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CHEMICAL Analysis of edible parts (fleshy receptacle, inner bracts) of artichoke 
(Cynara scolymus L., Asteraceae) are identified by using high-performance liquid 

chromatography/electrospray ionization tandem mass spectrometry (HPLC/ESI-MS) method, 
the overall polyphenolic constituents demonstrated profiling flavonoids as, luteolin, luteolin-O-
glycoside and luteolin-7-O-rutinoside , apigenin. The hydroxycinnamic derivatives detected in 
this work belong to mono- and di-caffeoylquinic acid compounds assigned as quinic acid and 
chlorogenoquinone, chlorogenic acid and neochlorogenic acids, gallic acid , dicaffeoylquinic 
acid , vanillic acid , syringic acid , p-coumaric acid , caffeic acid , cynarin , ferulic acid , tannic 
acid were investigated. 

This study aimed to elucidate the synergistic effect and the role of artichoke extract (recep-
tacle and bracts)for treatment of Hepatocellular carcinoma (HCC).The hepatocarcinogenesis 
was induced by Thioacetamide ( TAA) the results showed that TAA caused liver damage as 
proved by significant increase in Liver enzyme markers serum alanine aminotransferase (ALT), 
aspartate aminotransferase (AST) and alkaline phosphatase along with total protein (TP) levels 
activities , The levels of total bilirubin (T-Bil) activity showed significant decrease in serum 
content of bilirubin and marked significant increase in albumin content. Also, induced oxida-
tive stress as pointed out an increase in Metalloproteinase (MMP-3, MMP-9 and MMP-12) 
activities compared with the control values. Treatment with artichoke significantly reduced the 
elevation in liver enzymes and oxidative stress; it also induced apoptosis by inhibition of metal-
loproteinase compared to HCC group.

Keywords: Artichoke (Cynara scolymus L.), HPLC-ESI/Mass , flavonoids, phenolic contents, 
hepatocellular carcinoma (HCC); Metalloproteinase.

Identification of Polyphenolic Compounds and Hepatoprotective 
Activity of  Artichoke (Cynara Scolymus L.) Edible Part Extracts 
in Rats

Amani M.D. El-Mesallamy1, Nabil Abdel-Hamid2, Lamis Srour3, Sahar A. M. 
Hussein*4 
1Department of Organic Chemistry, Faculty of Science, Zagazig University, Zagazig, 
Egypt.
2Department of Biochemistry, Faculty of Pharmacy, Kafr el-Sheikh University, Kafr 
el-Sheikh, Egypt.
3Department of Biochemistry, Faculty of Science, Zagazig University, Zagazig, Egypt. 
4Phytochemistry and Plant Systematics Department, Pharmaceutical Division, 
National Research Centre, Egypt.

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/

          Egypt.J.Chem. Vol. 63, No. 6. pp. 2273 - 2285 (2020)171

Introduction                                                                

The globe artichoke (Cynara cardunculus var. 
scolymus), family  Asteraceae [1]  known also 
by French as artichoke and green artichoke in 
the U.S. there is a variety of a species of thistle 
cultivated as a food. The edible portion of the 
plant consists of the flower buds before the flowers 

come into bloom. The budding artichoke flower-
head is a cluster of many budding small flowers 
(an inflorescence), together with many bracts, on 
an edible base.

The artichoke is used as a hepatoprotective, 
anticarcinogenic, antioxidative, antibacterial, anti-
HIV and hypocholesterolemia agent. It exhibits 
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a wide range of pharmacological effects, which 
are provided by the synergistic roles of existing 
of phenolic compounds [2]. Artichoke hearts are 
mostly used in the canned food industry and the 
remaining parts, such as the outer bracts and leaves, 
are referred to as byproducts (approximately 60–
80% of the total plant) are used to produce herbal 
food supplements, dietary fiber and animal feed. 
The outer leaves of the artichoke could be used 
as a natural additive due to their rich phenolic 
content, which has antimicrobial and antioxidant 
effects [3] . Recent studies have demonstrated that 
artichoke has high medicinal benefits. It includes 
polyphenols such as cynarin, caffeoylquinic, 
chlorogenic acid, flavonoids such as luteolin or 
its glycosides [4]. Other constituents are also 
reported such as sesquiterpenes (grosheimin, 
cyanoropicrin), saponins, fatty acids and others.
Cynara scolymus receptacles contain the highest 
amount of chlorogenic acid. The total phenolic 
content of leaves of green globe was in the range 
of 8.76–9.56% (as chlorogenic acid) [5] .  The C. 
scolymus bracts was reported to contain 8.82 % 
as chlorogenic acid . The edible portions of globe 
artichoke (receptacle and bracts) are rich in cynarin 
more than the leaves or roots [6]  .They reported 
that the two compounds 1,3-di-O-caffeoylquinic 
acid (cynarin) and 1,5-di-O-caffeoylquinic acid 
are the major active compounds in edible portions 
of globe artichoke .The caffeoylquinic acid has 
potential health benefits as natural antioxidant 
which is responsible for the hepatoprotective 
action. 

Hepatocellular carcinoma (HCC) is the 5th 
most common cancer worldwide and the third 
leading cause of cancer mortality. HCC is defined 
as a primary tumorigenesis in the liver, mainly in 
patients suffering from chronic liver cirrhosis or 
hepatitis B or C. [7]   

The tumor gradually spreads to hepatocytes 
and in advanced stages metastasis to other organs, 
such as lungs and brain. HCC has become one of 
the very common cancers causing death, affecting 
more than 500,000 people in the world [8]. The 
other main risk factors for HCC are alcohol and 
aflatoxin [9].  

The leading cause of liver cancer is cirrhosis 
due to hepatitis B, hepatitis C, or alcohol. Other 
causes include aflatoxin, non-alcoholic fatty liver 
disease, and liver flukes. The most common types 
are hepatocellular carcinoma (HCC), which makes 
up 80% of cases, and cholangiocarcinoma. Less 
common types include mucinous cystic neoplasm 

and intraductal papillary biliary neoplasm [10].

In the light of this study which was carried out 
to elucidate the effective role of artichoke extract 
on HCC linked adverse effects, and to evaluate its 
activity as a chemosensitizer for HCC treatment.

Material and Method                                                   

Plant Material 
The samples of (C.scolymus L., Asteraceae), 

were collected from the local market May 
2017 and identified by Prof. Abd El-Halim A. 
Mohamed, (Desert Research Institute), the plant 
was hand cut into small pieces and dried at 40-
45o C, in an electric oven then grinded to produce  
640 grams. The powder was defatted using a 
Soxhlet apparatus with petroleum ether (60-
80). The defatted residue of plant was extracted 
exhaustively with ethyl acetate then by (5 × 3 
liter) with methanol till exhaustion. Solvent in 
each case was evaporated under reduced pressure 
and residues obtained were kept for the study.

Chromatographic Analysis:
All standards used in the experiments were 

accurately weighed, dissolved in HPLC methanol, 
treated with ultrasonic for 15 min .The calibration 
curves were generated with concentrations of 
p-coumaric acid (p-hydroxycinnamic acid), 
chlorogenic acid (5-O-caffeoylquinic acid), 
ferulic acid, gallic acid, epicatechin, apigenin, 
luteolin, cynarin (1-3-dicaffeolylquinic acid), 
and rutin [11]. The extracts of the globe artichoke 
(C.scolymus)  which previously dissolved in 
HPLC methanol) were filtered before analysis. 
The analysis of polyphenols was carried by using 
Zorbax Eclipse Plus C18 column (100 mm × 2.1 
mm) . Chemical compounds were analyzed via 
reversed phase HPLC using a binary gradient 
consisting of solvent A: methanol and solvent B: 
0.3% aqueous formic acid. A linear gradient from 
8% (A) (0 min) to 48% (A) for (35 min) at a flow 
rate of 1 ml/min was applied, at temperature 30◦C. 
Agilent triple quadrupole mass spectrometer 
equipped with a quaternary pump with anon line 
degasser, a thermostatic column compartment, 
a photo-diode array detector (DAD), an auto 
sampler. Mass spectra were acquired in positive 
ion mode at a voltage of 70 V. For all spectra 
manual baseline subtraction was performed. This 
analysis was kindly performed at institute for 
Environmental Studies and Research Zagazig 
University.
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Materials for biological study
Animal management 
Sixty adult male albino rats, weighting 80 

-120 grams, were obtained from the Experimental 
Animal Care Center and were kept in metabolic 
cages at the experimental animal house of the 
faculty of Science, Zagazig University under 
regulated environmental conditions (25°C and a 
12 h light/dark cycle) 7 days before starting the 
experiment. The animals were nourished on a 
standard diet and tap water. 

Hepatocarcinogenesis model 
The hepatocarcinogenesis was induced by 

Thioacetamide ( TAA) which was purchased from 
Sigma Chemical Co. (St. Louis, MO, USA). 

Artichoke dose selection and treatment 
Outer part extract (extract 1): was taken 

orally in a dose of 1.5 g/kg body weight daily for 
2months. Editable part extract (extract 2): was 
administrated orally in a dose of 1.5 g/kg daily 
for 2 months 

Experimental Design 
To accomplish the goal of this study, after the 

acclimatization period of 7 days with standard 
basal diet, a total of sixty adult male albino rats 
were classified into six groups with 10 animals in 
each group.

Group I (Negative control): Animals were given 
an intraperitoneal injection with 1 ml saline single 
dose. 

Group II ( Thioacetamide, TAA): Animals were 
injected intraperitoneally with 400 mg/kg body 
weight of TAA as a single dose for 3 months to 
induce the carcinogenic effect.  

Group III : Drug1control group, outer part extract 
(extract I) was administrated orally with a dose of 
1.5 g/kg daily for 2 months 

 Group IV: Drug II control group, editable part 
extract (extract II). was administrated orally with 
a dose of 1.5 g/kg daily for 2 months 

Group V: (Preventive group) pre-treated with 
artichoke (outer part extract) for 4 weeks before 
HCC induction ).

Group VI: (Therapeutic group) Animals were 
induced for HCC (as group 2). After the induction 
of HCC by TAA (after 4 weeks), animals were 
post treated with methanol extract of artichoke 
(edible extract) (1.5 mg/kg daily to the end of 
experiment

Animal and Experimental Design  
Adult male albino rats, weighting 80 - 120 g, 

were obtained from Egyptian Organization for 
Biological Products and Vaccines (Agouza, Giza, 
Egypt) and were kept in metabolic cages under 
regulated environmental conditions (25°C and a 
12 h light/dark cycle) 7 days before starting the 
experiment. The animals were nourished on a 
standard diet and tap water

Biochemical analysis 
Estimation of serum albumin was performed 

according to modified Detection principle 
Bromocresol green (BCG) colorimetric method 
[12]. The serum activities of liver enzyme 
markers serum alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) were 
determined by colorimetric method of Reitman.
et.al., [13], while the activity of Alkaline 
phosphatase (ALP) was performed according to 
the method of Belfield et.al., [14]. 

Estimation of Serum α-Fetoprotein (AFP) 
Concentration:

Serum α-Fetoprotein (AFP) was determined 
by Rat/Mouse, Immunoassay Kit,  by enzyme – 
linked immunosorbent assay (ELISA),   cloud 
clone corp. Company (USA).

Estimation of Metalloproteinase, ( MMP-3), ( 
MMP-9), ( MMP-12)

All type of Metalloproteinase were determined 
by Rat/Mouse, Immunoassay Kit, by enzyme 
linked immunosorbent assay (ELISA),  cloud 
clone corp. Company (USA).
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.

Experimental Section                                                  

General section:
Evaporation of the solvents by rotary 

evaporator, UV lamp for TLC visualization 
(λmax254 and 366 nm). UV spectral analysis, 
Shimadzu UV1700 spectrophotometer 
(Japan). Paper chromatography was carried 
out on Whatman paper No.1 and preparative 
chromatography at 3MM, using solvent system 
AcOH15 % and n-butanol: acetic acid: water, 
(BAW, 4:1:5 upper layer)

Biochemical investigation
Collection and sampling of blood 
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At the final of experimental period, the animals 
were fasted for 12 hours, anesthetized with ether, 
then they were killed by cervical decapitation and 
blood samples were gathered in centrifuge tubes 
for separating the serum. The serum was prepared 
by collection of blood in anticoagulant–free tube, 
then left for 10 minutes in water bath at 37ºC until 
clot, then centrifuged at 2000 rpm for 10 minutes 
for setting apart of serum which was transferred 
into Eppendorf tubes and stored frozen at -20ºC 
until analysis.

Liver Tissue Sampling 
After blood collection, after that, rats were 

killed by cervical decapitation and rat livers were 
carefully excised from animals, cleaned, dried, 
and weighed. 

The animal liver was divided into two parts: 
The first part consists of liver sections of about 

5 mm thick, which were obtained from several 
liver lobes. They were immediately immersed in 
10 % buffered formalin. After fixation overnight, 
ascending grades of alcohol were used for 
dehydration of these sections, which then cleaned 
and embedded in paraffin wax. 5µm thick sections 
were obtained from the formed wax blocks and 
then double-stained with Hematoxylin and Eosin 
and then examined microscopically. The second 
portion was washed by buffered saline (10% w/v) 
and liver frozen at -20oC for further biochemical 
analysis.

Histopathological Analysis 
Autopsy samples were gathered from the liver 

tissues of rats in different studied groups and 
fixed in 10% neutral buffered formalin solution 
(PH=7.4) for 24 hours, washed with tap water then 
serial alcohols (methyl, ethyl and absolute ethyl) 
were used for dehydration . Tissue samples were 
cleared in xylene and embedded in paraffin at 56 
degree in hot air oven for 24 hours. Paraffin bees 
wax tissue blocks were sectioned at 4 microns 
thickness by sledge microtome. The tissue 
sections were deparaffinized then stained with 
hematoxylin and eosin (HE) dyes then examined 
through light electric microscope [15]. 

Results                                                                                 

LC-DAD-ESI-MS separation technique 
showing 24 chromatographic peaks belonging 
to various metabolite classes were derived from 
examined samples including phenolic acids and 
flavonoids, from HPLC chromatograms standard 
there are fingerprints of the peak of chlorogenic 

acid at Rt 7.6–7.9. (Fig 1). The extract of 
C.scolymus bracts was previously reported 
containing 8.82% caffeoylquinic acid which 
calculated as chlorogenic acid.
Identification of Polyphenolic Compounds:  

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 [16-19] . The 
peaks gave the [M+H]+ ions at m/z 193.1, 353.07 
with molecular formula assigned as quinic acid 
and chlorogenoquinone. Peaks number 9 and 20 
gave the [M+H]+ ions at m/z 355.3 in accordance 
as chlorogenic acid and neochlorogenic acids [20] 
.  Peaks number 10 and 11 with a precursor ions at 
[M+H]+ m/z 171.12 and 517.1188, and identical 
to gallic acid and dicaffeoylquinic acid (cynarin) 
(Table1)

Identification of Flavonoids Compounds
Peaks showed precursor ions at [M+H]+ m/z 
287.04, 449.0 and 595.15 was proposed to be lute-
olin, luteolin-O-glycoside and luteolin-7-O-rutin-
oside (17) also showed precursor ion at [M+H]+ 
m/z 271.24 was proposed to be apigenin (Table 2)

Effect of Artichoke on AFP (α-Fetoprotein) Tumor 
Marker 

Our results presented in (Table 3) 
demonstrated that treatment of rats with TAA in 
HCC induced rats non significantly decreased 
hepatic concentrations of AFP (p>0.05)  when 
compared to control group. However, treatment of 
HCC rats with artichoke  in preventive group non 
significantly increased hepatic concentrations of 
AFP (p>0.05)   when compared to HCC group, but 
the induced effects were less potent in therapeutic 
group that caused slight increase but statistically 
non-significant in AFP(p>0.05) .

Effect of Artichoke on Metalloprotienase-3 
(MMP-3)

Our results presented in Table 4 demonstrated 
that treatment of rats with TAA in HCC induced 
rats significantly increased hepatic concentrations 
of MMP-3 (p<0.05) when compared to control 
group. However, treatment of HCC rats with 
artichoke in preventive group slightly increased 
hepatic concentrations of MMP-3 but statistically 
non-significant in MMP-3 concentration  where 
(p>0.05),but the induced effects were less 
potent in therapeutic group that caused increase 
also, statistically highly significant in MMP-3 
concentration (p< 0.001).
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Effect of Artichoke on Metalloprotienase-9 
(MMP-9)

Our results presented in Table 5 demonstrated 
that treatment of rats with TAA in HCC induced 
rats  slightly increased hepatic concentrations 
of MMP-9, but statistically  non significantly 
(p>0.05)  when compared to control group. 
However, treatment of HCC rats with artichoke in 
preventive group  increased hepatic concentrations 
of MMP-9 also, statistically significant in MMP-
9 concentration (p<0.05),when compared to HCC 
group, but the induced effects were less potent 
in therapeutic group that caused highly increase 
and statistically highly significant in MMP-9 
concentration (p < 0.001).

Effect of Artichoke on Metalloprotienase-12 
(MMP-12):

Our results presented in (Table 6) demonstrated 
that treatment of rats with TAA in HCC induced 
rats  significantly increased hepatic concentrations 
of MMP-12 (p<0.05)  when compared to 
control group. But, treatment of HCC rats with 
artichoke in preventive group  increased hepatic 
concentrations of MMP-12 but, statistically non-

significant in MMP-12 concentration (p > 0.05) 
,when compared to HCC group, but the induced 
effects were less potent in therapeutic group that 
caused increase but statistically no significant in 
MMP-12 concentration (p>0.05).

Histopathological Examination of the Liver Tissue
Histopathological examination of liver sections of 
normal control at Fig.2, and Drug I control group, 
(outer part extract I ) at Fig .4 . Drug II control 
group in  Fig. 5, editable part extract II showed 
that there was no histopathological alteration and 
the normal histological structure of the central 
vein and surrounding hepatocytes in the hepatic 
parenchyma was recorded in respectively. 

However, in HCC- induced group 
multi lobular liver cirrhosis with trabecular 
arrangement of the hepatocytes which revealed 
criteria of malignancy dilatation of hepatoportal 
blood vessel with trabecular arrangement of 
the hepatocytes which revealed criteria of 
malignancy Fig.3. Liver from Drug I preventive 
group showing stoppage of the liver cirrhosis with 
focal vacuolation of the hepatocytes, dilatation of 
hepatoportal blood vessel with regression of the 

Fig. 1. High-performance liquid chromatography of Polyphenolic Compounds in A tichoke (Cynara Scolymus L.) 
Edible Part Extract.
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TABLE 1. HPLC/ESI-MASS of  edible parts (fleshy receptacle, inner bracts) of artichoke (Cynara scolymus L) 
extract.

TABLE 2. The ESI-MASS spectrometry of hydroxycinnamic derivatives and major flavonoids 
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TABLE 4 . Effect of Artichoke on Metalloprotienase-3 (MMP-3).

Metalloproteinase Group Group P-value Sig

MMP-3

Group I

Group II 0.035 *
Group III 0.000 **

Group IV 0.032 *

Group V 0.000 **

Group VI 0.000 **

Group II

Group III 0.000 ##

Group IV 0.969 NS

Group V 0.093 NS

Group VI 0.000 ##

TABLE 3 . Effect of artichoke on AFP (α-Fetoprotein) tumor marker.

Tumor Marker Group Group P-value Significance

AFP
Group I

Group II 0.121 NS

Group III 0.122 NS

Group IV 0.287 NS

Group V 0..385 NS

Group VI 0.279 NS

Group II
Group III 0.925 NS

Group IV 0.298 NS

Group V 0.119 NS

Group VI 0.095 NS

TABLE 5 . Effect of Artichoke on Metalloprotienase-12 (MMP-12).

Metalloproteinase Group Group P-value Sig

MMP-9

Group I

Group II 0.193 NS

Group III 0.462 NS

Group IV 0.054 NS

Group V 0.378 NS

Group VI 0.000 **

Group II

Group III 0.575 NS

Group IV 0.470 NS

Group V 0.035 #

Group VI 0.000 ##
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TABLE 6. Effect of Artichoke on Metalloprotienase-12 (MMP-12).

Metalloproteinase Group Group P-value Sig

MMP-12

Group I

Group II 0.002 *

Group III 0.005 *

Group IV 0.002 *

Group V 0.000 **

Group VI 0.000 **

Group II

Group III 0.767 NS

Group IV 0.957 NS

Group V 0.129 NS

Group VI 0.115 NS
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trabecular arrangement of the hepatocytes Fig.6. 
In therapeutic group normal hepatic parenchyma 
and the normal hepatocytes and blood sinusoids 
showing normal portal area; note the normal bile 
duct and hepatoportal blood vessels Fig.7.
Statistical analysis 

All results were analyzed by SPSS software 
(SPSS, ver.16.00, USA). Data were expressed 
as mean ± SD. [21]. Comparison of mean values 
of studied variables among different groups was 
done using ANOVA test. P<0.05 was significant 

Discussion                                                                     

Artichoke (Cynara scolymus L.), is an edible 
herbal medicine of the family Asteraceae, is 
a perennial herb widely studied because of its 
possible antioxidative and hepatoprotective 
effects [22]. The extracts and derivatives from 
artichoke contain a variety of dicaffeoylquinic 
acids and many kinds of flavonoid functional 
compounds [23], which exhibits anti-microbial, 
anti-allergic, anti-inflammatory, and anticancer 
effects. One study indicated that artichoke extract 
had potential in reducing hypercholesterolemia 
through preventing lipid  peroxidation  and 
upgrading hepatic antioxidant status [24].

Another report demonstrated that artichoke 
aqueous leaf extract reduced serum total 
cholesterol (TC), triglycerides (TG), very low 
density lipoprotein, glucose levels, and plasma 
malondialdehyde (MDA) levels in streptozotocin-
treated diabetic rats [25].

Artichoke showed marked anti-inflammatory 
effects on tissue plasminogen activator-induced 
inflammation and antitumor activity in an in 
vivo two-stage carcinogenesis test in mice[26]. 
Besides, it was reported that artichoke extract was 
very safe to the human body as no obvious side 
effects were observed after continuous medication 
for several months [27]. 

Hepatocellular carcinoma (HCC) is 
considered one of the famous health problems; 
the fifth widely spread cancer in the world [28]. 
HCC incidence and mortality have worldwide 
elevation over the last four decades [29, 30]. 
TAA hepatic injury is related to the disturbance 
in hepatocytes membrane instability and 
metabolism resulting in alterations of the serum 
levels of these enzymes. Hepatocellular injury 
is usually associated with an elevation in the 
activities of liver enzymes [31]. 

The elevation of ALT and AST activities 

result from leakage of these enzymes from the 
cell membrane of hepatocyte due to the loss of 
its functional integrity in response to pathological 
conditions as cirrhosis, adverse effects of some 
drugs [32].

Our data illustrated that the mean level of ALT, 
AST, TP, ALB serum activities are indicative 
for hepatic function, their increase is correlated 
with the hepatic injury [33].TAA hepatic injury 
is related to the disturbance in hepatocytes 
membrane instability and metabolism resulting in 
alterations of the serum levels of these enzymes. 

Our data illustrated that the mean level of 
ALT activity showed to be slightly increased but 
statistically non-significant (p>0.05) for  groups 
when compared to normal control .Table1

But AST, TP and ALB activities showed 
to be slightly increased but statistically 
significant(p<0.05)  for  groups when compared 
to normal control. Table 2,3,4

In TAA treated group the mean level of ALT, 
AST and ALB activities showed Non-significant 
increase (p>0.05) and TP activity showed slightly 
increase but statistically highly significant (p < 
0.001) .

Another hepatic marker bilirubin which is 
formed as the major product result from the 
breakdown of heme containing proteins such as 
myoglobin, hemoglobin, catalase, cytochromes, 
tryptophan pyrrolase, and peroxidase. A large 
percent of daily bilirubin production (80%) 
from 250to 400 mg in adults is obtained from 
hemoglobin [34]. The remaining percent is 
produced from a rapidly turning-over small pool 
of free heme and from other hemoproteins. The 
increase in bilirubin levels is usually associated 
with the increase in red blood cell breaking 
down. In addition, the increase in the level of 
AFP in HCC rats indicates an HCC[35]. It was 
reported that elevated serum concentrations of 
AFP can be observed in rats due to exposure 
to hepatotoxicagents or hepatocarcinogens 
and are frequently associated with HCC. Its 
serum concentration can be used to confirm 
hepatocarcinoma and the diagnosis of tumor 
response therapy. More than 90% of patients 
with hepatitis, cirrhosis and hepatic cancer have 
increased serum AFP levels [36]. The increase in 
the serum concentration of AFP in HCC cases is 
due to tumor excretion [37].

The current study showed that HCC rats have 
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slightly elevated serum AFP level compared to the 
normal control group. This finding is harmonizing 
with many studies [38]. which reported that the 
serum level of AFP was significantly increased 
in the TAA-injected group, as compared to the 
control group.

Conclusion                                                                                     

A relative study of artichoke extracts contains 
the highest amount polyphenols especially the 
chlorogenic acid. The studies advocate using 
receptacle extract since it exerts most liver 
protection and cholesterol lowering activity 
comparable to silymarin. 

As the histopathological study performed in 
rat livers also proved our finding and revealed 
that artichoke extract at dose level 1.5g/kg day 
reduced liver tissue lesions when damaged by 
TAA and showed almost normal histological 
architecture of hepatic lobule. 

Bract and leaf extract approximately 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.

References                                                                                       

1. Rottenberg A. and D. Zohary, :”The wild ancestry 
of the cultivated artichoke.” Genet. Res. Crop 
Evol. 43, 53–58 (1996).

2. Lattanzio V., Cicco N., Linsalata V.: Antioxidant 
activities of artichoke phenolics. Acta Horticulture, 
681: 421–428 (2005).

3. Lattanzio V., Kroon P., Linsalata V., Cardinali A.: 
Globe artichoke: A functional food and source of 
nutraceutical ingredients. Journal of Functional 
Foods, 1: 131–144 (2009).

4. El Senousy, A.S., Farag, M.A., Al-Mahdy, D.A., 
Wess johann, L.A.,: Developmental changes in 
leaf phenolics composition from three artichoke 
cultivars (Cynara scolymus) as determined via 
UHPLC-MS and chemometrics. Phytochemistry 
108, 67–76 (2014).

5. J. E. Brown and C. A. Rice-Evans,: “Luteolin-rich 
artichoke extract protects low density lipoprotein 
from oxidation in vitro,” Free Radical Research, 
(29) 3, 247–255 (1998), 

6. Shen, Q., Dai, Z., Yanbin, L., : Rapid determination 
of caffeoylquinic acid derivatives in Cynara 
scolymus L. byultrafast liquid chromatography/ 
tandem mass spectrometry based on a fused core 
C18 column. J. Sep. Sci. 33,3152–3158 (2010). 

7. Abdelaziz M Hussein,Amani MD El-Mousalamy, 
Sahar AM Hussein,Seham A Mahmoud, : Effects 
Of Palm Dates (Phoenix Dactylifera L) Extracts 
On Hepatic Dysfunctions In Type 2 Diabetic 
Rat Model. World Journal of Pharmacy and 
Pharmaceutical Sciences 4 (7), 62-79 (2015) .

8. Buginese E.: Non-alcoholic steatohepatitis and 
cancer. Clin Liver Dis. 11:191–207 (2007).  

9. Bosch FX, Ribes J, Diaz M, Cleries R.: Primary 
liver cancer: worldwide incidence and trends. 
Gastroenterology,127: S5–S16 (2004). 

10. 1GBD: Disease and Injury Incidence and 
Prevalence, Collaborators. (2015). “Global, 
regional, and national incidence, prevalence, and 
years lived with disability for 310 diseases and 
injuries, 1990-2015: a systematic analysis for the 
Global Burden of Disease Study 2015”. Lancet. 
388 (10053): 1545–1602 (2016). 

11. Fratianni, F., Tucci, M., De Palma, M., Pepe, R. and 
Nazzaro, F. Polyphenolic Composition in Different 
Parts of Some Cultivars of Globe Artichoke 
(Cynara cardunculus L. var. scolymus (L.) Fiori). 
Food Chemistry, 104, 1282-1286 (2007). http://
dx.doi.org/10.1016/ j.foodchem.2007.01.044.

12. Xuchong Tang, Ruofan Wei, Aihua Deng and 
Tingping Lei,:  Protective Effects of Ethanolic 
Extracts from Artichoke, an Edible Herbal 
Medicine, against Acute Alcohol-Induced Liver 
Injury in Mice  Nutrients 2017, 9, 1000 (2017); 
doi:10.3390/nu9091000.

13. Doumas, B.T., Watson, W.A. and Biggs, H.C.: 
Albumin standard and the management of serum 
albumin with bromocresol green. Chin. Chim. 
Acta., 31:87-96 (1971).

14. Reitman, S., Frankel, S.,: A colorimetric 
method for the determination of serum glutamic 
oxaloacetic and glutamic pyruvic transaminase. 
Am. J. Clin. Pathol. 28,56–63 (1957).

15. Bancroft, J. and Gamble, M.: Theory and Practice 
of Histological Technique 4th Ed., Churchill 
Livingston, New York, London, San Francisco, 
and Tokyo (2008). 

16. Pinelli, P., Agostini, F., Comino, C., Lanteri, 



2284

Egypt. J. Chem. 63, No. 6 (2020) 

AMANI M.D. EL-MESALLAMY  et al.

S., Portis, E., Romani, A.,: Simultaneous 
quantification of caffeoyl esters and flavonoids in 
wild and cultivated cardoon leaves. J. Food Chem. 
105, 1695–1701 (2007). 

17. Jun, N.J., Jang, K.C., Kim, S.C., Moon, D.Y., Seong, 
K.C., Kang, K.H.,: Radical scavenging activity 
and content of cynarin (1,3-dicaffeoylquinic acid) 
in artichoke (Cynara scolymus L.). J. Appl. Biol. 
Chem. 50, 244–248 (2007).

18. El Senousy AS, Farag MA, Al-Mahdy DA, 
Wessjohann LA: Developmental changes in 
leaf phenolics composition from three artichoke 
cultivars (Cynara scolymus) as determined via 
UHPLC-MS and chemometrics. Phytochemistry 
108,67–76 (2014).

19. Sánchez, F., Jáuregui, O., Raventós, R., Bastida, 
J., Viladomat, F., Codina, C.,: Identification of 
phenolic compounds in artichoke waste by high-
performance liquid chromatography–tandem mass 
spectrometry. J. Chromatogr. A 1008, 57–72 
(2003).

20. SPSS.: Statistical package for social science, 
computer software, Ver. 16. London, UK: SPSS 
Company (2008). 

21. Pistón M., Machado I., Branco C.S., Cesio V., 
Heinzen H., Ribeiro D., Fernandes E., Chisté 
R.C., Freitas M.: Infusion, decoction and 
hydroalcoholic extracts of leaves from artichoke 
(cynara cardunculus L. Subsp. Cardunculus) are 
effective scavengers of physiologically relevant 
ros and rns. Food Res. Int.; 64:150–156 (2014).

22. Moglia A., Lanteri S., Comino C., Acquadro 
A., de Vos R., Beekwilder J. : Stress-induced 
biosynthesis of dicaffeoylquinic acids in globe 
artichoke. J. Agric. Food Chem. 56:8641–8649 
(2008). doi: 10.1021/jf801653w.

23. Wider B., Pittler M.H., Thompson-Coon J., 
Ernst E.: Artichoke leaf extract for treating 
hypercholesterolaemia. Cochrane Database Syst. 
Rev.;7:CD003335 (2013). 

24. Heidarian E., Soofiniya Y.: Hypolipidemic and 
hypoglycaemic effects of aerial part of cynara 
scolymus in streptozotocin-induced diabetic rats. 
J. Med. Plants Res. 5:2717–2723 (2011). 

25. Yasukawa K., Matsubara H., Sano Y. Inhibitory 
effect of the flowers of artichoke (cynara 
cardunculus) on TPA-induced inflammation and 
tumour promotion in two-stage carcinogenesis in 
mouse skin. J. Nat. Med.; 64:388–391 (2010). doi: 

10.1007/s11418-010-0403-z.

26. Gebhardt R: Inhibition of cholesterol biosynthesis 
in HepG2 cells by artichoke extracts is reinforced 
by glucosidase pre-treatment. Phytother. 
Res.;16:368–372 (2002). doi: 10.1002/ptr.960.

27. Abeer, H.A., Amal, A.F., Mamdouh, M.A. and 
Saeed, M.S.: Anticancer properties of resveratrol 
on chemically induced hepatocellular carcinoma 
in rats: Inhibition of metastasis and angiogenesis. 
J Chem Pharm Res ., 7(4):913-921 (2015). 

28. Abdelaziz, A.O., Elbaz, T.M., Shousha, H.I.: 
Survival and prognostic factors for hepatocellular 
carcinoma: an Egyptian multidisciplinary clinic 
experience. Asian Pac J Cancer Prev., 15, 3915-
20 (2014). 

29. Zekri, A., Youssef, A.S., Bakr, Y.M., et al: Serum 
biomarkers for early detection of hepatocellular 
carcinoma associated with HCV infection in 
Egyptian patients. Asian Pac J Cancer Prev., 16, 
1281-7 (2015). 

30. Afzal M, Kazmi I, Khan R, Rana P, Kumar V, Al-
Abbasi FA, Zamzami MA and Anwar F: Thiamine 
potentiates chemoprotective effects of ibuprofen 
in DENA-induced hepatic cancer via alteration of 
oxidative stress and inflammatory mechanism. Arch 
Biochem Biophys, 623-624: 58-63 (2017).

31. Nyblom H, Berggren U, Balldin J and Olsson 
R: High AST/ALT ratio mayindicate advanced 
alcoholic liver disease rather than heavy drinking. 
Alcohol Alcohol, 39(4):336-339 (2004).

32. Zhao, J., Peng, L., Geng, C., et al: Preventive 
effect of hydrazinocurcumin on carcinogenesis of 
diethylnitrosamine -induced hepatocarcinoma in 
male SD Rats. Asian Pac J Cancer Prev, 15, 2115-
21 (2014). 

33. Berk PD, Howe RB, Bloomer JR and Berlin NI: 
Studies of bilirubin kinetics in normal adults. J 
Clin Invest, 48 (11): 2176-2190 (1969).

34. Ahmed MB, Hasona NA, Selemain HA.: 
Protective effects of extract from Dates (Phoenix 
dactylifera L.) and ascorbic acid on thioacetamide-
induced hepatotoxicity in rats. Iran J Pharm Res; 
7:193-201 (2008).

35. Maideen NM, Velay utham R, Mana valan 
G.: Activity of prosopis cineraria against 
N-nitrosodiethylamine induced liver tumours 
by regulating the levels of tumour marker lipid 
peroxidation and Antioxidants. AJPLS. 2:1-9 
(2012).

36. Zhou L, Liu J and Luo F: Serum tumour markers 



2285

Egypt. J. Chem. 63, No. 6 (2020) 

IDENTIFICATION OF POLYPHENOLIC COMPOUNDS AND HEPATOPROTECTIVE ACTIVITY...

for detection of hepatocellular carcinoma. World J 
Gastroenterol, 12 (8): 1175-1181 (2006).

37. Hanaa A. Hassan , Hanaa M. Serag , Nabil M. 
Abdel-Hamid , Mahmoud M. Amr,: Synergistically 
curative effect of chicory extract and cisplatin 
against thioacetamide-induced hepatocellular 
carcinoma Hepatoma Res.1:147-154 (2015).


