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ABSTRACT 

Hepatic injury is a worldwide health problem. This study aimed to evaluate the possible 

hepatoprotective potential of Artichoke (Cynara scolymus) extract (CSE) in albino rats using 

the thioacetamide (TAA) model of liver injury. Acclimatized 42 rats were divided randomly 

into seven groups, each consists of six rats, and subjected to different treatments. Hepatic 

injury model was induced by administration of TAA at a dose of 100 mg per kg, 

intraperitoneally, twice weekly for 8 weeks (+ve control); test groups rats received CSE at 

doses of 100 or 200 mg/kg BW, orally, daily for 8 weeks adjunct with TAA; standard group 

rats received Silymarin at a dose of 100 mg per kg, orally, daily for 8 weeks adjunct with 

TAA; other 2 groups of rats received only CSE at the same dose levels; while -ve control rats 

received only the vehicles. Blood and liver tissue samples were collected at the end of the 

experimental course for different assessments. Results revealed that CSE exhibited dose-

dependent hepatoprotection indicated by nearly normalized parameters, including enzymatic 

liver function parameters (AST, ALT, GGT & ALP with potential % of 94.06, 86.96, 85.93, 

64.85, respectively, after large dose when standardized by Silymarin); non-enzymatic 

parameters (total protein, albumin, globulins, total bilirubin, conjugated bilirubin, 

unconjugated bilirubin, TAGs, Cholesterol, HDL, LDL & VLDL with potential % of 83.42, 

85.9, 83.44, 98.1, 77.41, 91.5, 97.51, 97.46, 81.41, 88.52 & 89.4, respectively, after large 

dose when standardized by Silymarin). The underlying mechanism of the observed 

hepatoprotection of CSE was attributed to impeding the oxidative stress-mediated by TAA, 

indicated by reduced hepatocyte lipid peroxidation product MDA (95.96 % of Silymarin), 

and improved antioxidative enzymes in liver homogenate, namely, GPx, Catalase & SOD 



with potentials of 95.44, 87.02 & 81.48 % of Silymarin, respectively. Macroscopic and 

microscopic pathological pictures were supportive to the biochemical findings, where the 

pathological lesions caused by TAA as congestion and dilatation of central and portal veins 

with perivascular fibrous connective tissue proliferation admixed with few mononuclear 

leukocytes plus necrotic hepatocytes and hyperplastic biliary epithelium, were ameliorated 

dose-dependently when CSE was administered together with TAA. The present study's data 

may suggest CSE as a natural source for promising hepatoprotective and antioxidant drug 

preparations. 
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INTRODUCTION 

The liver is considered one of the large body organs that play significant roles in 

metabolizing absorbed food and dealing with toxic substances easily excreted from the body. 

The liver's health problem (hepatic) disease has a high rate of incidence all over the world. 

Various factors may cause it as viruses, alcohol, obesity, drugs, or genetic. Upon the 

prolonged exposure to one or more of these factors, liver damage occurs in the form of 

fibrosis or scarring, or cirrhosis, which finally may result in hepatic failure, which is severe 

and life-threatening 1. 

Drugs, in particular, are a significant cause of liver disease with different mechanistic 

pathways. Some drugs directly affect liver cells, while others are non-injurious by 

themselves; however, after being transformed by the liver into metabolites, the latter may 

cause injury to hepatic cells either with direct or indirect mechanisms. From another aspect, 

the liver cells' toxicity may be dose-dependent or idiosyncratic, or allergic 2. 

The Incidence of hepatic adverse drug reactions (ADRs) remains unknown in the general 

population. 3 reported that the main drugs implicated in ADRs were anti‐infectious, 

psychotropic, hypolipidemic agents, and nonsteroidal anti‐inflammatory drugs (NSAIDs). 

Health professionals as physicians, veterinarians, dentists, and pharmacists use chemical 

drugs for controlling and treating disease conditions, including liver diseases. However, 

although beneficial, these chemicals may have harmful side effects on the body organs, 

including the liver, especially in chronic states. Therefore, many researchers are looking for 

safe source derived from natural products as medicinal plants in the treatment of liver 

diseases and drug-induced liver injury. 

Among medicinal plants, artichoke is a good source of natural antioxidants such as vitamin 

C, hydroxycinnamic acids, and flavones. It produces a concentration-dependent inhibition of 

oxidative stress when cells are stimulated with agents that generate reactive oxygen species 



(ROS): hydrogen peroxide, phorbol-12-myristate-13-acetate N-formyl-methionyl-leucyl-

phenylalanine 4. 

However, there is relatively little research on artichoke as a medicine. Studies on animals 

revealed that administration of root and leaf liquid extracts of artichoke exhibited good 

hepatoprotective results and helped hepatocytes regenerate. Although research is not yet 

conclusive, scientists were optimistic that its long-standing use in humans for digestive and 

bowel problems was justified. The plant also may have a hypocholesterolemic effect and 

thus may help protect against heart disease. Boiled wild artichoke reduced postprandial 

glycemic and insulinemic responses in normal subjects but did not affect metabolic 

syndrome patients 5. 

Therefore, the present study aims to evaluate the possible hepatoprotective potential of 

artichoke and its antioxidant properties in thioacetamide-induced liver injury. To achieve this 

aim, the following assessments have been performed: liver function biomarkers, oxidative 

stress markers, and pathological examination in diseased and artichoke-treated rats as 

experimental models for humans. 

 

METHODS   

Plant part and its identification 

The plant is a traditional vegetable crop of the Mediterranean basin. The cultivated 

variety: Cynara cardunculus L. var. scolymus L (globe artichoke) is grown for its fleshy 

capitula. It belongs to the family of Asteraceae 6. The leaves of Cynara scolymus were 

purchased from a medicinal plants farm, Faculty of Agriculture, Benha University, Egypt. 

The leaves were collected in September 2019. 

The plant was identified by Dr. Mostafa Hamza Mohamed, Assistant professor of vegetable 

crops, Horticulture department, Faculty of Agriculture, Benha University, Voucher number 

96647 (Figure 1).   

 

 

  



 

  

Figure 1. Leaves of Cynara scolymus used for extraction and its identification. 

 

Preparation of plant extract 

Leaves around the stems of C. scolymus were obtained, cut into smaller pieces, and dried at 

room temperature. The extraction was done by maceration of chopped leaves with 70% v/v 

(ethanol/distilled H2O). The mixture was left for 72 hr. in the refrigerator with intermittent 

shaking. The extract was filtered with muslin mesh, concentrated in shaking water pass at 

70°C for 3 days to determine the weight of crude extract, and then stored at 4 °C until 

preparation for administration. It was re-constituted by dissolving 4 g in 200 ml of isosaline 

(0.9%) for high dose extract and dissolving 2 g in 200 ml of isosaline (0.9%) for low dose 

extract to give concentrations of 40 mg/ml and 20 mg/ml, respectively. The prepared extracts 

were used to evaluate the hepatoprotective effect of artichoke extract at high (200 mg/kg) 

and small (100 mg/kg) doses in rats 7. This method of extraction was repeated every week to 

prepare fresh extracts. Percentage of yield was determined using the formula: 

 

  

            

  



Chemicals, reagents, and Kits 

Thioacetamide: It is widely used as an antipyretic and analgesic. However, the major 

complication reported is hepatotoxicity. It is used for experimental induction of liver injury 

in animal studies 8. It was obtained from Alamia company, Benha, Qalubia governorate, 

Egypt. 

Thioacetamide powder was dissolved in saline at a concentration of 40 mg/ml. The standard 

hepatotoxic dose of thioacetamide is 100 mg/kg 9. A rat weighing 200 gm was injected 

intraperitoneally with 0.5 ml of the prepared solution (40 mg/ml), equivalent to 100 mg/kg 

B. Wt. 

 

Silymarin: It is traditionally used as a raw extracted from the seeds of Silybum marianum or 

milk thistle and used to treat liver diseases but is currently available as a standard mixture of 

4 flavonolignane isomers: silibinin, isosilibinin, silidianin and silichristin 10. Silymarin used 

in this study was produced by MUP (Medical Union Pharmaceuticals), Abu sultan, Ismailia, 

Egypt, under the commercial name Hepaticum®. It is presented as 50 mg / 5 ml suspension. 

Silymarin was used as such without dilution, where a rat weighing 200 g receives 2 ml of 

Hepaticum® suspension, equivalent to 100 mg/kg B.Wt 9. 

  

Kits: The diagnostic kits for estimating aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), gamma-glutamyl transferase (GGT), alkaline phosphatase level 

(ALP), total protein, albumin, total bilirubin, and conjugated bilirubin in plasma were 

supplied from Centronic GmbH Company, Am Kleinfeld, Wartenberg, Germany. The 

diagnostic kits for estimating triglycerides, cholesterol, HDL, and LDL in plasma were 

supplied from BioDiagnostic Company, Dokki, Giza, Egypt. The diagnostic kits of 

estimating oxidative stress markers, Malondialdehyde (MDA), Glutathione peroxidase 

(GPx), superoxide dismutase (SOD), and Catalase (CAT) in liver tissue homogenate were 

also from BioDiagnostic Company, Dokki, Giza, Egypt. 

  

Experimental animals and design 

The study was performed on (42) male albino rats weighing 150-200g, obtained from 

Animal house, Faculty of Veterinary Medicine, Benha University, Egypt. The animals were 

kept in controlled standard environmental conditions of temperature, humidity, and 

light/dark exposure. All experimental animals were supplied with a balanced maintenance 

diet, while water was provided ad libitum. Animals were housed in stainless steel wire mesh 

cages with bedding of groundwood chips. They were fed fresh pelleted food in a standard 

diet (vegetable feed containing 19 % protein). Rats were cared for at constant environmental 



and nutritional conditions for 15 days for acclimatization before the experiment. The 

research was conducted following the experimental animal care and procedure (Faculty of 

Veterinary Medicine, Benha University, Benha, Egypt). 

Acclimatized rats were divided into seven groups; each consists of six rats. To assess the aim 

of the present work, groups were treated differently as follows: 

• Group I: Rats received no drugs (only vehicles, saline orally and intraperitoneally) and 

were kept as a negative control group. 

• Group II: Rats were subjected to induction of liver injury by administering TAA at a 

dose of 100 mg per kg, intraperitoneally, twice weekly for 8 weeks; the rats were kept as 

a positive control group (or diseased group). 

• Group III: Rats were subjected to liver injury as those of group II and treated 

with Silymarin (100 mg per kg, orally, daily for 8 weeks) and kept as a standard group.   

• Group IV: Rats were subjected to liver injury as those of group II and treated 

with artichoke extract (100 mg/kg BW, orally, daily for 8 weeks) and kept as group 

treated with a small dose of artichoke. 

• Group V: Rats were subjected to liver injury as those of group II and treated 

with artichoke extract (200 mg/kg BW, orally, daily for 8 weeks) and kept as group 

treated with a large dose of artichoke. 

• Group VI: Rats received only a small dose of artichoke extract (100 mg/kg). 

• Group VII: Rats received only a large dose of artichoke extract (200 mg/kg). 

  

Samples and assessments 

Blood samples: Blood for plasma was collected after 8 weeks (2 months) from the 

experiment's start for biochemical assessments. Samples were collected from the venous 

plexus located at the eye's medial canthus using heparinized capillary tubes. Each blood 

sample was collected in a sampling tube with an anticoagulant to avoid clotting at room 

temperature. Clear plasma was separated by centrifugation at 900Xg for 10 minutes and then 

collected in Eppendorf's tubes using automatic pipettes. Plasma samples were kept in a deep 

freezer (-20 °C) for analysis. 

 

Tissue samples: On the last day of feeding and administration and after blood sampling, rats 

of each group were sacrificed, and liver specimens were taken and preserved in formalin (10 

%) solution for histopathological examination. 

Other specimens from the liver were taken in sterile tubes for homogenate preparation. Liver 

tissues were rapidly removed, washed in ice-cooled saline, dried, weighed, and kept in buffer 

saline, then homogenized by an electric homogenizer. Then the homogenate was centrifuged 



in a cooling centrifuge for excluding debris from the clear supernatant. The clear supernatant 

was used for the assessment of oxidative stress markers 11. 

 

Assessments: The estimation of some biochemical parameters such as enzymes' activities in 

blood, tissues, and body fluids plays a major role in assessing drug safety 12. 

AST, ALT, GGT, and ALP activities in plasma were determined spectrophotometrically by 

specific kits as mentioned above according to methods described by 13, 14, 15, 16, respectively, 

following the instructions of the manufacturer. 

Total protein, albumin, total bilirubin, conjugated bilirubin, TAGs, Cholesterol, HDL, and 

LDL, were determined spectrophotometrically using specific kits according to principles 

of 17, 18, 19, 19, 20, 21, 22, 23, respectively, following the instructions of the manufacturer. 

Three parameters in plasma were calculated mathematically, namely, globulins, 

unconjugated bilirubin, and VLDL. The total globulin fractions were determined by 

subtracting the albumin value from the total protein, according to 24. Unconjugated bilirubin 

level was determined by subtracting the conjugated value from the total bilirubin, according 

to 25. VLDL concentration was calculated by dividing the triglyceride value by 5 to be the 

value in mg/dL according to 26. 

Oxidative and antioxidative parameters in liver homogenate were determined 

spectrophotometrically using specific kits according to 27 (MDA), 28 (GPx), 29 (Catalase), 

and 30 (SOD), following the instructions of the manufacturer. 

Histopathological examination was done according to 31. 

 

Data management and statistical analysis 

Data are expressed as mean ± standard error of the mean of 6 samples/group. The one-way 

analysis of variance (ANOVA) followed by Tukey's post hoc test was performed on the data 

for intergroup comparisons. Database management and statistical analysis were performed 

using GraphPad Prism software v. 6. The significance level was set at a 0.05 probability 

value. 

  

RESULTS AND DISCUSSION 

Liver disease of drug origin is common as many drugs have variable hepatic adverse effects 

that are, if not controlled, may cause a potential health hazard and enormous economic 

impact on health care expenditures. Numerous efforts and studies are, thus, have been 

conducted to establish reliable and early biomarkers to predict liver pathologies caused by 

drugs, especially the newly introduced and the chronically used ones. Classical informative 

candidates included serum aminotransferase markers that had been available for 30 years. 



Afterward, additional candidates have been used to evaluate hepato-safety of drugs like 

newer liver enzymes, total protein, lipid profile, and oxidation markers 32. 

Pharmacological approaches to protect the liver need liver disease models to be the 

playground of the protection trial. The hepatotoxicity of TAA has been known since 1948. In 

rats, single doses cause centrilobular necrosis accompanied by increases in plasma 

transaminases and bilirubin. To elicit these effects, TAA requires oxidative bioactivation by 

CYP450 oxidative enzymes, leading first to its S-oxide and then to its chemically reactive S, 

S-dioxide, which ultimately modifies amino acids, lipids, and proteins of hepatocytes 33,34. 

Because of its relative specificity and availability, many researchers, including us, have used 

TAA as a model of experimental liver injury upon thinking about and evaluating various 

liver protection and treatment remedies. 

As the pathogenesis of TAA depends mainly on oxidative stress on hepatocytes; so, 

antioxidants are considered as a therapeutic target for hepatoprotection. Silymarin is now an 

available standardized extract of the milk thistle (Silybum marianum) that exerts membrane-

stabilizing and antioxidant activities, promotes hepatocyte regeneration; furthermore, it 

reduces the inflammatory reaction and inhibits the fibrogenesis in the liver 35,36. 

There are many attempts made to find a natural substance like Silymarin or better for treating 

liver diseases. This study aimed to study the hepatoprotective effect of hydro-

ethanolic Cynara scolymus leaves extract (CSE) on TAA-induced liver injury. CSE was 

selected as it is well growing in Egypt, and it has been reported elsewhere to have good 

antioxidant properties that have also been investigated here. 

According to our extraction procedure described in the methodology section, the plant part's 

yield was 10.5 % that was used in the present investigation that revealed the findings 

presented and discussed below. 

  

Liver function parameters 

TAA elevated enzymatic markers (AST, ALT, GGT, ALP), as shown in Table 1 that were 

restored by co-administration of CSE in a dose-dependent manner, 85%, 94%, 86%, 86%, 

respectively, when standardized against Silymarin. This restoration potential of CSE could 

be attributed to its antioxidant effect that was proven in the present study (discussed later). 

Our data might be consistent with those of 37 who approved the hepatoprotective effects of 

CSE (0.5 g/kg/day) on carbon tetrachloride-induced liver injury (1 ml/kg) in broiler 

chickens. The present study's results may also be consistent with those of 38 who showed that 

artichoke extract (0.4, 0.8, and 1.6 g/kg body weight) decreased elevated liver enzymes in 

acute alcohol-induced liver injury (12 mL/kg body weight) in mice. On the other hand, our 

results may be inconsistent with those of 39 who reported the ineffectiveness of 



different Cynara scolymus preparations (1 and 2 g/kg) on liver injury induced by CCL4 (2.5 

ml/kg, per os) in rats. Again, our data might be inconsistent with those of 40 who found that 

artichoke leave extracts (for 12 weeks with 3200 mg per day) seemed not to be adequate to 

improve liver enzyme levels in patients with chronic hepatitis C. This discrepancy between 

our results and the above mentioned two studies may be attributed to environmental and 

methodological differences, namely, different liver injury models, different doses of 

artichoke extract, different extraction procedures, and different course of diseases and 

species. 

 

 

 

Table 1. Effects of Cynara scolumus extract (CSE) on liver enzyme activities (IU/L) in plasma of 

thioacetamide-intoxicated rats. The values in the same column with different letters are significantly 

different. 

  

In the present study, TAA decreased total protein, albumin, and globulins as shown in table 

(2) that were restored by co-administration of CSE in a dose-dependent manner; being 

approximately (83%, 85%, 84%), respectively, when standardized against Silymarin. 

Decreased amounts of either albumin and globulins result in hypoproteinemia. Restoring 

liver function, even partly, may restore the levels of various protein fractions to their average 

level as exhibited by CSE in the present study. This restoration potential of artichoke could 

be attributed to its hepatoprotective effect based on its protection against oxidative radicals 

of TAA. These results of our study may be consistent with those of 41 who reported that pre-

Group / Parameter
AST activity

(IU/L)

ALT activity

(IU/L)

GGT activity

(IU/L)

ALP activity

(IU/L)

Control:

(saline, po)
44.7 ± 3.02 (d) 25.27 ± 1.44 (d) 1.93 ± 0.11 (d) 98.67 ± 6.12 (c)

Diseased:

(TAA, 100 mg/kg, ip)
198.2 ± 10.05 (a) 96 ± 2.54 (a) 6.41 ± 0.28 (a) 462.5 ± 36.6 (a)

Standard: (TAA, 100 

mg/kg + Sil, 100 mg/kg, po)
69 ± 3.42 (c) 41.13 ± 2.49 (c) 3.2 ± 0.14 (c) 176 ± 11.08 (c)

DSD: (TAA, 100 mg/kg + 

CSE, 100 mg/kg)
99.7 ± 4.01 (b) 69.93 ± 2.97 (b) 4.65 ± 0.13 (b) 430.3 ± 20.37 (a)

DLD: (TAA, 100 mg/kg + 

CSE, 200 mg/kg)
76.67 ± 3.27 (c) 48.28 ± 2.13 (c) 3.67 ± 0.14 (c) 276.7 ± 12.82 (b)

SD:

(CSE, 100 mg/kg, po)
42.5 ± 3.94 (d) 25.83 ± 1.3 (d) 1.95 ± 0.08 (d) 103.3 ± 5.45 (c)

LD:

(CSE, 200 mg/kg, po)
42.3 ± 3.91 (d) 24.67 ± 1.45 (d) 1.8 ± 0.12 (d) 101.5 ± 6.11 (c)

Potential % from standard 

(SD)
76.24 % 47.51 % 55.21 % 11.23 %

Potential % from standard 

(LD)
94.06 % 86.96 % 85.93 % 64.85 %



treatment of rats with artichoke leaves aqueous extract (200, 400 mg/kg for 6 weeks) 

protected against the dramatic decrease in albumin, globulin, and total protein upon 

subcutaneous injection of CCl4 (2 ml/kg diluted 1:1 by liquid paraffin). Also, the results are 

consistent with those of 42 who showed the prophylactic role of CSE (500 mg/kg) on 

doxorubicin-induced toxicity (10 mg/kg) intraperitoneally in rats indicated by a significant 

increase of both serum albumin and total protein in the dox-CS groups, as compared to the 

doxorubicin group. 

 

 

Table 2. Effects of Cynara scolumus extract (CSE) on total protein, albumin and globulins levels 

(g/dL) in plasma of thioacetamide-intoxicated rats. The values in the same column with different 

letters are significantly different. 

  

In the present study, TAA significantly increased total, conjugated and unconjugated 

bilirubin as shown in table (3) that were restored by co-administration of artichoke extract in 

a dose-dependent manner, being approximately (98 %, 77%, and 91%), respectively, when 

standardized against Silymarin. The restorative effect of CSE could be attributed to the 

maintained liver function of conjugation and albumin synthesis. Our results may be 

consistent with those of 43 who reported that the artichoke extracts prepared from either outer 

part or edible part of the plant (1.5 g/kg daily, for 2 months) significantly decreased serum 

bilirubin in the TAA hepatocarcinogenesis model (400 mg/kg, intraperitoneally, once 

weekly, for 3 months); and attributed this effect to the high phenolic content of artichoke. 

  

Regarding the lipid profile in the present study, TAA has significantly increased total 

cholesterol, TAGs, and the risky lipoproteins (LDL, VLDL), but decreased the beneficial 

lipoprotein (HDL) as shown in table (4); such abnormalities have been protected by co-

administration of CSE in a dose-dependent manner; being (97%, 97%, 81%, 86%, 86%) 

when standardized against Silymarin. This restoration potential of CSE could be attributed to 

Group / Parameter
Total protein

(g/dL)

Albumin

(g/dL)

Globulins

(g/dL)

Control: (saline, po) 5.76 ± 0.21 (a) 3.91 ± 0.16 (a) 1.81 ± 0.14 (a)

Diseased: (TAA, 100 mg/kg, ip) 1.86 ± 0.13 (d) 1.45 ± 0.11 (d) 0.5 ± 0.06 (c)

Standard: (TAA, 100 mg/kg + Sil, 100 mg/kg, po) 5.33 ± 0.14 (ab) 3.56 ± 0.1 (ab) 1.56 ± 0.06 (ab)

DSD: (TAA, 100 mg/kg + CSE, 100 mg/kg) 3.31 ± 0.14 (c) 2.24 ± 0.1 (c) 0.89 ± 0.02 (c)

DLD: (TAA, 100 mg/kg + CSE, 200 mg/kg) 4.76 ± 0.14 (b) 3.26 ± 0.1 (b) 1.38 ± 0.03 (b)

SD: (CSE, 100 mg/kg, po) 5.79 ± 0.18 (a) 3.91 ± 0.16 (a) 1.9 ± 0.13 (a)

LD: (CSE, 200 mg/kg, po) 5.88 ± 0.25 (a) 3.92 ± 0.16 (a) 1.92 ± 0.14 (a)

Potential % from standard (SD) 41.64 % 37.76 % 36.61 %

Potential % from standard (LD) 83.42 % 85.9 % 83.44 %



its hypocholesterolemic and antihyperlipidemic effects that is proven in the present study 

based on its antioxidative and hepatoprotective properties. Moreover, CSE might decrease 

lipogenic enzyme activities in the liver and decrease lipid 

  

 

Table 3. Effects of Cynara scolumus extract (CSE) on total bilirubin, conjugated bilirubin, and 

unconjugated bilirubin levels (mg/dL) in plasma of thioacetamide-intoxicated rats. The values in the 

same column with different letters are significantly different. 

 

 

 

Table 4. Effects of Cynara scolumus extract (CSE) on lipid parameters (mg/dL) in plasma of 

thioacetamide-intoxicated rats. The values in the same column with different letters are significantly 

different. 

  

concentration in blood 44. Our data may be consistent with those of 45 who reported 

antihyperlipidemic activity of artichoke leaves extract (200 mg/kg and 400 mg/kg during 8 

weeks) against high fat diet-induced obesity in rats. In contrast, the data may disagree with 

those of Rodriguez et al. (2002), who found that repeated (twice a day for 7 consecutive 

Group / Parameter
Total

Bilirubin (mg/dL)

Conjugated

bilirubin (mg/dL)

Unconjugated 

bilirubin (mg/dL)

Control: (saline, po) 0.58 ± 0.03 (c) 0.125 ± 0.008 (d) 0.38 ± 0.02 (c)

Diseased: (TAA, 100 mg/kg, ip) 2.07 ± 0.11 (a) 0.262 ± 0.008 (a) 1.71 ± 0.17 (a)

Standard: (TAA, 100 mg/kg + Sil, 100 

mg/kg, po)
0.75 ± 0.01 (c) 0.138 ± 0.004 (d) 0.51 ± 0.02 (c)

DSD: (TAA, 100 mg/kg + CSE, 100 mg/kg) 0.97 ± 0.01 (b) 0.192 ± 0.002 (b) 1.03 ± 0.04 (b)

DLD: (TAA, 100 mg/kg + CSE, 200 mg/kg) 0.77 ± 0.01 (c) 0.166 ± 0.001 (c) 0.61 ± 0.02 (c)

SD: (CSE, 100 mg/kg, po) 0.56 ± 0.02 (c) 0.124 ± 0.003 (d) 0.38 ± 0.02 (c)

LD: (CSE, 200 mg/kg, po) 0.56 ± 0.01 (c) 0.132 ± 0.001 (d) 0.41 ± 0.02 (c)

Potential % from standard (SD) 82.94 % 56.45 % 61.69 %

Potential % from standard (LD) 98.1 % 77.41 % 91.5 %

Group / 

Parameter

TAGs

(mg/dL)

Cholesterol

(mg/dL)

HDL

(mg/dL)

LDL

(mg/dL)

VLDL

(mg/dL)

Control 63.89 ± 2.26 (c) 69.3 ± 3.11 (d) 23.67 ± 0.56 (a) 42.58 ± 1.22 (d) 12.36 ± 0.46 (d)

Diseased 212.3 ± 10.56 (a) 167.7 ± 4.61 (a) 7.08 ± 0.68 (d) 124.2 ± 5.4 (a) 52.83 ± 2.35 (a)

Standard 74.41 ± 2.05 (c) 86.56 ± 0.58 (c) 18 ± 0.27 (b) 55.07 ± 1.03 (c) 15.72 ± 0.48 (cd)

DSD 98.27 ± 1.18 (b) 113.4 ± 1.37 (b) 12.17 ± 0.32 (c) 82.38 ± 0.84 (b) 30.5 ± 1.18 (b)

DLD 77.83 ± 1.81 (c) 88.62 ± 0.98 (c) 15.97 ± 0.15 (b) 63 ± 1.16 (c) 19.65 ± 0.72 (c)

SD 62 ± 2.02 (c) 70.5 ± 3.23 (d) 24.17 ± 0.92 (a) 44.33 ± 0.77 (d) 13.33 ± 0.37 (d)

LD 62.83 ± 2.71 (c) 70 ± 2.99 (d) 25.78 ± 0.84 (a) 44.85 ± 0.6 (d) 14.43 ± 0.36 (d)

SD Pot. % 82.69 % 66.92 % 45.78 % 60.49 % 60.17 %

LD Pot. % 97.51 % 97.46 % 81.41 % 88.52 % 89.4 %



days) oral administration of aqueous artichoke leaf extract (100, 200, and 400 mg/kg) to rats 

produced no significant differences in cholesterol, TG and phospholipids. The data are also 

not in agreement with 46 who reported insufficiency of cynarin, the active ingredient of 

artichoke (250 mg before meals either once or 3 times daily) as a therapeutic regimen in 

patients with familial type 2 hyperlipoproteinemia. The mean serum cholesterol and 

triglyceride concentrations in patients with Type II hyperlipoproteinemia had not 

significantly changed within 3 months, neither with 250 mg nor 750 mg Cynarin daily. 

These differences may be explained based on methodological and environmental differences, 

namely, different models of liver injury, different doses of artichoke extract, different 

extraction procedure, course of diseases and species. 

 

Oxidative stress parameters 

In the present study, TAA significantly increased MDA from one hand and decreased GPx, 

SOD, and CAT from the other hand, as shown in figure (2); such abnormalities have been 

restored to a large extent by co-administration of CSE in a dose-dependent manner; being 

approximately (96%, 96%, 86%, 81%) when standardized against Silymarin. This restoration 

potential of artichoke could be attributed to its antioxidant effect proven in the present study; 

however, active principles in the extract responsible for such effect need to be investigated. 

  

The antioxidant effect recorded in the present study may be consistent with 47 who reported a 

protective effect of the artichoke leaf extract (300 mg/kg BW) against cadmium (100 mg/L)-

induced oxidative stress in rats. Artichoke leaf extract significantly improved the antioxidant 

system and hepatorenal function with a significant decline in MDA and elevation of GSH, 

GPX, SOD, and catalase. Moreover, our data are consistent with those of 48 who reported 

hepato-curative effects of aqueous artichoke leaf extract (1.5 g/kg orally for 14 days) on 

hepatic damage and oxidative stress generated by alpha-amanitine (3 mg/kg single dose ip) 

in male rats. 

 

 



 

Figure 2. Effects of Cynara scolymus extract (CSE) on oxidative and antioxidative parameters in liver 

homogenate of thioacetamide-intoxicated rats: Bar-graph showing the effects of CSE on 

thioacetamide-induced hepatic oxidative stress evaluated by MDA (Malonyl-di-aldehyde, nmol/g wet 

wt, A), GPx (Glutathione peroxidase, IU/g wet wt, B), Catalase (IU/g wet wt, C) and SOD (Superoxide 

dismutase, IU/g wet wt, D) in different treatment groups. C (Control: saline, po); D (Diseased: 

thioacetamide, 100 mg/kg, ip), S (Standard: diseased rats treated with Silymarin, 100 mg/kg, po), DSD 

(diseased rats treated with a small dose of CSE, 100 mg/kg, po); DLD (diseased rats treated with a 

large dose of CSE, 200 mg/kg, po); SD (normal rats treated with a small dose of CSE); LD (normal 

rats treated with a large dose of CSE). The results represent the mean ± SE of 6 rats/group. The bars 

with different letters are significantly different at P ≤ 0.05 (Tukey's after ANOVA). 

  

  

However, our data may be inconsistent with those of 39 who reported non-efficacy of 

different Cynara scolymus preparations (1 and 2 g/kg) on CCl4-induced liver injury in rats. 

Pre-treatment with either of those extracts or chlorogenic acid did not reduce significantly 

the production of MDA. This difference may happen because of environmental and 



methodological variations, namely, liver injury models, doses and types of artichoke 

extracts, and practical courses. 

  

Pathological findings in the present study come parallel to biochemical data. 

Macroscopically, no gross changes were detected in these rats' examined livers, which 

received only the vehicles of drugs used (normal saline orally and parenterally). The liver 

showed standard, smooth, soft, and shiny brown surfaces, with no irregularities on the 

surface. Livers dissected from rats treated with TAA (100 mg/Kg, IP, twice weekly for 8 

weeks) showed hepatic enlargement with multiple nodular irregularities, pale red color, 

rough surface. Livers dissected from rats treated with silymarin (100 mg/Kg, PO, daily for 8 

weeks) and thioacetamide showed apparent recovery signs as red-brown color, smooth and 

shiny brown surface, with no or much fewer irregularities. Livers dissected from rats treated 

with low dose (100 mg/kg, orally) of CSE for 8 weeks and TAA showed hepatic 

enlargement with multiple nodular irregularities, pink color, rough surface. Livers obtained 

from rats of group 5, treated with CSE high dose (200 mg/kg, orally) for 8 weeks along with 

TAA, revealed good restoration of the hepatic architecture with almost normalized shape 

(smooth with no irregularities). Livers dissected from rats treated with either low or large 

CSE doses (100 or 200 mg/Kg, PO, daily, respectively) for 8 weeks showed normal liver 

with deep red color, soft, smooth, with no irregularities on the surface (Fig. 3 a-f). 

  

  



 

  

Figure 3. Macroscopic picture of livers obtained from rats of control (a), TAA-treated (b), TAA + 

Silymarin treated (c), TAA + CSE SD treated (d), TAA + CSE LD treated (e), CSE LD (f), showing (a) 

typical obvious signs of red-brown color, smooth and shiny brown surface, with no irregularities on 

the surface, (b) hepatic enlargement with multiple nodular irregularities, pale red color and rough 

surface, (c) signs of recovery as red color, smooth and shiny brown surface, with no irregularities, (d) 



hepatic enlargement with multiple nodular irregularities, pale color, rough surface, and edges, (e) 

good restoration of the hepatic architecture like normal appearance (smooth, soft, with no 

irregularities on the surface), (f) normal liver with deep red color, soft, smooth, with no irregularities 

on the surface. 

  

Microscopically, the standard histological structure was detected in the examined livers of 

these rats as the liver showed standard histological criteria of blood vessels, bile ducts, and 

hepatic cords (Fig. 4a). 

The microscopical examination of livers obtained from thioacetamide-treated rats revealed 

extensive congestion and dilatation of central and portal veins, dilatating hepatic blood 

sinusoids, and activation of Kupffer cells in association with perivascular fibrous connective 

tissue proliferation admixed with few mononuclear leukocytes. Fibrin thrombi were 

occasionally seen in portal veins. Obvious hydropic degeneration and fatty changes 

characterized by swollen, pale, vacuolated cytoplasm were commonly demonstrated in the 

hepatocytes (Fig. 4b). The proliferation of fibrous connective tissue was frequently seen 

around the central vein and in portal areas with occasional bridging from the central vein to 

central vein (Fig. 4c) and from the central vein to adjacent portal areas. The portal areas were 

moderately expanded by fibrous connective tissue proliferation with few mononuclear 

leukocytic cellular infiltration, prominent lymphocytes with mild hyperplasia of the biliary 

epithelium peri-ductal fibrous connective tissue proliferation (Fig. 4d). Multifocally, there 

were strands of fibrous connective tissue infiltrated by mononuclear inflammatory cells and 

replacing the hepatic parenchyma with a distinct nodular pattern with the formation of 

pseudo-lobulation; the hepatic parenchyma was also noticed as well as fibrous connective 

tissue proliferation was also demonstrated adjacent to degenerated and necrotic hepatocytes 

(Fig. 4e). Multifocally and randomly, there were small focal areas of lytic necrosis 

characterized by replacing the hepatic parenchyma with eosinophilic cellular and 

karyorrhectic debris, admixed with fibrin, and fewer lymphocytes (Fig. 4f). Occasionally, 

large areas of lytic necrosis, with the vacant space's replacement by erythrocytes and few 

inflammatory cells, were demonstrated. 

  

Meanwhile, the histopathological examination of the liver of rats treated with Silymarin for 8 

weeks revealed diffuse degeneration of the hepatocytes, characterized by marked 

enlargement of the cells by multiple variably sized discrete empty vacuoles that distend the 

cell cytoplasm were observed. The liver's prominent microscopical findings were a 

noticeable reduction in the intensity and spreading of fibrous tissue proliferation that 

appeared as thin strands in between hepatic lobules in most examined sections was detected 



  

 

 

  

Figure 4. H&E stained section of liver obtained from rats of the control group (a) and intoxicated 

group that received 100 mg/kg TAA, twice a week for 8 weeks (b-f), showing: (a) standard histological 

criteria of blood vessels (CV) and hepatocyte (arrow, x 200), (b) extensive hydropic degeneration 



(arrow) of hepatocytes characterized by swollen, pale, vacuolated cytoplasm (arrow, x400), (c) fibrous 

connective tissue bridging (arrow) from the central vein (CV) to the central vein (CV, x100), (d) mild 

hyperplasia of the lining epithelium of bile duct (arrow) with peri-ductal fibrous connective tissue 

proliferation (asterisk, x400), (e) strands of fibrous connective tissue proliferation (arrow) in the 

hepatic parenchyma forming pseudo-lobulation adjacent to degenerated hepatocytes (D) and necrotic 

tissue (LN, x 100), (f) discrete foci lytic necrosis (LN) with fibrous connective tissue proliferation (FT) 

in the hepatic parenchyma (x 400) 

  

  

  

(Fig. 5a). Multifocally, mild periportal fibrous connective tissue proliferation effacing, 

separating, and surrounding the adjacent hepatic parenchyma (Fig. 5b). 

 

However, the microscopical examination of the liver of animals treated for 8 weeks with a 

low dose of CSE showed less prominent histopathological changes when compared with the 

group treated with TAA for the same period. Mild vacuolar and hydropic degeneration in the 

hepatocytes with the expansion of the portal areas with edema admixed with a few 

inflammatory cells, mainly lymphocytes and fewer macrophages. Furthermore, the bile ducts 

were ecstatic and revealed mild periductal fibrosis infiltrated by few mononuclear 

inflammatory cells (Fig. 5c). Multifocally, there were variably small-sized discrete strands of 

fibrous connective tissue proliferation in the hepatic parenchyma, mainly adjacent to the 

degenerated hepatocytes (Fig. 5d). The proliferated fibrous tissue was infiltrated and rimmed 

by mononuclear inflammatory cells. Mild periportal fibrous connective tissue proliferation 

(Fig. 5e). 

  

Concerning liver obtained from rats of group 5 treated with TAA and a high dose of CSE for 

8 weeks revealed good restoration of the hepatic parenchymal cells as mild congestion of the 

central vein and hepatic sinusoid. Mild degenerative changes in the hepatocytes with 

Kuepfer cells' activation as the hepatocytes have small intracytoplasmic vacuoles were 

demonstrated. Meanwhile, the portal area nearly showed typical histological structures 

except for a few mononuclear leukocytic cellular infiltration. However, a marked reduction 

in the intensity and spreading of fibrous tissue proliferation appeared as thin strands of the 

fibrous connective tissue between hepatic lobules were noticed in most examined sections 

(Fig. 5f). Liver specimens from rats of 6 and 7 treated only with CSE revealed normal-like 

findings (not shown). 

  



 

 

  

Figure 5. H&E stained sections of livers obtained from rats of group 3 (a-b), group 4 (c-e) and group 5 

(f), showing: (a) fine strands of fibrous connective tissue in the hepatic parenchyma  (arrow, x 100), 

(b) mild peri-portal fibrous connective tissue proliferation (arrow, x400), (c) ectatic bile duct (E) with 

mild periductal fibrosis infiltrated by few mononuclear inflammatory cells (arrow, x400), (d) fine 

strands of fibrous connective tissue (arrow) adjacent to the degenerated hepatocytes (D, x400), (e) 



mild peri-portal fibrous connective tissue proliferation (arrow, x400), (f) thin strands of the fibrous 

connective tissue in the hepatic parenchyma (arrow, x400). 

  

This study's above-mentioned pathological findings may be partially consistent with those 

of 43 who found that TAA (400 mg/kg, IP)-induced multilobular liver cirrhosis with the 

trabecular arrangement of hepatocytes with dilatation of hepatoportal blood vessel revealing 

criteria of malignancy. However, these criteria were regressed by artichoke extract (1.5 g/kg 

for 2 months), and the liver showed cirrhosis with focal vacuolation of the hepatocytes, 

dilatation of hepatoportal blood vessel with regression of the trabecular arrangement of the 

hepatocytes. Our study's pathological findings may also be partially consistent with those 

of 49 who reported that di-ethyl-nitrosamine (100 mg/kg) affected the liver cells through the 

occurrence of hepatic cellular degeneration and necrosis. Simultaneously, treatment with 

artichoke heads or leaves (0.5, 1 g) for 25 days led to significant amelioration of such 

changes in the liver's histological architecture. Moreover, our results are partially consistent 

with those of 38 who reported the protective effects of ethanolic extracts from artichoke (0.4, 

0.8, and 1.6 g/kg body weight) by gavage once daily, an edible herbal medicine, against 

acute alcohol-induced liver injury (12 mL/kg body weight) orally in mice for 10 days. 

Histopathological examination showed that artichoke attenuated degeneration, inflammatory 

infiltration and necrosis of hepatocytes. 

  

CONCLUSIONS 

It could be concluded that Artichoke extract has a significant hepatoprotective potential 

indicated by: i) It reduced elevated levels of enzymatic markers (AST, ALT, GGT & ALP); 

ii) It increased the levels of total protein, albumin, globulins and decreased levels of 

bilirubin; iii) It decreased high TAGs, cholesterol & risky lipoproteins (LDL & VLDL) 

while increased the level of beneficial lipoprotein (HDL), iv) It increased GPx, SOD, CAT, 

while decreased MDA in thioacetamide-induced liver injury rat model. 

  

Overall, a large dose of artichoke could be a useful adjuvant in the prevention of liver injury. 

We highly recommend using artichoke extract as a supplement drug with the treatment of 

liver injury. However, the active constituents and molecular bases of the artichoke effect 

need further investigation. 
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