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ESI-MS via chlorogenicacid as a marker. Overall polyphenolic constituents demonstrated by means of
LC/MS profiling. The nutritional values and inulin contents of different assessed parts were investigated.
The present study was designed to determine the effect of artichoke: leaves, bracts, receptacles and
roots alcoholic extracts against CCls-induced acute hepatotoxicity and hyperlipidemia in rats by means
of histopathological and biochemical parameters. Serum liver enzymes levels of aspartate amino trans-
ferase, alanine amino transferase, alkaline phosphatase and lipid peroxidase content (malondialdehyde
MDA) were estimated. Blood glutathione, total cholesterol, triacylglycerides and high density lipid level
were estimated in plasma. The ethanol extract of roots, leaves, bracts and receptacles were standardized
to (0.82+£0.02, 1.6 £0.06, 2.02 +0.16 and 2.4 £ 0.27 mg chlorogenic acid/100 mg extract), respectively.
The receptacle showed the highest content of polyphenols and exhibits the highest antioxidant activity.
HPLC analysis of inulin in the receptacles of globe artichoke revealed high content of inulin (41.47 mg/g)
dry extract. All artichoke parts contain comparable vitamins and minerals. Artichokes receptacles extract
when taken in dose of (500 mg/kg/day) reduce the lesion caused by CCl4 alone more than groups receiving
silymarin. Bracts and leaves extract exert nearly the same effect.
© 2018 Sociedade Brasileira de Farmacognosia. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Developing countries generally have greater share of burden
liver diseases (Elizabeth, 2008). The load of liver diseases in Egypt
is exceptionally high maintaining the highest prevalence of hep-
atitis C virus worldwide, as well as rising rates of hepato-cellular
carcinoma (Strickland, 2006). Egypt has the highest serological
prevalence of hepatitis C virus in the world ranging from 6 to 28%
with average approximately 15% in the general population (Saad
etal.,, 2011). The above serious problem in Egypt demonstrates the
urgency of finding a hepatoprotective drug from natural source in
order to face this intense ongoing endemic outbreak.

Globe artichoke (Cynara scolymus L.) is a perennial plant belong-
ing to Asteraceae. It is cultivated worldwide for its immature edible
flower heads consisting of fleshy leaves (bracts) and receptacles
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(Jonne et al., 2007). Globe artichoke was known by the ancient
Egyptians as food and medicinal entity and known by Greeks and
Romans. It was an important menu item at feasts until the fif-
teenth century. It is popular for its pleasant bitter taste which is
mostly attributed to bioactive material called cynarin (Rottenberg
and Zohary, 1996).

The plant is recognized in herbal medicine where foliage
leaves are utilized for production of commercial extracts used as
hepatoprotective and choleretic in food supplements (Gebhardt,
2005). These important activities have been attributed to several
metabolites including polyphenols such as cynarin, caffeoylquinic,
chlorogenic acid, flavonoids such as luteolin or its glycosides
(Lattanzioa et al., 2009; El Senousy et al., 2014). Other constituents
are also reported such as sesquiterpenes (grosheimin, cyanoropi-
crin), saponins, fatty acids and others. Metabolite variability are
reported among the different cultivars of C. scolymus (Farag et al.,
2013) as determined by analysis of principle components. Varia-
tion of constituents has been documented depending on genotype,
harvest time, part used, soil, climate etc. (El Senousy et al., 2014).
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Globe artichoke has been the subject of study by many investi-
gators (Gebhardt, 2005; Wagenbreth and Eich, 2005; Jonne et al.,
2007). These investigations focused mainly on using the artichoke
leaf extract for liver protection against chemical pollutant and viral
infections. Artichoke plant is traditionally used for treating liver
diseases as well as hyperlipidemia (Gebhardt and Fauseel, 1997).

The aim of this work is: (i) to evaluate and set up standard
measures for C. scolymus cultivar balady growing at Nahia region
at Giza; (ii) to reveal the characteristic profile of major pheno-
lics and structurally related ingredients in the extracts of different
organs, especially the edible parts (receptacle and bracts) using
optimized HPLC conditions; (iii) to quantify the contents of dietary
constituents; (iv) to compare the therapeutic value of this plant
as a hepatoprotective drug versus the well-established silymarin
obtained from milk thistle.

Experimental
Plant material

The samples of Cynara scolymus L., Asteraceae, were collected
from Nahia region at Giza, Egypt, May 2014. The cultivar is known
as Balady. A voucher specimen (numbered 8.5.2014) has been
located at the herbarium of Pharmacognosy Department, Faculty
of Pharmacy, Cairo University, Egypt. Three kilogram of air-dried
powdered different parts (leaves, receptecals, bracts and roots) of
C. scolymus was extracted by cold percolation (5 x 3 1) with ethanol
(70%) till exhaustion. Greenish brown residues were collected after
evaporation of the solvent. Solvent in each case was totally evapo-
rated below reduced pressure and residues obtained were kept for
the study.

Chemical measures

Solvent: ethanol 70% (commercial grade). Reagants: Folin-
Ciocalteu reagent (Sigma-Aldrich). The DPPH (2,2-diphenyl-
1-picrylhydrazyl) reagent (Sigma-Aldrich). Authentic reference
materials: chlorogenic acid, benzoic acid, gallic acid, caffeic acid,
cinnamic acid, ellagic acid and inulin (Sigma-Aldrich).

HPLC standardization of artichoke extracts

Artichoke particularly the edible organs namely receptacle and
bracts were reported to contain chlorogenic acid. Hence, it deemed
necessary to shed light on its concentration indifferent plant
extracts. The artichoke extracts of leaves, bracts, receptacles and
roots were standardized according to their chlorogenic acid con-
tent (European Pharmacopoeia, 2006). An Agilent 1200 series HPLC
was used, equipped with a quaternary pump and an auto sampler.
Samples were dissolved in methanol, filtered through PTFE 0.45 pm
syringe filter (Macherey-Nagel, Germany) and injected into Zorbax
C8 (5 um, 4.6 x 250 mm) column. The mobile phase was methanol
(solvent A) and 0.3% phosphoric acid in water (solvent B). Gradient
elution was carried out at a flow rate of 1 ml/min. Measurements
were made with an injection volume of 20 pl and UV detection at
330 nm.

Preparation of standard for HPLC

Standard stock solution of chlorogenic acid was prepared by dis-
solving 10 mg chlorogenic acid in 50 ml methanol. Transfer 5 ml of
this solution to a volumetric flask, add 5 ml of methanol and dilute
to 20 ml with water. Then concentrations of 0.2, 0.4, 0.6, 0.8 and
1 mg/ml were prepared.

Preparation of test solution

To 50mg extract (leaves, bracts, receptacles and roots) 5ml
methanol added then filtered, 5ml of filtrate was taken in vol-
umetric flask and 5ml methanol was added then completed to
20 ml with water. These concentrations were separately subjected
to HPLC analysis according to condition mentioned before then cal-
ibration curve were established. Another sample of Super Artichoke
capsules® (Western Medical) which is a commercially available
drug, consisting of cynarin at a concentration of 320 mg, was
analyzed under the same conditions for comparison with four arti-
choke extracts.

LC-DAD-ESI-MS separation technique

Separation of the sample was carried by a bounded silica C18
column (4.6 x 150 mm 3 pm). The sample filtrate by Teflon 0.45
membrane filter, then 10 pm of sample dissolved in 1 ml of MeOH
to carry out analysis (Fritsche et al., 2002). Chemical compounds
were analyzed via reversed phase HPLC using a binary gradient
consisting of solvent A: isopropanol/acetonitrile/methanol/0.3%
aqueous formic acid 18:30:12:40 (v/v) and solvent B: 0.3% aque-
ous formic acid. A linear gradient from 8% (A) (Omin) to 48%(A)
(35min) at a flow rate of 1 ml/min was applied, at temperature
25°C. The column is interfaced with electrospray (Bruker daltonic
Esquire-LC mass spectrometer (Bremen, Germany), and Dionex
Ultimate 300 (Germany) equipped with a quaternary pump with an
on line degasser, a thermostatted column compartment, a photo-
diode array detector (DAD), an auto sampler, and HyStar software.
Mass spectra were acquired in positive ion mode at a voltage of
70V. Nitrogen was used as drying gas at a flow rate of 101/min and
300°C. Nebulizer pressure was set to 60 psi. The capillary voltage
was optimized to 3500 V. For all spectra manual baseline subtrac-
tion was performed. This analysis was kindly performed at institute
for Environmental Studies and Research.

Spectrophotometric determination of total polyphenols

Determination of total phenolics according to Singleton and
Rossi (1965).

Preparation of standard solution

The standard stock solution of gallic acid was prepared with
different concentrations (0.025, 0.05, 0.1, 0.2, 0.3 and 0.4 mg/ml) in
ethanol.

Preparation of test samples

Extract (0.1g) was dissolved in 100 ml distilled water, 0.8 ml
was taken to which 0.4 ml Folin-Ciocalteu and 4 ml distilled water
were added, then diluted to 10 ml with sodium carbonate (290 g/1).
The solution was thoroughly mixed and incubated for 30 min, then
total phenols were spectrophotometrically estimated at 760 nm.
The concentration of total phenolics was expressed as gallic acid
equivalent (GAE) per 1g of fresh sample. All experiments were
carried out in triplicates.

HPLC analysis and identification of phenolic compounds

The phenolic compound analysis was carried out using an Agi-
lent Technologies 1100 series liquid chromatograph (RP-HPLC)
coupled with a UV-Visible multi wavelength detector. The sepa-
ration was carried out on a 250 x 4.6 mm, 4 pm Hypersil ODS C18
reversed phase column at ambient temperature. The mobile phase
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consisted of acetonitrile (solvent A) and water with 0.2% sulfuric
acid (solvent B). The flow rate was kept at 0.5 ml/min. The gradi-
ent programme was as follows: 15% A/85% B 0-12 min, 40% A/60%
B 12-14min, 60% A/40% B 14-18 min, 80% A/20% B 18-20min,
90% A/10% B 20-24 min, and 100% A 24-28 min (Bourgou et al.,
2008). The injection volume was 20 .1, and peaks were monitored
at 280 nm. Samples were filtered through a 0.45 wum membrane fil-
ter before injection. The identification of each compound was based
on a combination of retention times as well as spectral matching
to those of authentic samples and relative area percentages com-
puted by integration. All analyses were compared with injected
standards of each phenolic acid separately and calculated according
to following equation:

_ Concentrationof standard x injection volume of standard x
- areaof standard x injection volume of sample

areaof sample x volume of sample

xweight of sample x volume of standard x 100

Nutritional values of artichoke

Moisture content, total ash, protein, fibers, carbohydrates con-
tent, minerals as (sodium, calcium, iron) and vitamins (A, C, and
E) were tested using 100 g fresh receptacles according to (AOAC,
2005)

Determination of inulin content

Inulin content was determined by HPLC technique in the recep-
tacle only because it is the edible portion. One gram of fresh
receptacle was accurately weighed and extracted with 90 ml hot
water in a shaking water-bath at 85 °C for 25 min, then the beaker
was cooled to 60°C. At this temperature 100 ul of inulinase was
added to the beaker and incubated in a shaking water-bath at 60°C
for 30 min for total digestion of inulin or inulin oligomers. Then, the
beaker was cooled to room temperature and transferred to 100 ml
volumetric flask and completed to 100 ml with water. Then after the
processes of centrifugation (10,000 x g, 20 min) and filtration the
solution was injected into the HPLC Agilent 1200 series equipped
with a quaternary pump and auto sampler, Zorbax column 5 pm,
4.6 x 250 mm with a flow rate 1 ml/min and detected at wave length
330 nm (Ronkart et al., 2007). Results were compared to standard
inulin according to the following equation:

_ Conc.of standard x injection volume of standard
areaof standard x injection volume of sample

x areaof sample x volume of sample

x weight of sample x volume of standard x 100

Materials for biological study

The methanol extract of artichoke (leaves, receptacles, bracts
and roots) was investigated at a dose level of 500 and
900 mg/kg/day. Animals: 120 male albino rats weighing between
80 and 100 g were purchased from Research Institute of Ophthal-
mology, Cairo, Egypt. They were kept under standard conditions
with temperature at 23 +2°C and a 12/12h light/dark cycle and
allowed free access to food and water throughout the experiment.
To facilitate measures of food intake, rats were housed conven-
tionally in individual stainless steel hanging wire-mesh cages, and
fed with standard pellets, commercial standard chow (18% protein;
Global 2018, Harlan Teklad, Madison, WI) and water ad libitum. This
study was conducted in accordance with the standard guidelines
used in handling of the experimental animals and approved by the

Institutional Animal Care and Use Committee (IACUC) (No. 9-031),
College of Pharmacy, Cairo University. Carbontetrachloride reagent
99.9% (Sigma-Aldrich), silymarin from market as Legalon® ), kits for
hepatoprotective and hypocholesterolemic activities (BioDiagnos-
teic Company) and formal saline (formalin 100 g, sodium chloride
8.5 g, water 900 ml).

Antioxidant activity

The antioxidant activity was assayed using a DPPH assay (Burda
and Oleszek, 2001). DPPH solution was prepared with an HPLC
grade methanol at a concentration of 0.004%. Each standard extract
(0.05 ml) was added to 5 ml of DPPH solution (0.025 g/1). Blank sam-
ples were run using 100 .1 water in place of the plant extract. After
a 30 min incubation period in the dark at room temperature, the
absorbance was measured against a blank at 517 nm spectropho-
tometrically using Unicam UV Series vision 32 software operating
manual. Gallic acid was used as positive control at a concentration
of 0.02, 0.04, 0.06, 0.08 and 0.1 mg/ml. Inhibition of free radical in
percent (I%) was calculated according to this formula:

AO — Ai
AO
where AO is the absorbance of the control reaction (containing all

reagents except the extract), and Ai is the absorbance of the extract.
Measurements were carried out in triplicates.

1% = x 100

Hepatoprotective, hypocholesterolimic and hypolipidemic
activities

Liver damage in rats was induced by intraperitoneal injec-
tion of carbon tetrachloride (CCly) at a dose of 0.4ml/kg body
weight (diluted in olive oil 1:4, v/v) twice weekly for one month
(Canturk et al., 1999). Liver protection activity of four organs of
artichoke extracts at a dose of 500, 900 mg/kg/day were compared
with silymarin at a dose of 500 mg/kg/day. Rats were divided into
twenty groups, each contains six rats. At the end of the exper-
imental period, the animals were sacrificed by decapitation and
blood samples were collected into plain centrifuge tubes (to sepa-
rate the serum by centrifugation) and kept in EDTA tubes to keep
the blood. Determination of serum liver enzymes levels by the
methods described as by (Reitman and Frankel, 1957; Belfield and
Goldberg, 1971; Uchiyama and Mihara, 1978) were carried out.
Blood glutathione (GSH) level was also determined (Beutler et al.,
1963). Total cholesterol (Natio and David, 1984), triacylglycerides
(Buccolo and David, 1973) and high density lipids were estimated
(Burstein et al., 1970). The results of biochemical analysis were
expressed as mean =+ standard error (SE).

Histopathological examination
After scarification, the liver tissues were rapidly isolated from

each rat and possess the following steps for histopathological
examination (Drury and Wallington, 1967).

Fixation
The livers were fixed in formal saline 10% for one week. After fix-

ation, livers were cut into slices then washed under running water
gently for 3 h.

Dehydration

The formalin fixed livers were dehydrated in ascending grades
of ethyl alcohol. A commonly used range of dehydration solution
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Table 1

Standardization of alcoholic extracts of (roots, bracts, receptacles and leaves) of Cynara scolymus using chlorogenic acid.

Part used Roots Bracts

Receptacles Leaves Super? Artichoke capsule”

Chlorogenic acid (mg/100 mg extract) 0.82+0.02

2.02+0.16

2.4+0.27 1.6 +0.06 0.014+0.001

2 Western pharmaceutical industries.

is 70% for 24-48 h, then 90% alcohol for 24 h, then three changes of
absolute alcohol each for 1 h.

Clearing

The tissue was then cleared in 1% celloidine in methyl benzoate
for 24 h. This was followed by treatment with two changes of ben-
zene, half an hour each.

Impregnation

It was carried out in soft paraffin (M.P.50-55°C) for 2 h in an
oven at 55 °C. This is changed 2-3 times then tissue was transferred
to hard paraffin (55-60°C) also for 2-3 h.

Sectioning and staining

Sectioning was at 8 wm thickness using the microtome. Stain-
ing was done with hematoxylin and eosin. Histology of the liver
was studied immediately after sacrificing the animals (Drury and
Wallington, 1967).

Statistical analysis

The results of biochemical analysis were expressed as
mean + standard error (SE). Statistical analysis was conducted
using one way analysis of variance (ANOVA). The level of statistical
significance was taken at p <0.05.

Results
HPLC standardization of artichoke extracts

Chlorogenic acid content in different extracts is found to be
(0.82+0.02, 1.6+0.06, 2.02+0.16 and 2.44+0.27) in alcoholic
extracts of roots, leaves, bracts and receptacles, respectively. HPLC
chromatograms of the finger prints of the four extracts showing the
peak of chlorogenic acid at Rt 7.6-7.9. The calibration curve showed
good linearity for chlorogenic acid with a correlation co-efficient
(R?) 0f 0.992. Another sample of Super Artichoke capsules® (West-
ern Medical), which is a commercially available drug, consisting of
cynarin at a concentration of 320 mg, was analyzed under the same
conditions for comparison with four artichoke extracts.

The results of chlorogenic acid content in different extracts are
summarized in Table 1, and are shown in Fig. 1A-E. From the pre-
sented results it can be concluded that C. scolymus receptacles
extract contain the highest amount of chlorogenic acid followed
by bracts extract, then by leaves and roots extracts. Chlorogenic
acid present in each of the four extracts was greater than that in the
imported extract marketed as SuperArtichoke® originated from the
leaves which were grown in Germany. Hence, the edible portions of
globe artichoke (receptacle and bracts) are rich in chlorogenic acid
and cynarin more than the leaves or roots. These results encourage
the use of receptacles or bracts as source for the medicinally active
constituents namely, cynarin and chlorogenic acid. The extract of
C. scolymus bracts was previously reported containing 8.82 g% caf-
feoylquinic acid, calculated as chlorogenic acid (El Senousy et al.,
2012).

LC-DAD-ESI-MS separation technique

A total of 24 chromatographic peaks belonging to various
metabolite classes were derived from examined samples including
phenolic acids, flavonoids, sesquiterpenes, fatty acids and saponins
(Table 2) (Fig. 2A-D).

Phenolic acid derivatives

The hydroxycinnamic derivatives detected in this work belong
to mono- and di-caffeoylquinic acid compounds. This finding is
agreed with the previously found in the literature (Jun et al., 2007;
Pinelli et al., 2007). The peaks number 4 and 6 gave the [M+H]|*
ions at m/z 193.1, 353.07 with molecular formula C;H;,0g and
C16H1509 assigned as quinic acid and chlorogenoquinone. Peaks
number 9 and 20 gave the [M+H]+ ions at m/z 355.3 in accordance
with the molecular formula C;gH1709 and C1gH;30g9. These com-
pounds have been assigned as chlorogenic acid and neochlorogenic
acids (Sanchez et al., 2003; Moglia et al., 2008). Peaks number 10
and 11 with a precursor ions at [M+H]* m/z 171.12 and 517.1188,
and identical molecular formula C;HgOs and Cy5H,3012, were iden-
tified as gallic acid and dicaffeoylquinic acid (cynarin) (Sanchez
et al., 2003; Moglia et al., 2008).

Flavonoids

Peaks number 5, 7 and 14 showed precursor ions at [M+H]*
my/z 287.04, 449.0 and 595.15 with molecular formula C5HgOg,
C31H210411 and Cy7H29045, was proposed to be luteolin, luteolin-
O-glycoside and luteolin-7-0O-rutinoside (Schutz et al., 2006). Peak
number 12 showed precursor ion at [M+H]* m/z271.24 with molec-
ular formula C15H1905 was proposed to be apigenin (Schutz et al.,
2006).

Sesquiterpene glycosides

Two sesquiterpene glycosides were readily identified by high
resolution mass analysis at peaks number 21 and 22) with [M+H]*
m/z429.1958 and 427.1799, respectively, assigned as cynarascolo-
side A/B and cynarascoloside C (Farag et al., 2013).

Sesquiterpene lactones
Cynaropicrin showed an [M+H]* peak at m/z 347.2 correspond-
ing to the molecular formula C19H;,0¢. Grossheimin showed an

[M+H]*peak at m/z 263.3 corresponding to the molecular formula
Cy5H1804 (Fritsche et al., 2002).

Triterpene saponins

Cynarasaponin E, ], C, A/H and F/I were also identified (Farag
etal., 2013).

Amino and fatty acids

Hydroxy-octadecatrienoic acid, dihydroxy-octadecatrienoic
acid, hydroxy-oxo-octadecatrienoic acid and tyrosyl-L-leucin
were previously reported (Farag et al., 2013). Peak number 8
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Fig. 1. (A-E) HPLC chromatogram of alcoholic extract of globe artichoke roots, leaves, bracts, receptacles and leaf alcoholic extract marketable as super artichoke capsules

respectively.

was identified as dihydroxy benzoic acid with molecular formula
C7HgOy4 as it showed a precursor ion at [M+H]*, m/z155.02.

This analysis revealed that polyphenols are present in all parts
of globe artichoke but more strenuous in receptacles and bracts.
Flavonoids are also present in all parts and more concentrated in
bracts. Sesquiterpene lactones are detected in all parts but mainly in
the leaves. Amino acids are found in all parts but more concentrated
in roots.

Spectrophotometric determination of total polyphenols

Exploration of the amount of polyphenols and their relative
distribution in the receptacles, bracts, leaves and roots were per-
formed using Folin-Ciocalteu colorimetric method by means of
gallic acid as positive control. Results are tabulated in Table 3.
Polyphenols estimation in different parts of artichoke (cultivar

balady) has evidenced higher proportion of total polyphenols in the
edible receptacles followed by bracts. The medicinally used foliage
leaves contain lower proportions of polyphenols in addition roots
evidenced the lowest amount.

HPLC analysis and identification of phenolic compounds

The results are in Table 4 and presented in Fig. 3A-D. The pre-
sented comparative A study between different parts of Egyptian
artichoke revealed variation in the polyphenol content, espe-
cially the potent anti-oxidant chlorogenic acid in the receptacles
(66,015 g/100¢g), and bracts (30,445 g/100g), compared with
the medicinally used leaves (13,539 ug/100g), and unused roots
(8522 |.g/100 g). Hence, the receptacles contain the highest propor-
tion of chlorogenic acid in all edible parts, followed by bracts and
leaves. Caffeic acid was found as a major constituent in the leaves.
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Table 2

Components detected in artichoke extracts (roots, bracts, receptacles and leaves) using HPLC-DAD-ESI-MS.
Peak no. Rt (min) Name M+ Chemical formula
1 2.1 Tyrosyl-L-leucine 295.2 Ci5H2N»04
2 39 Hydroxy-octadecatrienoic acid 295.21 C1gHp903
3 55 Dihydroxy-octadecatrienoic acid 311.2 C1gHp904
4 6.9 Quinic acid 193.1 C7H1206
5 8.7 Luteolin 287.04 C15HgOg
6 9.3 Chlorogenoquinone 353.07 C16H1509
7 10.8 Cynaroside (luteolin-7-0-glycoside) 449 C31H21014
8 12.7 3,4-Dihydroxybenzoic acid 155.02 C7HgO4
9 134 Chlorogenic acid 355.3 C16H1709
10 16.1 Gallic acid 171.12 C7HgO0s
11 16.9 Dicaffeoylquinic acid 517.11 Ca5H23012
12 18 Apigenin 271.24 Cy5H1005
13 18.9 Cynarasaponin E 811.43 C42He5015
14 19.8 Luteolin-7-O-rutinoside (scolymoside) 595.15 C7H29015
15 224 Cynarasaponin | 943.47 C47H73019
16 23.2 Cynaropicrin 347.3 C19H2,06
17 24 Cynarasaponin C 795.43 C42He5014
18 253 Hydroxy-oxo-octadecatrienoic acid 309.19 CigH704
19 26.1 Grosheimin 263.3 Cy5H1504
20 27.1 Neochlorogenic acid 355.3 C16H1809
21 27.9 Cynarascoloside A/B 429.19 C21Hs3109
22 28.1 Cynaroscoloside C 427.18 Cy1H90g9
23 29.6 Cynarasaponin A/H 927.48 C47H73013
24 32.2 Cynarasaponin F/I 781.42 C41He3014

The total content of all phenolic acids are intense in the receptacles
followed by bracts, leaves and roots, respectively.

Nutritional values

Artichoke was found to be rich in fibers, minerals and vitamins
as shown in Table 5. Artichoke (medium sized 15cm length and
diameter 8 cm) has evidenced several nutritional health benefits.
Every 100¢g fresh plant material (receptacles, bracts, leaves and
roots) provide the body by 24, 13, 12 and 5.3%RDA (Recommended
Dietary Allowances), respectively. Artichoke is low in fats and car-
bohydrates and evidenced zero content of cholesterol. The edible
portions of artichoke are super source of folic acid (Table 5). Every
100 g fresh (receptacles, bracts, leaves and roots) provide the body
by folic acid 17, 14.7, 13.7 and 3.3% RDA, respectively. Fresh arti-
choke contains moderate amounts of the anti-oxidant vitamins C
9.1, 7.2, 6.6 and 5.3% RDA by receptacles, bracts, leaves and roots,
respectively. It shows vitamin E as 2.5, 2, 2 and 1.9% RDA by recep-
tacles, bracts, leaves and roots, respectively. Artichoke is one of the
very good vegetable sources for vitamin K. Artichoke provides it as
18.5, 15.5, 14.5 and 0.12% RDA by receptacles, bracts, leaves and
roots, respectively.

Artichoke is rich in B-complex group of vitamins such as, pyri-
doxine (vitamin B6) which is detected as 5.5, 5, 5 and 3.5% RDA by
receptacles, bracts, leaves and roots, respectively. Thiamin (vitamin
B1) is presented as 5, 3.5, 2.8 and 1.4% RDA by receptacles, bracts,
leaves and roots, respectively. Furthermore, riboflavin (vitamin B2)
exhibited as 3.6, 2.6, 2.1 and 0.6% RDA by receptacles, bracts, leaves
and roots, respectively. Artichoke is rich source of minerals such
as copper, calcium, potassium, iron, manganese and phosphorus.
Potassium presented as 9.2, 0.6, 0.56 and 0.5% RDA by receptacles,
bracts, leaves and roots, respectively. Copper existing as 1.3, 1.2, 1.2
and 1% RDA by receptacles, bracts, leaves and roots, respectively.
While iron was represented as 6.3, 5.7, 5.3 and 4% RDA by recepta-
cles, bracts, leaves and roots, respectively. Trace metals such as zinc
was detected as 3.3, 2.5, 2.8 and 0.8% RDA from receptacles, bracts,
leaves and roots, respectively, where selenium found as 8.7, 8.5, 8.4
and 0.2% RDA by receptacles, bracts, leaves and roots, respectively.

HPLC determination of inulin content

HPLC chromatogram of inulin analysis in the receptacles of
globe artichoke (Fig. 4A and B) revealed high content of inulin
(41.47 mg/g) dry extract. Inulin decreases the body’s ability to make
certain kinds of fats.

Antioxidant activity

The DPPH radical-scavenging capacity has been used to deter-
mine the free radical scavenging activity of different parts of globe
artichoke extracts. Results were presented in Fig. 5, which indi-
cates that all samples tested have noticeable effect on DPPH radical.
The demonstrated high anti-oxidant activity in the edible recep-
tacles and bracts are attributed to higher contents of phenolic
constituents since a direct proportional association was observed
between total phenolic content and activity.

Evaluation of hepatoprotective, hypocholesterolimic and
hypolipidemic activities

At a dose of 500 mg/kg/day, the receptacle extract is the most
effective extract as hepatoprotective and hypolipidemic agent,
comparable to silymarin at the same dose. The results were tab-
ulated in Table 6. Bracts and leaves extract showed similar activity
but root extract evidenced the least hepatoprotective and hypolipi-
demic activities. At a dose of 900 mg/kg/day, receptacle extract
elevate the liver enzymes, total cholesterol and triacylglycerides,
then to lesser extent, bracts, leaves, and roots extract. The results
were represented in Table 7.

Acute intoxication of rat’s liver by CCly induced significant
increases in serum levels of liver enzymes AST, ALT, ALP, and MDA
also induced significant decrease in blood GSH when compared
to the control group (Table 6). Also, causes significant increase
in serum levels of total cholesterol (TC) and triacylglycerides (TG)
(Table 7). Artichoke alcoholic extracts of (leaves, bracts, receptacles
and roots) significantly at p <0.05 reduced cholesterol, low density
lipoprotein cholesterol (LDL-C), but no change was observed with
high density lipoprotein cholesterol (HDL-C).
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Fig. 2. (A-D) LC-DAD-ESI-MS base peak chromatogram of the artichoke methanol extract of roots, leaves bract and receptacles respectively.

At a dose of 500 mg/kg/day

Results of total phenolic contents of leaves, bracts, receptacle and roots of artichoke

(cultivar balady) growing in Egypt.

The receptacle extract showed most significant reduction

Total phenols (mg GAE/g extract) in serum AST, ALA, ALP, MDA, total cholesterol and tria-

Part used

Roots 0.781 cylglycerides followed by silymarin, bracts, leaves then roots
Leaves 2.55 extracts. GSH was increased in the same sequences. No
Bracts 23';? change in serum HDL, when compared with normal control

Receptacles

group.
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Table 4
Phenolic acid content identified by HPLC in different alcoholic extracts of Cynara scolymus growing in Egypt.
Compound Rt (min) Results (g/100 g powdered material)
Roots Leaves Bracts Receptacles
Gallic acid 6.9 251.83 115.92 137.49 46.72
Chlorogenic acid 9.1 8522.65 13,539.91 30,445.62 66,015.89
Caffeic acid 10.2 1491.96 1858.21 958.14 351.71
Ellagic acid 13.2 995.06 821.42 1043.25 172.25
Cinnamic acid 15.7 36.68 59.69 53.18 3.21
Total 11,298.18 16,395.51 32,637.8 67,240.23
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Fig. 3. (A-D) HPLC chromatogram of phenolic acids determined in artichoke roots, leaves, bracts and receptacles extract respectively.

At a dose of 900 mg/kg/day by +28.7, +18.7, +16.8 and +9.3%, respectively. ALT level
increased in the same pattern +47.9, +27.6, +26.8 and +15.2%,

The receptacle extract showed the most significant increase respectively. ALP level increased in similar mold by +24.7, +14.9,

in serum AST, followed by bracts, leaves then roots extracts +13.8 and +7.9%, respectively. MDA level was increased in matching
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Results of nutritional facts about fresh Cynara scolymus (receptacle, leaf, bract and root).
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Item Amount/100 g fresh plant material
Receptacle Leaf Bract Root

Moisture (g) 87.06 83.75 75.77 85.52
Ash (g) 1.84 1.77 1.19 1.02
Protein (g) 3.31 242 6.6 3.77
Fats (g) 0.9 0.01 0.2 0.2
Cholesterol (mg) 0 0 0 0
Carbohydrates (g) 6.89 4.8 5.5 15.1
Dietary fiber (g) 7.2 3.6 3.9 1.6
Electrolytes

Sodium (mg) 315 264 199.2 201.9

potassium (mg) 435 28.5 26.6 26.5
Minerals

Calcium (mg) 53.9 274 7.053 6.99

Iron (mg) 0.95 0.72 0.86 0.6

Magnesium (mg) 28 21.2 19 15

Cupper (mg) 0.027 0.025 0.025 0.02

Phosphorus (mg) 90 79 77 66

Zinc (mg) 0.5 0.42 0.38 0.12

Selenium (pg) 0.25 0.17 0.2 0.07
Vitamins

Folic acid (j.g) 68 55 59 13

Vitamin C (mg) 6.8 5 5.4 4

Vitamin A (pg) 24.46 14 15.7 11.08

Vitamin E (mg) 0.25 0.2 0.2 0.19

Vitamin K (j.g) 14.8 11.6 12.4 0.1

Vitamin B1 (mg) 0.07 0.04 0.05 0.02

Vitamin B2 (mg) 0.058 0.033 0.042 0.01

Vitamin B6 (mg) 0.11 0.1 0.1 0.07
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Fig. 4. (A) HPLC chromatogram of inulin analysis in the receptacles of globe artichoke (cultivar balady). (B) HPLC chromatogram of standard inulin.
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Fig. 5. Bar chart of antioxidant activities in extracts of artichoke grown in Egypt (balady).

model by +71.4, +50, +42.8 and +21.4%, respectively. GSH was
decreased with the same sequences by —25,-15.1, —13.42 and —7%,
respectively. However, total cholesterol increased in alike outline

by +24.8, +12.1, +14.6 and +7.9%, respectively, and serum triacyl-
glycerides increased in same pattern by +24.5, +15.4, +14.2 and
+7.4%, respectively, but no change in serum HDL, when compared



Table 6
Protective effect of Cynara scolymus leaves, receptacles, bracts and roots against CCl4 induced damage of hepatic cells.
Group AST (U/ml) ALT (U/ml) ALP (U/1)
Leaves Receptacles  Bracts Roots Leaves Receptacles Bracts Roots Leaves Receptacles Bracts Roots
Normal 80 +£0.146 80 + 0.146 80 +£0.146 80+ 0.146 473 +£0.1 473 £ 0.1 47.3 £ 0.1 47.3 £ 0.1 922 £0.249 922+ 0249 922 +0.249 92.2 + 0.249
CCly 140 + 0.27 140 + 0.27 140 + 0.27 140 £ 0.27 1063 +£0.23 106.3 +£0.23 1063 +£0.23 106.3 &+ 0.23 155 + 0.15 155 £+ 0.15 155 + 0.15 155 + 0.15
Silymarin 60 + 0.15 60 + 0.15 60 + 0.15 27 + 0.081 27 + 0.081 27 + 0.081 27 + 0.081 71 + 0.302 71 + 0.302 71 + 0.302 71 + 0.302
Silymarin+CCly 120 + 0.2 120 £ 0.2 120 + 0.2 120 + 0.2 86.9 +0.321 86.9 +0.321 869 +0.321 86.9 + 0.321 132 + 0.093 132 + 0.093 132 + 0.093 132 + 0.093
Extract 500 mg/kg/day 69.5'" + 021  54.5 + 0.11* 68 + 0.12* 74 + 0.112P 36 + 0.12%0 21 4+ 0.15*" 355+ 0.12*> 412 + 0.14°P 80 + 0.172P 65 + 0.12*"  79.2 4+ 0.14*" 86 + 0.09%"
Extract 500 mg/kg/day+CCly; 128 + 0.15 114 £ 0.16*> 127 £0.13*> 133 £0.19°> 952 + 0.18*" 80.7 + 0.15*° 94.5 + 0.12*> 100 + 0.07*" 141.3 + 0.12*" 125.8 + 0.14*® 140.6 + 0.17*> 147.5 + 0.22°°
Extract 900 mg/kg/day 93.5 + 0.25 103 £+ 0.1*P 95 + 0.10687.5 + 0.22° 60 + 0.16*" 70 + 0.1*°  60.4 + 0.13*" 54,5+ 0.21*" 105 + 0.14*> 115+ 0.15*> 106 + 0.14*"> 99.5 + 0.23*"
Extract 900 mg/kg/day+CCl; 153 + 0.21 160 + 0.11*> 154.5 + 0.12*> 146 + 0.21*> 120 + 0.2*0 128 + 0.14*" 120.5 + 0.09*> 113 £ 0.19*> 170 £ 0.14*; 180 + 0.17*> 170.8 + 0.14*> 162 + 0.222P
MDA (mol/l) GSH (mg%)
Leaves Receptacles Bracts Roots Leaves Receptacles Bracts Roots
Normal 2.8 £0.19 2.8 £0.19 2.8 +£0.19 2.8 +£0.19 48.4 + 0.2 48.4 + 0.2 48.4 + 0.2 48.4 + 0.2
CCly 8 +0.12 8 +0.12 8 +£0.12 8+ 0.12 22 +0.15 22 4+ 0.15 22 +0.15 22 +£0.15
Silymarin 0.9 + 0.01 0.9 + 0.01 0.9 + 0.01 0.9 + 0.01 64 + 0.17 64 + 0.17 64 + 0.17 64 + 0.17
Silymarin+CCly 6.1 £ 0.1 6.1 £ 0.1 6.1 +£0.1 6.1 +£0.1 315 +0.2 315 +0.2 315 +0.2 31.5+£0.2
Extract 500 mg/kg/day 1.54 + 0.012P 0.3 + 0.04*° 0.3 + 0.04*° 2.2 + 0.08%P 58.7 + 0.120 69 + 0.12° 59.3 + 0.05*" 52.6 + 0.08*"
Extract 500 mg/kg/day+CCly 6.75 + 0.12P 5.5 + 0.17%P 5.5 + 0.17%> 7.4 + 0.24*° 26.8 + 0.19°° 34.6 + 0.15*° 27.2 £ 0.11°° 23.6 £ 0.17°°
Extract 900 mg/kg/day 4 +0.112° 4.8 + 0.15%" 4.8 + 0.15*" 3.4 + 0.08*° 419 £+ 0.11*P 38.1 + 0.15*° 41.1 £ 0.11*P 45 + 0.14%°
Extract 900 mg/kg/day+CCly 9.2 4+ 0.15%P 10 + 0.16°P 10 + 0.16%P 8.6 + 0.172P 16.2 + 0.08*" 12.5 + 0.17%P 15.7 + 0.15%P 18.9 + 0.212P

Results are expressed as mean + S.E.

2 Statistically significant difference from normal group at p <0.05.
b Statistically significant difference from CCl4 group at p <0.05.
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Table 7

Effect of aqueous extracts of artichoke leaves on serum levels of total cholesterol, triacylglycerides and high density lipoprotein in CCls-intoxicated rats.
Gp Total cholesterol (mg/dl) Triacylglycerides (mg/dl) HDL (mg/dl)

Leaves Receptacles Bract Roots Leaves Receptacles Bract Roots Leaves Receptacles Bract Roots

Normal 94.5 + 0.19 94.5 + 0.19 94.5 + 0.19 94.5 + 0.19 90.2 +£ 0.2 90.2 £ 0.2 90.2 +£ 0.2 90.2 +£ 0.2 45.33 + 0.1 4533 + 0.1 4533 + 0.1 4533 + 0.1
CCly 155 + 0.2 155 + 0.2 155 + 0.2 155 + 0.2 150 + 0.31 150 + 0.31 150 + 0.31 150 + 0.31 44.8 + 0.17 448 +0.17 448 +0.17 448 +0.17
Silymarin 76.9 £ 0.14 76.9 + 0.14 76.9 + 0.14 76.9 + 0.14 70.3 + 0.21 70.3 £ 0.21 70.3 +£ 0.21 70.3 £ 0.21 448 + 0.17 448 + 0.17 448 + 0.17 448 + 0.17
Silymarin+CCly 134 + 0.16 134 + 0.16 134 + 0.16 134 + 0.16 126.8 + 0.18 126.8 +0.18 126.8 +£0.18 126.8 +0.18 448 +0.18 44.8 +£0.18 44.8 +0.18 44.8 +0.18
Extract 500 mg/kg/day 85.3 + 0.07*> 69.5 + 0.11*> 84.9 + 0.15*> 90 + 0.22*P 79.5 + 0.11*° 62 +£0.13*> 79 +£0.12*> 85+ 0.12*" 45,03 + 0.32 43.72 + 0.13 44.13 £ 0.15 45.2 + 0.08
Extract 500 mg/kg/day+CCl;  140.9 + 0.13*" 127.9 + 0.19*" 140 + 0.24°" 146.4 + 0.24*>  135v0.17>P 120 + 0.18%" 134.1 + 0.05%" 142.7 + 0.24*> 45 + 0.32 453 £+ 0.16 442 +£0.14 453 +£0.18
Extract900mg/kg/day 108.3 £ 0.16*> 118 + 0.18*> 109 + 0.24*" 102 + 0.19*P 103 £+ 0.21*" 112.3 + 0.112> 104.1 + 0.13*> 96.9 + 0.22*" 4541 + 0.21 45.45 + 0.23 45.6 £0.15 45.81 +£0.19
Extract 900 mg/kg/day+ CCly 209 + 0.14* 216 + 0.14*" 209.5 + 0.17*" 201.3 + 0.24*" 164 + 0.18*" 171.4 + 0.15*" 164.9 + 0.32¢ 155.8 + 0.13*" 449 +0.18  45.1 +£0.13 447 +£0.14  45.2 £ 0.15

Results are expressed as mean +S.E.
@ Statistically significant difference from normal group at p <0.05.
b Statistically significant difference from CCL, group at p<0.05.
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with normal control group.
At a dose of 500 mg/kg/day+CCly

The receptacle extract showed the most significant reduction in
serum AST, followed by silymarin, bracts, leaves then roots extracts
by —-18.5,-14.2,-9.3, —8.5 and —5%, respectively. The same for ALT
decreased in the similar pattern by —24.1, —-18.2, —11.1, —-10.4 and
—5.9%, respectively. ALP decreased in the alike model by —18.8,
-14.8, —9.2, —8.8 and —4.8%, respectively; MDA by —31.2, —23.7,
—-16.2, —15.6 and 7.5%, respectively. GSH was increased with the
same sequences by +57.2,+43.2,+23.6,21.8 and +7.2%, respectively.
Total cholesterol as well as serum triacylglycerides decreased by
receptacle extract followed by silymarin, bracts, leaves then roots
extracts by —17.5, —13.5, -9.6, —9.1 and —5.5%, and by —20, —15.4,
—10.6,— 10 and —4.8%, respectively, but no change in serum HDL,
when compared with group receiving CCl, only.

At a dose of 900 mg/kg/day+CCly

The receptacle extract showed the most significant increase in
serum AST, followed by bracts, leaves then roots extracts by +14.3,
+10.3, +9.2 and +4.2%, respectively. ALT level was increased in the
same pattern by +20.4, +13.3, +12.8 and 6.3%, respectively. Further-
more, ALP increased in alike example by +16.1, +10.2, +9.7 and 4.5%,
respectively; MDA level increased in similar pattern by +25, +16.2,
+15 and +7.5%, respectively. GSH level was decreased with the same
sequences by —43.2, —28.6, 26.3, and —14.1%, respectively. Total
cholesterol and serum triacylglycerides levels increased as a result
of receptacle extract followed by bracts, leaves then roots extracts
with +39.3, +35.1, +34.8 and +29.8% and +14.3, +9.9, +9.3 and +3.8%,
respectively, but no change in serum HDL, when compared with
group receiving CCly only.

Interpretation of the above results revealed that at a dose
of 500 mg/kg/day, the receptacle extract is the most effectual in
both hepatoprotective and hypolipidemic activities, comparable to
sylimarin at the same dose. Bracts and leaves extract showed sim-
ilar activity but root extract evidenced least hepatoprotective and
hypolipidemic activities.

At a dose of 900 mg/kg/day, receptacle extract elevate the liver
enzymes, total cholesterol and triacylglycerides, then to lesser
extent, bracts, leaves, and roots extract. The high dose of arti-
choke extracts is not recommended, it may be due to side effect
of polyphenols (Mennen et al., 2005).

Histopathological finding

Histology of the liver was studied immediately after sacrifi-
cing the animals. Analysis of the histopathological sections were
presented (Fig. 6A-0). The histopathological examination of liver
sections of normal control (Fig. 6-A) rats showed normal histo-
logical structure of hepatic lobule with normal hepatocytes and
hepatic sinusoids. Injection of CCly in rats induced severe fatty
degeneration with leukocyte inflammatory cells infiltration, asso-
ciated with coagulative necrosis of hepatocytes and inflammatory
cells surrounding the dilated ventral vein. Liver sections of rats
given orally silymarin as a standard drug and artichoke recepta-
cles, bracts, leaves and roots extract at dose of (500 mg/kg/day)
revealed almost normal histological architecture of hepatic lob-
ule. The dose (900 mg/kg/day), revealed mild fatty degeneration
and necrosis were most seen in group receiving artichoke recep-
tacles extract, then to lesser extent groups receiving bracts, leaves
and roots extract, respectively. Artichoke receptacles extract when
taken with dose of (500 mg/kg/day) with CCly, reduce the lesion
caused by CCl, alone more than groups receiving silymarin, then
groups receiving bracts and leaves extract with nearly same effect

and finally roots extract. Artichoke receptacles extract when taken
with dose of (900 mg/kg/day) with CCly, showed increase in the
lesion caused by CCl4 then groups receiving silymarin, followed by
groups receiving bracts and leaves extract with nearly same effect
and finally roots extract.

Discussion

Cynara scolymus is cultivated worldwide for its immature flower
heads consisting of receptacles and fleshy bracts where it is served
in many food recipes for nutrition value. Our outcomes are in har-
mony with the result of Lutz et al. (2011); they were found that
the moisture content of artichoke heads was 76.6%. Basay and
Tokusoglu (2013) reported that the moisture content of artichoke
leaves was in they range of 79.86-83.03%. The highest amount of
crude protein was for the bract and the root recorded 6.60 and
3.77 correspondingly. Our finding are in agreement with results of
Hosseinzadeh et al. (2013) who found that the protein content of
artichoke leaves (d.w) was in the range of 8.05-12.35%. However,
our results was in disagreement with Lutz et al., 2011 who found
that the protein content of artichoke heads was only 15.96% which
is nearly three time as our finding. The ash content for the different
organs was non-significant. However, the ash content of the recep-
tacles was nearly as the leaves higher than the other parts. Our
results are in conflict with theresults of Lutz et al. (2011) as percent-
age of total carbohydrates (d.w) of the receptacles nearly as that of
the leaves. Where, the root is the richest organ in carbohydrates.

Cynara scolymus receptacles contain the highest amount of
chlorogenic acid followed by bracts, leaves and roots extracts.
Chlorogenic acid present in each of the four extracts was greater
than that in the imported extract marketed as Super Artichoke”
originated from the leaves which were grown in Germany. Our
results are in accordance with the results of Wang et al. (2003)
who reported that the total phenolic content of leaves of green
globe was in the range of 8.76-9.56%(as chlorogenic acid). Mean-
while, they found that the total phenolic content of leaves of
violet variety was 6.806%, which is slightly higher than our results.
Hence, the edible portions of globe artichoke (receptacle and
bracts) are rich in cynarin more than the leaves or roots. Shen
etal.(2010)reported that the three compounds (5-O-caffeoylquinic
acid (chlorogenic acid), 1,3-di-O-caffeoylquinic acid (cynarin) and
1,5-di-O-caffeoylquinic acid) are the major active compounds in
artichoke, they are considered as to be responsible for hepatopro-
tective action. The caffeoylquinic acid with potential health benefits
as natural antioxidant. The extract of C. scolymus bracts was previ-
ously reported to contain 8.82 g% caffeoylquinic acid, calculated as
chlorogenic acid (EI Senousy et al., 2012). These results encourage
the use of receptacles or bracts as source for the medicinally active
constituents namely, cynarin and chlorogenic acid.

Metabolite profiling of artichoke heads using HPLC-DAD-ESI-
MS is comparable to the foliage leaves in composition. Among the
polyphenol group, caffeoylquinic, chlorogenic acids are present in
addition to flavonoids. Luteolin and luteolin glycosides and api-
genin are important constituents detected in cultivar Baladi and
other cultivars abroad (Farag et al., 2014).

Variation between artichoke samples are not only among
polyphenol content but include saponins (cynarosaponin C, A, H, F)
and fatty acids (hydroxyl- and dihydroxy-octadecatrienoic acids)
which exhibit variable accumulation (Farag et al., 2014). Our out-
come are in agreement with previously published data by (Lutz
et al., 2011) in which the antioxidant activity of (mature and baby)
cooked and raw receptacles was determined on plants grown in
Chile and it was 28.46%in mature raw, 34.56% in mature coked,
22.97% in baby raw and 69.91% in baby cooked.
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Fig. 6. (A) Liver cells from rats treated with artichoke extracts at 500 mg/kg/day showing normal structure of liver tissue. (B) Cells treated with 900 mg/kg/day leaf extract
showing severe sinusoidal dilatation. (C) Cells treated with receptacle extracts at 900 mg/kg/day showing sinusoidal dilatation. (D) Cells treated with bract extracts at
900 mg/kg/day showing sinusoidal dilatation and extravasation of blood elements. (E) Cells treated with root extracts at 900 mg/kg/day showing intracellular edema of
hepatocytes. (F) Cells treated with leaf extracts at 500 mg/kg/day + CCL4 showing slight sinusoidal dilatations. (G) Cells treated with receptable extracts at 500 mg/kg/day + CCL4
showing sinusoidal dilatations. (H) Cells treated with bract extracts at 500 mg/kg/day + CCL4 showing severe sinusoidal dilatations and hemorrhage. (I) Cells treated with root
extracts at 500 mg/kg/day + CCL4 showing sinusoidal dilatations and loss of cellular details. (J) Cells treated with leaf extratcts at 900 mg/kg/day + CCL, showing severe loss
of cellular architecture and narrowing of blood sinusoids. (K) Liver cells from rats treated with receptable extracts at 900 mg/kg/day + CCL4 showing severe loss of cellular
architecture and narrowing of blood sinusoids. (L) Cells treated with bract extracts at 900 mg/kg/day + CCLs showing dilatation of blood sinusoids. (M) Cells treated with
root extracts at 900 mg/kg/day + CCL4 showing sinusoidal dilatation and increased phagocytic activity. (N) Cells treated with silymarin at 500 g/kg/day + CCL4 showing slight
sinusoidal dilatation and increased phagocytic activity. (O) Cells treated with CCL4 showing loss of cellular architecture of hepatocytes and displayed hyper-chromatism of
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their nuclei.

The percentage antioxidant activity of different extracts derived
from the head and leaves were as good as the chemical results.
Meanwhile, extracts of the receptacle significantly reduced liver
enzymes (AST, ALA, ALP, and MDA) as well as total cholesterol
and triacylglycerides (LDL) more than other extracts. Heidarian and
Soofiniya (2011) reported that, the elevated serum triacylglyceride
and total cholesterol levels significantly reduced by the oral admin-
istration of artichoke (1000 and 2000 mg/kg) in dose dependent
manner. This liver protection was supported by the histopatholog-
ical study performed in rat livers which revealed reduced tissue
lesions and almost normal histological architecture when treated
with dose 500 mg/kg/day.

Conclusion

A relative study between globe artichoke standard extracts
(root, bract, receptacle and leaf) was revealed that the edible parts
(receptacle and bracts) contain the highest amount polyphenols
especially the potent anti- oxidant, chlorogenic acid. Where, the
medicinally used leaves exhibited lower proportion of it followed
by roots. These studies advocate using receptacle extract since it
exerts most liver protection and cholesterol lowering activity com-
parable to silymarin. As the histopathological study performed
in rat livers also proved our finding and revealed that artichoke
extract at dose level 500 mg/kg/day reduced liver tissue lesions
when damaged by CCl; and showed almost normal histological
architecture of hepatic lobule. Bract and leaf extract approxi-
mately exert the same action, as well as more than root extract.
However, higher dose of artichoke (900 mg/kg/day) is unadvised
since signs of fatty degenerations and necrosis of liver cells are
noticed. So, our recommendation is the use of the edible parts
of artichoke as commercial leaf preparation designed for liver
protection.
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