqueous crude extract
and its flavonoid fraction against methotrexate (MTX)-induced hepatotoxicity in rabbits.

Methods: MTX-induced hepatotoxicity by administration of 20 mg/kg MTX intraperitoneally for 3 successive days was used as animal model, and
animals were arrayed in four groups with eight animals in each group: Group 1 was the healthy control, Group 2 - the negative control receiving MTX
only, Group 3 received MTX+crude extract of E. heterophyllus, and Group 4 administered MTX+flavonoid fraction of E. heterophyllus. The study duration
was 10 days; at day 11, animals were sacrificed, and the blood samples were obtained for the measurement of serum aspartate aminotransferase,
alanine aminotransferase, alkaline phosphatase, total bilirubin, total protein, and albumin as well as ELISA assay of the oxidative stress markers such
as glutathione (GSH) and malondialdehyde (MDA). The liver was dissected and processed for histopathological investigation and scoring. Statistical
analysis was performed to investigate the significance of each result.

Results: The study results revealed severe liver damage due to MTX administration in the negative control (induced-non treated) group in comparison with
healthy group, also there was significant hepatoprotective effect after administration of the crude extract of E. heterophyllus, and flavonoids fraction from
Echinops heterophyllus as shown after measuring the biochemical liver function tests, as well as anti-oxidant properties demonstrated by the measurement of
oxidative stress markers MDA and GSH in serum. The crude extract of E. heterophyllus shown superior hepatoprotective and antioxidant effect. Histopathological
scoring showed a remarkable decrease in the scores of the treatment groups in comparison with the high score in the MTX only treated group.

Conclusions: MTX administered in a dose of 20 mg/kg for 3 successive days causes marked liver injury, while treatment with the crude extract and
flavonoid fraction of E. heterophyllus significantly ameliorates MTX-induced liver damage, although the crude extract of E. heterophyllus seems to have
the most hepatoprotective properties.
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INTRODUCTION E. heterophyllus and investigating its antimicrobial activity in vitro were
reported for the first time in a study which explored the antibacterial
action and the ability of purified and isolated sitosterols from this
plant, compared it with MEBO® and gentamicin, and found it to have

MEBO®’s same active ingredient phytosterols “chiefly sitosterol” [5].

Methotrexate (MTX), a folate pathway antagonist, is used in the
treatment of a diversity of neoplasms, including leukemias as well as
solid tumors [1]. It can cause diverse toxic effects on many body organs
such as bone marrow, skin, mucosal membranes, and gastrointestinal
tract [2], butits most disabling toxic effect is hepatotoxicity, represented
as increased transaminases, hepatitis, fibrosis, and cirrhosis. Despite
some vagueness regarding the mechanism of MTX-induced liver injury,
it is believed that the oxidative stress and resultant inflammatory
response are the main causes [3].

The main objective of this study was to investigate the antioxidant and
hepatoprotective properties of E. heterophyllus extract against MTX-
induced hepatotoxicity.

METHODS

Echinops heterophyllus from Family Compositae/Asteraceae (Botanical Chemicals

Name: E. heterophyllus P.H.Davis), its English name is Globe thistle and
Arabic name: Teskra, chouk el hmir, chouk el djamal, and sorr, is a plant
native in Iraq, In Hanara village and surrounding area in Wadi Bastora
and Shaklawa in Erbil Governorate, the plant is called (Shakroka). The
term Shakroka comes from the circle-like part of the plant, which has
sweet taste. It is a perennial, 40-100 cm high (Fig. 1) [4].

Phytochemical investigation of wild Iraqi E. heterophyllus shown
the presence of alkaloids, flavonoids, terpenoids, and steroids in
the different plant parts, and in different percentages, aerial parts
contain the maximum quantity of flavonoids, while seeds contain the
peak amount of alkaloids. A study established the helpful effect of
E. heterophyllus on the wound healing and proposed its potential as
an antimicrobial and anti-scar agent [4]. The presence of sitosterol in

The vials of MTX were commercially acquired from the pharmacy. All
the chemicals and reagents used for conducting the experiments were
analytically graded.

Animals

The study was conducted from March 2018 to May 2018 at the
Department of Pharmacology, College of Medicine, AL Nahrain
University. The experiments were approved by the Institutional Review
Board at the College of Medicine, AL Nahrain University. Domestic
rabbits aged 4-6 months and weighing 1-1.5 kg of both sexes were used
in this study. They were housed in the animal house in cages, which was
provided with a wire mesh floor. Before starting the study, the animals
were left for 72 h to acclimatize to the animal room conditions with a
12 hlight/dark cycle. All rabbits had free access to food and tap water.
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E. heterophyllus extraction

Aerial parts of the plant were purchased from Duhok in the North of Iraq
and identified by the National Iraqi Institute for Herbs. The extraction
was done in the College of Pharmacy, Baghdad University.

1. Shade-dried coarsely powdered aerial parts of plant (130 g) were
extracted with 300 ml of 90% ethanol in reflex apparatus until
complete exhaustion.

2. The alcoholic extract was evaporated under reduced pressure at
a temperature below 40°C to give a dark greenish-yellow residue
designated as a crude fraction 1 (F1).

3. Partofthe crude fraction was acidified with hydrochloric acid (5%) to
pH 2 and partitioned (3 times) with an equal volume of ethyl acetate.

4. The ethyl acetate layer was evaporated to dryness under reduced
pressure and basified with 300 ml of sodium hydroxide 5% to pH 10
and extracted with chloroform.

5. The aqueous basic layer was separated, evaporated to dryness,
acidified with 5% hydrochloric acid to pH 2, and then extracted
with ethyl acetate to get fraction designated as fraction 2 (F2) which
contains the flavonoids [4].

Qualitative estimation of flavonoid compounds of E. heterophyllus
using high-performance liquid chromatography (HPLC)

The flavonoid compound of E. heterophyllus was determined by a Waters
2695 HPLC system (Meadows Instrumentation, Illinois) and 2487
ultraviolet detector with ODS column (250 mm x 4.6 mm, 5 pum). 1 mg
of flavonoid fraction was dissolved in 5 ml 70% methanol and detected
at 320 nm at a flow rate of 1 ml/min. The data were analyzed with
the previously mentioned standards prepared as a solution mixture
containing 0.5 mg/1 ml of standards in methanol and performed as a
single run in HPLC.

Experimental design

Animals were allocated randomly into four groups (eight animals in
each group). MTX toxicity was induced in each group of animals (except
healthy control group) by injection of MTX 20 mg/kg intraperitoneally
i.p. [6] for 3 successive days. The total time span for the study was
10 days.

The study groups included:

e Group I: The animals were given distilled water (D.W) orally for
10 days, sacrificed on day 11, and served as healthy controls.

e Group II: The animals were given D.W orally for 10 days. MTX
(20 mg/kg) i.p was injected on 3™, 4™ and 5% days, and the animals
were sacrificed on day 11 and served as negative controls.

e Group III: The animals were given Echinops crude extract (F1) orally
250 mg/kg once daily for 10 days. On 3™ day hepatotoxicity induced
as in Group 1], the animals were sacrificed on day 11.

e Group IV: The animals were given Echinops flavonoid extract (F2)
orally 250 mg/kg [7] once daily for 10 days. On 3" day hepatotoxicity
induced as in Group 1], the animals were sacrificed on day 11.

. A '_);(‘-‘Av‘r_ l e
Fig. 1: Iraqi Echinops heterophyllus [4]
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Animal scarification, collection of blood, and liver dissection

At the end of experiment, the rabbits’ blood was collected in gel tube
under anesthesia by cardiac puncture, left to coagulate, and then
centrifuged at 3500 rpm for 15 min to the separate the serum. The
serum activity of liver enzymes such as aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP),
total serum bilirubin, serum albumin, total serum protein, and
oxidative stress markers such as malondialdehyde (MDA) and reduced
glutathione (GSH) was measured by commercially available Kkits. Then,
the liver was dissected and placed in 10% formalin at room temperature
for 4 h. Then, the tissue processed and stained by hematoxylin and
eosin for histopathological study. The prepared slides were examined
under light microscope, to assess the histopathological changes of liver
tissue. Semi-quantitative scoring system was applied for the evaluation
of liver lesions in drug-induced hepatitis [8] according to Table 1.

Statistical analysis

Statistical analysis was performed using Statistical Package for the
Social Sciences version (23) and Microsoft Excel Worksheet 2016.
Crude data were analyzed to obtain the mean #* standard deviation
(SD). Student t-test was used to compare between two groups. ANOVA
test was used to compare between different groups, followed by Tukey’s
post hoc analysis. p<0.05 was considered to be statistically significant
and p<0.001 considered as highly significant. Mann-Whitney U-test
was used for the comparison of histopathological score between two
groups.

RESULTS

Comparison between healthy control group and negative control group
in relation to serum liver enzymes, serum total protein (TP), serum
albumin, serum total bilirubin, serum GSH, and serum MDA showed
significant (p<0.05) increase in serum total bilirubin, serum ALP, serum
ALT, serum AST, and serum MDA and decrease in serum TP, serum
Albumin, and serum GSH as shown in Table 2.

The analysis by Mann-Whitney U-test was performed to the
histopathological scores between healthy control groups and negative
control group - MTX treated-group. The results showed statistically
highly significant increase (p<0.001) in the histopathological score
in negative control when compared with healthy control group
represented by portal inflammation with periportal interface hepatitis
(piecemeal necrosis) as shown in Fig. 2b.

Comparison between negative control group and MTX+ crude extract
of E. heterophyllus-treated group in relation to serum proteins, liver
enzymes, and oxidative stress markers revealed highly significant
decrease (p<0.001) in the level of serum AST in MTX+crude extract-
treated group in comparison with negative control group, while
statistically significant increase (p<0.05) was observed in the level
of serum total protein and serum GSH in MTX+crude extract-treated
group in comparison with negative control group. As shown in table 3
(only) as table 4 is for histopathological score comparison.

The analysis of histopathological score revealed statistically significant
decrease (p<0.05) in MTX+crude extract of E. heterophyllus-treated
group when compared with the negative control group represented
by significant restoration of hepatic architecture with mild portal
inflammation of mononuclear cells infiltrate as in Fig. 2c.

Table 1: Scheuer classification for grading of
hepatitis (modified) [8]

Grade Portal/periportal activity

None

Portal inflammation

Mild piecemeal necrosis
Moderate piecemeal necrosis
Severe piecemeal necrosis
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Comparison between negative control group and MTX+flavonoid
fraction of E. heterophyllus-treated group in relation to serum proteins,
liver enzymes, and oxidative stress markers revealed statistically highly
significant increase (p<0.001) in the level of serum TP, a significant
increase in serum GSH and serum ALB, and significant decrease
(p=<0.05) in serum ALT in MTX+flavonoid fraction of E. heterophyllus-
treated group in comparison with negative control group as shown in
Table 3.

The histopathological score analysis revealed statistically significant
decrease (p<0.05) in MTX+flavonoid fraction of E. heterophyllus-treated
group score when compared with the negative control group, and this
is demonstrated by significant restoration of hepatic architecture with
mild-to-moderate portal inflammation of mononuclear cells infiltrate
as shown in Fig. 2.

HPLC

HPLC chromatogram of flavonoid fraction is shown in Table 5 and
Fig. 3. HPLC scanning profile of 90% hydroalcoholic extract of flavonoid
fraction of E. heterophyllus showed quercetine at RT 6.56 as shown in
Fig. 4, kaempferol at RT 8.21 as shown in Fig. 5, rutin at RT 7.253 as
shown in Fig. 6, and catechin at RT at 11.9 as shown in Fig. 7.

DISCUSSION

It is well known that chemotherapeutic drugs do not possess full
selectivity for cancer cells, making them affect the normal cells with
high proliferation rate. This results in many toxic effects on several
organs such as bone marrow depression, gastrointestinal side
effects, lung fibrosis, nephrotoxicity, and hepatotoxicity and other
miscellaneous side effects [9]. Hepatotoxicity is one of the chief side
effects of MTX limiting its clinical use [10]. In spite of some vagueness
regarding the mechanism of MTX-induced liver injury, there are many
studies indicating the oxidative stress and triggering of inflammatory
response as being the main causes [3,11]. This necessitates looking for
agents with probable hepatoprotective properties to ameliorate the
toxic effects of MTX.

The results of the current study revealed hepatic injury due to MTX
administration, as shown by the serum levels of liver enzymes, total
bilirubin, TP, and oxidative stress markers.

Serum ALT and AST are the most relevant and applicable indicators of
hepatocellular injuries [12]., AST and ALP exist in high concentration
in the liver. When heaptopathy occurs, these enzymes leak into the
bloodstream in proportion with the extent of liver damage [13]. A major
rise in AST, ALT, and ALP signals hepatocellular injury or death [14].
MTX blocks the synthesis of nucleic acids, certain amino acids, and
consequently proteins, and this leads to damage of organelles and
plasma membranes of the hepatic parenchymal cells, interfering with
their function and allowing leakage of enzymes [15]. ALP and bilirubin
are sensitive markers for the investigation of biliary function [3]. Total
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bilirubin level is a marker for extensive liver damage or direct inhibition
of biliary transporters [16]. Bilirubin is one of the most useful clinical
clues to the severity of necrosis, and its accumulation is a measure
of binding, conjugation, and excretory capacity of hepatocyte [13].

Fig. 2: Histopathological observations (liver sections stained
with hematoxylin and eosin, magnification x20, (a) healthy
control: Showing normal hepatic tissue, no portal or periportal
inflammation, necrosis or fibrosis, (b) negative control group:
Showing portal inflammation with periportal interface hepatitis
(piecemeal necrosis), dilated sinusoids and bineucleated
hepatocytes (arrows), (c) crude extract of E.H.-treated group,
showing mild portal inflammation of mononuclear cells infiltrate
and bineucleated hepatocytes (arrows), (d) flavonoid fraction
of E.H.-treated group: Showing mild portal inflammation of
mononuclear cells infiltrate, bineucleated hepatocytes, and
hydropic changes(arrows), PV - Portal vein, BD - bile duct,
HC - hepatic cord, H - hepatocyte, S - sinusoid, MC - mononuclear
cell infiltrate
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Fig. 3: High-performance liquid chromatography of flavonoid
fraction

Table 2: Comparison between healthy control group (Gp1) and negative control group (Gp2) in relation to serum total protein, serum
albumin, serum total bilirubin, serum ALP, serum ALT, serum AST, serum GSH, and serum MDA

Parameter Gp1 healthy control (not treated) Gp2 negative control (given MTX) p value
n=8 (mean+SD) n=8 (mean+SD)

AST (u/1) 99.53+34.13 41.09+9.14 <0.001**
ALT (u/1) 73.88+15.5 50.13+24.85 0.038*
ALP (u/1) 59.0+26.24 26.75+10.91 0.006*
TSB (mg/dl) 0.12+0.05 0.03+0.02 <0.001**
S. Alb (g/dl) 3.3+0.26 3.9+0.37 0.002*
TSP (mg/dl) 5.35+0.24 6.21+0.68 0.004*
GSH (ug/ml) 23.77+3.56 271.35+38.94 <0.001**
MDA (nmol/ml) 2.79+1.28 0.41+0.43 <0.001**

*Denote significant difference at p<0.05, **denote highly significant difference at p<0.001. AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,
ALP: Alkaline phosphatase, MDA: Malondialdehyde, GSH: Glutathione, S. Alb: Serum albumin, TSP: Total serum protein, E.H.: Echinops heterophyllus, STP: Serum total

protein
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Table 3: Comparison between negative control, MTX+crude extract of E.H.-treated, and MTX+flavonoid fraction of E.H.-treated groups by
unpaired t-test

Parameters Negative control MTX+crude extract of E.H. MTX-+flavonoid fraction of E.H.
AST (u/1)
Mean+SD 99.53+34.13 39.78+24.03 74.34+28.52
p value 0.001 0.131
ALT (u/1)
Mean+SD 73.88+15.5 51.5+19.81 54.0+20.61
p value 0.025 0.047
ALP (u/1)
Mean+SD 59.0+26.24 34.75+25.79 47.13+28.24
p value 0.083 0.398
TSB ( mg/dl)
Mean+SD 0.12+0.05 0.07+0.04 0.08+0.04
p value 0.035 0.128
S. ALB (g/dl)
Mean+SD 3.3£0.26 3.59+0.33 3.74+0.43
p value 0.073 0.029
TSP (g/dl)
Mean+SD 5.35+0.24 5.79+0.41 5.93+0.28
p value 0.022 0.001
GSH (ug/ml)
Mean+SD 23.77+3.56 179.62+133.87 51.43+29.46
p value 0.005 0.020
MDA (nmol/ml)
Mean+SD 2.79+1.28 1.12+1.06 2.06+0.96
p value 0.013 0.216

*Denote significant difference at p<0.05, **denote highly significant difference at p<0.001. AST: Aspartate aminotransferase, ALT: Alanine aminotransferase,
ALP: Alkaline phosphatase, TSB: Total serum bilirubin, S. Alb: Serum albumin, TSP: Total serum protein, GSH: Reduced glutation, MDA: Malondialdehyde, E.H.: Echinops
heterophyllus

Table 4: Comparison of histopathological scores between AL e = =

healthy control group, negative control group-MTX-treated, = F SRR IR ppm) = Detactor &

500
MTX+crude extract of Echinops heterophyllus treated, and
flavonoid fraction of Echinops heterophyllus-treated groups by £
Mann-Whitney U-test E i )
Score Negative Healthy MTX+crude MTX+flavonoid 20
control  control extractof EH. fraction of E.H. =
Median 2.5 0.0 1.0 0.5

Range 1-3 0-1 0-2 0-2 <

pvalue <0.001 0.007 0.002 o 5 10 15 20 2

E.H.: Echinops heterophyllus

Table 5: Retention time of flavonoid compounds

Standard

Quercetine 6.56
Kaempferol 8.21
Catechin 119
Rutin 7.253

Retention time (min)

Decreasing in albumin and increasing bilirubin levels specify
hepatotoxicity and compromised liver function due to the MTX-induced
hepatocellular injury [14]. In the current study, administration of MTX
20 mg/kg for three successive days resulted in significant raise in
serum activity of liver enzymes (AST, ALT, and ALP), as well as elevation
of serum total bilirubin level. On the other hand, we noticed asignificant
decrease in the concentration of serum albumin and TP. These results
were consistent with previous studies of Famurewa et al. and Ali et al,,
who demonstrated that the MTX-induced liver injury is characterized
by significant raise in serum levels of AST, ALT, and ALP due to alteration
in hepatic transport function and membrane permeability, leading to
leakage of marker enzymes from the cells, and also decrease in ALB
(albumin) and TP indicating deteriorated hepatic synthetic function.
The resultant hepatotoxicity due to MTX administration was further
confirmed by the histological alterations [17].

30
{min.)

Fig. 4: High-performance liquid chromatography of quercetine
standard

— F:\Keamferol ( 20 ppm ) - Detector 1

8.21

0.0

3
[min.}

Fig. 5: High-performance liquid chromatography of kaempferol
standard

Oxidative stress is the main cause of the tissue damage caused by MTX,
and it results due to the imbalance between production of reactive
oxygen species (ROS) and antioxidant defense system (GSH) due to
excess production of ROS [18] such as superoxide radical, hydrogen
peroxide, and hydroxyl radical, which pushes cell toward oxidative
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Fig. 6: High-performance liquid chromatography of rutin
standard
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Fig. 7: High-performance liquid chromatography of catechin
standard

stress [10], due to exhaustion of mitochondrial enzymatic and non-
enzymatic antioxidants machinery [3], enhancing the generation
of ROS and nitrogen species, preventing cytosolic NADP-dependent
dehydrogenase and NADP malic enzyme, causing decrease in the levels
of glutathione, superoxide dismutase, and catalase, and ultimately
decreasing the effectivity of the antioxidant defence system responsible
for protecting the cell against ROS [11,15].

Reduced nicotinamide adenine dinucleotide phosphate (NADPH) is
used by glutathione (GSH) reductase to maintain the reduced state
of cellular GSH which is an important antioxidant present in cytosol.
Recent evidence demonstrate that MTX administration triggers a
reduction in NADPH and GSH and upregulates ROS and hepatotoxic
manifestations associated with decreased cellular antioxidant defense
system, resulting in hepatic oxidative damage, membrane degradation,
and cellular dysfunction [10]. In the current study, there was a significant
reduction in the level of serum GSH. This finding was consistent with
the study of Famurewa et al, who found that MTX administration
elicited significant reduction in hepatic activities of SOD, CAT, GPx, and
GSH [3], and the studies of Turgut et al, Rath et al, and Wu et al.,, who
found that oxidative hepatocellular damage leads to reduced levels of
liver and serum GSH [19,20].

It was found that MTX-induced toxicity was associated with rises in lipid
peroxidation in several tissues, such asliver, kidney, and ileum [10]. Lipid
peroxidation plays a crucial role in cell membrane damage [15]. MTX
can bind lipids in a cell membrane (containing unsaturated fatty acids,
nucleic acids, and proteins) [21] or may generate superoxide anions and
highly reactive hydroxyl radicals and their derivatives [6], and these free
radicals react with membrane lipids and poly-unsaturated fatty acids
beginning lipid peroxidation and cell death [14]. MDA is a metabolite
of polyunsaturated fatty acid peroxidation and is a reliable indicator of
the degree of lipid peroxidation [3]. In the current study, there was a
significant rise in the level of MDA indicating the lipid peroxidation and
cellmembrane damage due to MTX administration, and this observation
was in consistence with the study of Mehrzadi et al, which showed that
MTX rises hepatic MDA levels, indicating that MTX results in oxidative
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damage to the lipids and proteins of the liver and leads to structural and
functional changes in antioxidant enzymes [11]. Furthermore, a study
of Turgut et al. revealed that hepatotoxicity and lipid peroxidation lead
to increased level of MDA in the liver and serum [19]. Many studies had
revealed that hepatotoxic agents which create an oxidative stress in the
hepatocytes are accompanied with raise in serum MDA [22,23].

The histopathological observation of the MTX-administered group
revealed inflammatory reactions and cell death signs, ranging from
mild hepatitis to severe piecemeal necrosis (also known as “interface
hepatitis”) in most samples.

Similar observations have been revealed in the study of Mahmoud
et al. and Hafez et al, who showed that MTX-induced inflammatory
cell infiltration, severe hepatocyte degeneration, bile duct hyperplasia,
hyperemia, sinusoidal dilatation, and necrosis [24].

Increased oxidative stress accompanied with dramatic decline in
cellular antioxidant defense system is the main cause of the tissue
damage caused by MTX through induction of morphological and
functional changes in the liver tissue [6,11]. MTX-triggered production
of ROS stimulates the accumulation of leukocytes in tissues, indirectly
exacerbates tissue injury through activated neutrophils, and thus
induces marked, non-specific hepatic lesions, such as congestion and
dilatation of sinusoids, cytoplasmic hydropic and fatty vacuolation,
focal necrosis, and portal inflammation [25].

The results of the present study showed a significant protective effect
of the crude extract of E. heterophyllus on hepatic function. There was
a significant prevention of MTX-induced hepatotoxicity in the group
receiving crude extract of E. heterophyllus, manifested by decreased serum
liver enzyme activities and total bilirubin concentration, and this was
accompanied with restoration of hepatocytes synthetic function appeared
as raise in serum level of albumin and TP. Furthermore, the antioxidant
effect of the crude extract of E. heterophyllus was obvious through the
significant raise in serum GSH level as well as serum MDA decline.

These findings indicate that the crude extract of E. heterophyllus
possesses an antioxidant as well as hepatoprotective activity. These
actions can be attributed to many phytochemical constituents presentin
E. heterophyllus, such as flavonoids, terpenoids, and quinolin alkaloids.

The histopathological examination of the MTX+crude extract of
E. heterophyllus-treated group showed obvious improvement in the
histopathological score, manifested mainly by decreased number
of inflammatory cells infiltrated to the liver tissue and decreased
hepatocyte damage. This observation reflects the anti-inflammatory
action and healing properties of E. heterophyllus crude extract.
A previous study done on E. heterophyllus extract had shown similar
effects on wound healing, and it revealed that applying crude extract of
E. heterophyllus plant accelerated wound healing and repair [4].

The treatment of MTX-intoxicated rabbits with flavonoid fraction of
E. heterophyllus showed significant hepatoprotective effect through
significantdecreasedlevel of serumliver enzyme ALT; furthermore, there
was an increase in the concentration of STP and albumin in comparison
with the negative control indicating prevention of hepatotoxicity
and restored synthetic function of the liver and reduced albumine
loss through the kidney due to MTX-induced nephrotoxicity [15].
The flavonoids possess 15 carbon skeleton (benzopyran) C6-C3-C5
backbone structure, and it is composed of two benzene rings, called
ring A and ring B bridged by heterocyclic ring called ring C [26].

Flavonoids reveal high antioxidant activity, protecting tissues
from damage caused by ROS, reducing oxidative stress markers
like MDA [27]. The mechanisms include direct scavenging of ROS,
stimulation of antioxidant enzymes like SOD, and inhibition of oxidases
(such as NADPH oxidase) dependent production of superoxide anion
and other ROS [28,29].
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Flavonoids have been shown to have protective effects against drug-
induced toxicity [30]. The present results were consistent with a
previous study which showed similar results after treatment of CCl4-
induced hepatotoxicity with seed extract of Echinops tenuisectus
containing high concentration of flavonoids, by decreased AST and
ALT levels, and this observation was attributed to the hepatoprotective
effect of flavonoids which possess antioxidant properties resulting
in improvement in the normal physiology of hepatocyte [7]. In many
other studies, the antioxidant and hepatoprotective effect of flavonoids
extracted from diverse plants were represented by a raise in GSH and
a decline in MDA levels in CCl4-induced [7,31] as well as MTX-induced
hepatotoxicity models [6].

In the current study, flavonoid fraction of E. heterophyllus exerted a
protective effect on the liver tissue, lowering the histopathological
scores and regaining the nearly normal architecture of liver tissue
as well as decreased the number of inflammatory cells infiltrated.
This observation was in agreemen with several previous studies on
flavonoids extracted from diverse plant species, such as Abdulrazzaq
et al, (2008) study which revealed that Pre-treatment of rats with
flavonoids rich seed extract of Echinops tenuisectus before CCl4
intoxication obviously decreased the CCl4 induced hepatic injury [31].
a study done by Gupta et al, (2015), revealed the hepatoprotective
activity of flavonoid fraction of three indian herbs [32], and the study
of Pattanayak et al, on herbal flavonoid extract showed significant
improvement in the histopathological features of flavonoid-treated
groups in comparison with negative control group in an acetaminophen-
induced liver toxicity, while Wu et al.,, showed similar activity of total
flavonoids of Laggera alata on a CCl4-induced liver toxicity model.
Based on these observations, it is concluded that the hepatoprotective
effect of flavonoids is a result of their antioxidant and, hence, anti-
inflammatory properties [33].

HPLC

Modern HPLC uses high pressure to force the mobile phase and an
analyte through a closed column packed with micron-size particles,
which constitute the stationary phase [34].

HPLC, in this study, showed different bands in ethanol extract of
flavonoids of E. heterophyllus with different RT value under UV light
at 265 nm. These bands indicate the presence of quercetine, rutin,
keampferol, and catechin compounds as mentioned in results.

CONCLUSIONS

The current study showed that the crude extract of E. heterophyllus
and flavonoid fraction of E. heterophyllus had exerted hepatoprotective
activity through their positive effects on liver function tests, oxidative
stress, and histopathological scores. The crude extract of E. heterophyllus
has more potent hepatoprotective effect due to the presence of many
hepatoprotective phytochemicals.
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