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Abstract: The present study aims to determine the bioactive compounds and biological activities of the Silybum 

marianum ethanolic extract (SME). Also, the potential effects of SME on obesity and other related complications in 

rats will be investigated. Data of the proximate chemical composition of Silybum marianum seed powder indicated 

that carbohydrates were the largest compound (67.21%) followed by ash (16.23 ± 1.14
 
%), crude fat (26.72%), Total 

protein (22.17%), crude fiber (7.17%) and ash (2.83%). Also, bioactive compounds content of SME indicated that 

Silymarin was the most largest compound (269.65 mg. g
-1

) followed by phenolics (127.65 mg gallic acid equivalent. 

g
-1

), flavonoids (65.1 mg quercetin equivalent. g
-1

), tannins (39.49 mg catechine equivalent. g
-1

), α-tocopherol (27.43 

mg. g
-1

), chlorophyll (11.54 mg. g
-1

), β-carotene (6.83 mg. g
-1

) and anthocyanin's (4.29 mg Cyanidin 3-glucoside, 

CCy3G equivalent.g
-1

). The samples also exhibited several high biological activities which include inhibition of low 

density lipoprotein (LDL) oxidation and scavenging of free radicals. Such important biological effects could play 

important roles in strategies to combat / treat obesity and its complications in rats. SME intervention by 200 to 800 

mg/kg bw/day by oral gavages for 8 weeks consecutive days leads to significantly (p≤0.05) decrease the body 

weight, lower the serum lipid profile parameters (TGs, TC and LDL-c), enhanced the liver functions in obese, and 

positively manipulate of the obesity-related the histopathological changes of the model (obese) control group. 

Therefore, data of the present study recommended like of that Silybum marianum extracts to be included in our daily 

diets, drinks, food supplementation and pharmacological formulae for the obese patients.  
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1. Introduction 

Obesity may be defined as a state of imbalance between 

calories ingested versus calories expended which would 

lead to excessive or abnormal fat accumulation [1]. It is 

results from inherited, physiological and environmental 

factors, combined with diet, physical activity and exercise 

choices. The prevalence of overweight and obesity is 

commonly assessed by using body mass index (BMI), 

which defined as the weight in kilograms divided by the 

square of the height in meters (kg/m
2
) [2]. A BMI over 30 

kg/m
2
 is defined as obese. These markers provide 

common benchmarks for assessment, but the risks of 

disease in all populations can increase progressively from 

lower BMI levels [3,4].  Annually, about 4.7 million 

premature deaths occur due to obesity. It was ranked fifth 

among the leading preventable causes of death, making up 

12.3% of all deaths worldwide and 8.4% of total 

disability-adjusted life years (DALYs) lost to non-

communicable diseases [5,6]. Also, Ramasamy et al., [7] 

stated that the medical and psychological complications of 

obesity participate in a large share of health care 

expenditures, and also generate additional economic costs 

on the general budgets of countries through loss of worker 

productivity, increased disability, and premature loss of 

individuals. Perhaps these problems come through the 

association of obesity with various diseases, particularly 

cardiovascular diseases, diabetes mellitus type 2, 

obstructive sleep apnea, certain types of cancer, 

osteoarthritis, asthma, and neurological and 

immunological disorders [3,8-16]. These co-morbidities 

are most commonly shown in metabolic syndrome, a 

combination of medical disorders which includes: diabetes 
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mellitus type 2, high blood pressure, high blood 

cholesterol, and high triglyceride levels [15,17-19]. Also, 

obesity-induced insulin resistance seems to be related to 

chronic inflammation, glucotoxicity, lipotoxicity, and 

adipokine dysregulation [20]. These obesity comorbidities 

are also more commonly seen in metabolic syndrome, a 

group of medical disorders that includes: type 2 diabetic 

mellitus, and high blood pressure, cholesterol, and 

triglyceride levels. 
In obesity treatment/prevent strategies, a number of 

pharmacological approaches have been investigated in 

recent years but few therapeutically effective and safe 

products have been developed [21]. Also, the epochal 

pharmacological therapy is costly and associated with 

multiple side effects resulting in patient non-compliance. 

Hence, there was an urgent need to search for alternative 

therapies especially from natural sources, as they are cost 

effective and have few side effects. In this direction, 

several plant parts have been applied as anti-obesity 

agents in our previous study [12,13,15,16,22,23]. These 

plant parts initially took the form of crude drugs such as 

powders, extracts and other herbal formulations which 

exhibited positively effects in preventing and/or treating 

obesity and its complications in experimental animals. 

Therefore, the results of these studies were an encouraging 

factor to expand in this field, using different plant parts 

that are widespread in the global and local environment. 

Milk thistle (Silybum marianum L., Family: Asteraceae) 

is an annual/biennial plant, native of Mediterranean area 

and now growing and cultivated worldwide including 

Egypt [25-27] (Figure 1). It has been used for centuries in 

medicine, mainly to treat kidney, spleen and liver diseases 

[28]. Such as reviewed by Abenavoli et al., [29], the 

Roman, Greek, German, England and American physician, 

pharmacologist and naturalist in the old ages used this 

plant juices, extracts and prescriptions to carry off the bile, 

against serpent bites and all melancholy diseases, treat 

liver ailments, cure fever, and recommended for varicose 

veins, menstrual problems, and congestion of the spleen, 

kidney and liver.  Also, milk thistle fruits contain several 

bioactive compounds, mainly, silymarin. Silymarin is a 

complex mixture of polyphenolic molecules, including 

seven closely related flavonolignans (silybin A, silybin B, 

isosilybin A, isosilybin B, silychristin, isosilychristin, 

silydianin) and one flavonoid (taxifolin) [30]. Silibinin, a 

semipurified fraction of silymarin, is primarily a mixture 

of two diastereoisomers, silybin A and silybin B, in a 

roughly 1:1 ratio [31]. Traditional milk thistle extract is 

made from the seeds, which contain approximately 4–6% 

silymarin
 

[32].The extract consists of about 65–80% 

silymarin and 20–35% fatty acids, including linoleic acid. 

Regarding the beneficial medical properties of milk thistle 

and main constituent, silymarin, several animal and 

human studies have been suggested that silymarin could 

be a good candidate in the therapy of metabolic syndrome 

disease [33-36]. Metabolic syndrome is the medical term 

for a combination of diabetes, high blood pressure 

(hypertension) and obesity which put the subjects at 

greater risk of getting coronary heart disease, stroke and 

other conditions that affect the blood vessels [37,27]. Also, 

different pharmacological functions of silymarin in liver 

diseases: antioxidant, antifibrotic regenerative (stimulate 

hepatic regeneration, choleretic, hepatoprotective, 

immunostimulating, and anti-inflammatory were also 

reported [27,38]. Thus, milk thistle is among the 

top‐selling herbal dietary supplements all over the world 

[39]. 

All the literature data suggest that although preclinical 

data are encouraged, more well-designed trials are needed 

to fully understand the real value of milk thistle seeds 

extracts (MTE) in obesity and its related complications. 

Complications attributable to obesity create a huge 

economic, humanistic, and clinical burden all over the 

world. Reducing obesity could help dramatically decrease 

the catastrophic health effect of these diseases which in 

turn decreases mortality and disability-adjusted life years 

(DALYs) lost. Therefore, the current study aims to 

prepare the ethanolic extract from the seeds of milk thistle 

(Silybum marianum L.) and study its bioactive compounds 

content and antioxidant activities.  Also, the potential 

protective effects of such extract on obesity and its 

complications in experimental rats will be in the scope of 

this investigation.

 

Figure 1. Milk thistle (Silybum marianum L.) growing wild on the sides of irrigation canals in Mit Ghorab village, ElSinbellaween Center, Dakahlia 

Governorate, Egypt: Leaves, flowers, mature fruits, seeds and ethanolic extract 
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2. Materials and Methods 

2.1. Materials  

2.1.1. Milk thistle, (Silybum marianum L.) fruits 

Dried fruits of wild plant populations growing in public 

irrigation canals were collected with special arrangements 

from Mit Ghoarb Village of, Sinbillawin, Dakahlia 

Governorate, Cairo Egypt. The fruits were collected in 

burlap sacks, and transported to the Agricultural Plant 

Department, Faculty of Agriculture, Menoufia University, 

Shebin El-Kom, Egypt for taxonomic confirmation. 
 

2.1.2. Diet-induced obesity (DIO) 

Diet-induced obesity (DIO), product no. D1245, was 

purchased from Research Diets, Inc. NJ, Protein, 24 g/100 

g (Kcal, 20%) carbohydrates, 41 g/100 g (Kcal, 35%) and 

fat, 24g/100 g (Kcal, 45%). 

2.1.3. Chemicals  

Bioactive compounds standard [gallic acid (GA), 

catechine (CA), α-tocopherol and Butylated 

hydroxytoluene (BHT)], DDPH (2,2-diphenyl-1-

picrylhydrazyl), AAPH [2,2′-Azobis(2-

methylpropionamidine) dihydrochloride], dimethyle 

sulfoxide (DMSO),silymarin, β-carotene, α-tocopherol 

and sulphanilic acid, were purchased from Sigma 

Chemical Co., St. Louis, MO.All other chemicals (Except 

as otherwise stated), reagents and solvents were of 

analytical grade were purchased from El-Ghomhorya 

Company for Trading Drug, Chemicals and Medical 

Instruments, Cairo, Egypt. 

2.1.4. Kits 

Kit's assays for Alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), alkaline phosphatase 

(ALP), malondialdehyde (MDA), serum lipids profile 

(triglycerides, TGs; total cholesterol, TC; high density 

lipoprotein cholesterol, HDL-c), serum glucose and 

insulin level were purchased from BIODIAGNOSTIC, 

Dokki, Giza, Egypt. Reduced glutathione (GSH) and 

oxidized glutathione (GSSG) were assayed by the kits 

provided by MyBioSource, Inc., San Diego, CA, USA.). 

Reactive oxygen species (ROS) assayed by the kits was 

provided by Sigma-Aldrich, St. Louis, Missouri, USA. 

Casein was obtained from Morgan Chemical Co., Cairo, 

Egypt. Vitamins and salts mixtures in food grade, organic 

solvents and other chemicals in analytical grade were 

purchased from El-Ghomhorya Company for Trading 

Drugs, Chemicals and Medical instruments, Cairo, Egypt. 

2.1.5. Machines 

UV-visible-light spectrophotometer (UV-160A; 

Shimadzu Corporation, Kyoto, Japan) was used for all 

biochemical analysis. 

 

 

 

 

2.2. Methods 

2.2.1. Preparation of Silybum marianum seeds ethanol 
extracts (SME)  

Dried fruits of Silybum marianum samples were 

transferred to the laboratory. The seeds were extracted 

manually and sieved to remove foreign bodies and 

damaged seeds. Seed were ground in high miller speed 

(Moulinex Egypt, Al-Araby Co., Egypt) and reduced to 

powder (20 mesh) and mixed to obtain homogeneous 

samples. SMEE was prepared such as mentioned in 

Oludemi et al., [40]. Five grams of Silybum marianum 

dried powder were extracted in a Soxhlet apparatus 

(Soxhlet Semiautomatic apparatus Velp company, Italy) 

for 5-6 h (25 ± 5 min per cycle) using 80% ethanol. 

Finally, the solvent was evaporated under reduced 

pressure (rotary evaporator Büchi R-210, Switzerland) to 

obtain the dried solvent extract and stored at 4 
0
C before 

use. The total yield of SME was 5.61% (w/w) in terms of 

the Silybum marianum seeds.  

2.2.2. Chemical analysis of Silybum marianum seeds 
powder 

BA samples were analyzed for proximate chemical 

composition including moisture, protein (T.N. × 6.25, 

micro - kjeldahl method using semiautomatic apparatus, 

Velp company, Italy), fat (Soxhlet Semiautomatic 

apparatus Velp company, Italy, petroleum ether solvent), 

ash, fiber and dietary fiber contents were determined using 

the methods described in the AOAC, (1995). 

Carbohydrates calculated by differences: Carbohydrates 

(%) = 100 - (% moisture + % protein + % fat + % Ash + % 

fiber) 

2.2.3. Bioactive compounds determination in Silybum 
marianum seeds ethanol extracts (SME) 

Total phenolics were determined using Folin-Ciocalteu 

reagent according to Singleton and Rossi, [41] and Wolfe 

et al., [42]. Results are expressed as gallic acid and 

equivalents (GAE). Total flavonoids contents were 

estimated using colorimetric assay described by Zhisen et 

al., [43]. Total flavonoid contents were expressed as 

catechin equivalent, CAE. Total content of anthocyanins 

in the sample was measured spectrophotometrically such 

as described by Sukwattanasinit et al., [44] using molar 

extinction coefficient of cyanidin-3,5-diglucoside (26 300 

M
−1

 cm
−1

). Tannins were determined in samples by the 

method of Van-Burden and Robinson [45] and expressed 

as mg catechine per g of dw. Silymarin was determined 

spectrophotometrically method such as described by 

Rajasekaran et al., [46]. The method is based on the 

reaction of silymarin with diazotized sulphanilic acid in 

alkaline medium to form red color chromogen which 

exhibiteds absoption maximum at 460 nm. The total 

chlorophyll (a+b) concentration was determined 

spectrophotometrically according to the method of Zilha 

et al., [47] by measuring the absorbance of the extract at 

662 nm and 644nm, respectively. The resulting 

absorbance measurements are then applied to a standard 

equation. β-carotene was determined by UV-Vis 
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spectrophotometric method described by Biswas et al., 

[48]. α-tocopherol was determined according to the 

method of Tütem et al., [49] by using of the copper (II)-

neocuproine spectrophotometric method. 

2.2.4. Antioxidant activity determination 

2.2.4.1. DPPH radical scavenging assay 

Free radical scavenging ability of brown algae 

(Sargassum subrepandum) extracts was tested by DPPH 

radical scavenging assay as described by Desmarchelier et 

al. [50]. A solution was prepared, and 2.4 mL of 2,2-

diphenyl-1-picrylhydrazyl (DPPH) (0.1 mM in methanol) 

was mixed with 1.6 mL of G. lucidum extract at different 

concentrations (12.5–150 μg/mL). The reaction mixture 

was vortexed thoroughly and left in the dark at room 

temperature for 30 min. The absorbance of the mixture 

was measured spectrophotometrically at 517 nm (UV-

160A; Shimadzu Corporation, Kyoto, Japan). BHT was 

used as reference. Percentage DPPH radical scavenging 

activity was calculated by the following equation: DPPH 

radical scavenging activity (%) =[(A0− A1)/A0]×100. 

where A0, absorbance of the control, and A1, absorbance 

of the BA / BHT. Then inhibition (%) was plotted against 

concentration, and IC50 was calculated from the graph.  

2.2.4.2. Inhibition of low density lipoprotein (LDL) 
oxidation 

Inhibition of LDL oxidation was determined in brown 

algae (Sargassum subrepandum) according to the method 

of Princen et al., [51]. Adult male white albino rat, 

Sprague Dawley strain, serum was collected and diluted 

by phosphate buffer (50 mM, pH 7.4) to the concentration 

of 0.6%. Quantities of 5.0 ml diluted serum were mixed 

with 10 µl DMSO or 10 µl DMSO containing various 

concentrations of the all tested algae extracts. A 20 µl of 

CuSO4 solution (2.5 mM) was added to initiate the 

reaction and the absorbance at 234 nm was recorded then 

was taken every 20 min thereafter for 140 min at room 

temperature. The final result was expressed by calculation 

the net area under the curve. 

2.3. Biological experimental 

2.3.1. Ethical approval  

Biological experiments for this study were ethically 

approved by the Scientific Research Ethics Committee 

(Animal Care and Use), Faculty of Home Economics, 

Menoufia University, Shebin El-Kom, Egypt (Approval 

no. 21- SREC- 03-2022).  

2.3.2. Animals 

Animals used in this study, adult male albino rats 

(146.81±5.95 g per each) were obtained from Helwan 

Station, Ministry of Health and Population, Helwan, Cairo, 

Egypt.  

2.3.3. Standard/Basal Diet (BD) 

The basic diet prepared according to the following 

formula as mentioned by Reeves et al., [52] as follow: 

protein (10%), corn oil (10%), vitamin mixture (1%), 

mineral mixture (4%), choline chloride (0.2%), 

methionine (0.3%), cellulose (5%), and the remained is 

corn starch (69.5%). The used vitamin and minerals 

mixtures component were formulated according to Reeves 

et al., [52]. 

2.3.4. Experimental design 

All biological experiments performed a complied with 

the rulings of the Institute of Laboratory Animal 

Resources, Commission on life Sciences, National 

Research Council [53]. Rats (n=36 rats), were housed 

individually in wire cages in a room maintained at 25 ± 3 
0
C, relative humidity (56±4%), a 12-hr lighting cycle and 

kept under normal healthy conditions. All rats were fed on 

BD for one-week before starting the experiment for 

acclimatization. After one week period, the rats were 

divided into two main groups, the first group, normal 

control, (Group 1, 6 rats) still fed on BD and the other 

main group (30 rats) was used for obesity induction by 

feed with diet-induced obesity (DIO) for 8 weeks and 

classified into five sub groups as follow: group (2), model 

control, fed on BD only as a positive control (rats with 

obesity) and groups (3-6) fed on BD and administered by 

oral gavages, using a feeding needle with 200, 400, 600, 

and 800 mg/kg bw/day SMEE, respectively. SMEE 

extract concentrations were selected for experiments based 

on many of the results of previous studies [54]. Each of 

the above groups was kept in a single cage for 8 weeks. 

Rats were weighted at the beginning of experimental then 

weekly and at the end of the experimental period. 

2.3.5. Blood sampling 

At the end of experiment period, 4 weeks, blood 

samples were collected after 12 hours fasting using the 

abdominal aorta and rats were scarified under ether 

anesthetized. Blood samples were received into clean dry 

centrifuge tubes and left to clot at room temperature, then 

centrifuged for 10 minutes at 3000 rpm to separate the 

serum according to Drury and Wallington, [55]. Serum 

was carefully aspirate, transferred into clean covet tubes 

and stored frozen at -20
o
C until analysis. 

2.3.6. Hematological analysis 

Different tested parameters in serum were 

determination using specific methods as follow: aspartate 

aminotransferase (AST), alanine aminotransferase (ALT) 

and alkaline phosphatase (ALP) activities according to 

Yound, [56], Tietz, [57], and Yound, [56], respectively. 

Enzymatic determination of serum glucose was carried out 

colorimetrically according to Yound, [56] and Tietz, [57]. 

Insulin level in pkasma was determined according to the 

method of Held [58]. Triglycerides (TGs), Total cholesterol 

(TC) and High density lipoprotein-cholesterol (HDL-c) 

determined in serum according to the methods of Fossati and 

Prenape [59], Richmod [60], and Lopes-Virella et al., [61], 

respectively. Low density lipoprotein cholesterol (LDL-c) was 

assayed according to the equation of Fniedewald et al., [62] as 

follow: LDL-c = TC – (HDL-c + TGs/5). Glutathione 

fractions (GSH and GSSG) were measured 

colorimetrically in serum samples such as described by 

Ellman, [63]. Serum malonaldialdehyde (MDA) content 

was measured by the thiobarbituric acid (TBA) method 

according to the methods of Buege and Aust, [64]. 
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Reactive oxygen species (ROS) was determined by a 

colorimetric method described by Erel, [65].  

2.4. Statistical Analysis 

Results were expressed as means ± SD with Microsoft 

Excel Software (version 15.0, 2013). The data were 

analyzed statistically using Student t-test and MINITAB 

12 computer program statistical software (Minitab Inc., 

State College, PA). A value of P ≤ 0.05 was considered as 

statistically significant. 

3. Results and Discussion 

3.1. Chemical studies 

3.1.1. Proximate chemical composition of Silybum 
Marianum seeds  

The proximate chemical composition of Silybum 

marianum seeds was showed in Table 1. From such table 

it could be noticed that SMS contained a high percentage 

of carbohydrates (67.21%) while crude fat/oil, crude 

protein, crude fiber and ash contents were 26.72, 22.17, 

7.17 and 2.83%, respectively. Data of the present study 

were partially similar to obtained by several previous 

studies. For example, four varieties of Silybum marianum 

in Iran were studied and the oil content of the seeds 

ranged from 26-31 g/100g [66]. Also, Harrabia et al., [67] 

reported the level of total lipid (g/100 g of the dry weight 

of seeds) was 30.5% in the milk thistle seed growing wild 

in Tunisi while was recorded 21% in China [68]. Recently, 

Mahran and Elhassaneen [69] found that Silybum 

marianum seeds contained a high percentage of crude 

fat/oil (28.04%), while crude protein, crude fiber, ash and 

total carbohydrates contents were 23.85, 6.50, 2.47 and 

31.58 %, respectively. From all the above studies and 

others, it could be concluded that the chemical 

composition of Silybum marianum seeds vary with one or 

combination of the following factors, genotype and 

environmental conditions (season, geographical location, 

drought stress and duration etc., [70,71]. But any way, all 

of data suggested that Silybum marianum seeds may serve 

as a natural promise innovative source of different 

nutrients. 

Table 1. Proximate chemical composition of Silybum marianum seeds 

Component (g/100g) Amount 

Moisture 8.32 ± 1.02 

Crude fat 26.72 ± 0.87 

Crude protein 22.17 ± 0.98 

Crude fiber 7.17 ± 0.77 

Ash 2.83 ± 0.32 
Carbohydrates 67.21 ± 1.12 

Data expressed as the mean value of three replicates ± SD. 

3.1.2. Bioactive components of Silybum marianum 
extract (SME) 

Silybum marianum seeds ethanolic extract (SME) 

contained a wide range of bioactive compounds such as 

shown in Table 2. From such table it could be noticed that 

silymarin was the largest compound (269.65 ± 4.27 mg. g
-

1
) followed by total phenolics (127.65 ± 6.59 mg gallic 

acid equivalent. g
-1

), flavonoids (65.1 ± 2.71 mg quercetin 

equivalent. g
-1

), tannins (39.49 ± 2.54 mg catechine 

equivalent. g
-1

), α-tocopherol (27.43 ± 1.26 mg. g
-1

), 

chlorophyll (11.54 ± 1.88 mg. g
-1

) and anthocyanin's (4.59 

± 0.82 mg Cyanidin 3-glucoside, CCy3G equivalent.g
-1

). 

In similar study, Mahran and Elhassaneen, [69] Silybum 

marianum seeds oil contained a high percentage of several 

bioactive compounds including total phenolics, flavonoids, 

silymarin, β-carotene and play a predominant role in the 

antioxidant capacity of the SME. For example, several 

studies have reported that phenolic compounds including 

flavonoids act as antioxidative, anticancer, antibacterial, 

cardio-protective, anti-inflammatory, and immune-

stimulating agents [27,72,73]. Also, silymarin found in 

MSE knows to reduce the oxidative stress and subsequent 

cytotoxicity which protecting cells/liver cells which have 

not yet been irreversibly damaged [74]. As a result of its 

antioxidant and anti-inflammatory properties, silymarin 

exhibited hepatoprotective effects i.e. protecting the liver 

from dietary steatosis, oxidative stress, and food 

contaminants induced liver injury [54,75-78]. Furthermore, 

α-tocopherol is the most biologically active member in the 

vitamin E family and is a significant compound SME and 

very essential lipid oxidation inhibitor in biological 

systems and food [79-81]. Additionally, chlorophyll and 

carotenoid pigments are important because of their 

nutritional and technological properties, especially their 

anti- and pro-oxidant properties [82]. On the other side, 

bioactive compounds reported in SME i.e. Phenolics, 

flavonoids, carotenoids and anthocyanin's play important 

biological roles in preventing and/or treating many 

diseases such as diabetes, atherosclerosis, cancer, obesity, 

bone, anemia and aging [13,54,83-85]. 

Table 2. Bioactive components of Silybum marianum extract (SME) 

Components Amount 

Total phenolics (mg gallic acid equivalent. g-1) 127.65 ± 6.59 
Flavonoids (mg quercetin equivalent. g-1) 65.1 ± 2.71 

Silymarin (mg. g-1) 269.65 ± 4.27 

α-tocopherol (mg. g-1) 27.43 ± 1.26 

β-carotene (mg. g-1) 6.83 ± 0.99 
Chlorophyll (mg. g-1) 11.54 ± 1.88 

Tannins (mg catechine equivalent. g-1) 39.49 ± 2.54 

Anthocyanin's (mg Cyanidin 3-glucoside, CCy3G 
equivalent.g-1). 

4.59 ± 0.82 

Data expressed as the mean value of three replicates ± SD. 

3.1.3. Antioxidant capacity of Silybum marianum seeds 
ethanolic extract (SME) DPPH radical 
scavenging activity 

The free radical scavenging activity (FRSA, %) of 

Silybum marianum extract (SME) and standard (BHT) are 

shown in Figure 2 and Table 3. Such data indicated that, 

SME possessed the highest activity compared to the BHT. 

At a concentration of 100 μg/mL, the radicals scavenging 

activity of SME and BHT were 86.87 and 91.24%, 

respectively. For the IC50, SME and BHT were recorded 

11.61± 0.70 and 8.21± 0.18
 
μg/mL, respectively. The free 

radical scavenging activity of SME and BHT was in the 

following order: standard (BHT) > SME. In general, the 

theory of the DPPH (2,2-diphenyl-1-picrylhydrazyl) 

radicals scavenging activity assay is based on 

measurement of the diene conjugation by absorption at 

234 nm in the presence of DDPH substrate is commonly 

used for determining the oxidative stability of the SME 

samples [86]. Such assay used successfully to evaluate the 
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antioxidant activity/oxidative stability of different plant 

parts including vegetables, fruits, algae, food processing 

by-products etc., [85,87,88]. Several previous studies 

reported that the FRSA are very important to prevent the 

adverse effects of free radicals in many diseases including 

obesity, diabetes, cancer, cardiovascular, neurological, 

pulmonary, nephropathy and aging diseases. Data of 

present study suggest that SME showed free radical 

scavenging activity which due to their high content of 

different categories of bioactive compounds (antioxidants) 

including Silymarin, phenolics, flavonoids, tannins, α-

tocopherol, carotenoids, chlorophyll and anthocyanin's etc. 

 

Figure 2. DPPH radical scavenging activity (%) of Silybum marianum 

seeds ethanolic extract (SME) and standard (Butylated hydroxytoluene, 

BHT). Each value represents the mean value of three replicates. 

Table 3. IC50 (DPPH) of Silybum marianum extract (SME) and 

standard (Butylated hydroxytoluene, BHT). 

Name of sample BHT SME 

IC50 (μg/mL) 8.21± 0.18 b 11.61± 0.70a 

* Each value represents the mean value of three replicates ±SD. Values 
with different superscript letters in the same raw are significantly did 

different at p≤0.05. 

3.1.4. Inhibition of low density lipoprotein (LDL) 
oxidation 

Dose-dependent inhibition of CuSO4-induced LDL 

oxidation in vitro by Silybum marianum seeds ethanolic 

extract (SME) is shown in Figure 3. Such data indicated 

that the inhibitive action of the SME against CuSO4-

induced LDL oxidation, as evidenced by decreased 

conjugated dienes formation in a dose-dependent style. A 

comparative study between SME and caffeic acid (CA) 
clarified that SME acted strong dramatically in protecting 

LDL against oxidation. The present data with the others 

proved that such effect could be attributed to the different 

bioactive compounds as antioxidants (silymarin, phenolics, 

flavonoids, tannins, α-tocopherol, carotenoids, chlorophyll 

and anthocyanin's etc.) contained in such SME 

[54,69,78,88,89]. In similar study, Aly et al., [90] found 

that some plant parts extracts contained the same bioactive 

compounds including onion skin, tomato pomace and 

eggplant peels protect LDL against oxidation in vitro. 

Also, the same effect was observed when applied with 

pomegranate juice, which was attributed to the high levels 

of phenolic compounds and ascorbic acid contained the 

same effect when applied with pomegranate juice or 

pomegranate peel extract which was attributed to the high 

levels of phenolic compounds and ascorbic acid contained 

in the juice [91]. Several studies mentioned that the 

protecting of LDL against oxidation by phenolic 

compounds could be explained by increasing the levels of 

reduced glutathione (GSH) and glutathione reductase 

(GSH-Rd) in liver and lungs as well as increase in 

inhibition of NADPH-dependent lipid peroxidation 

[78,85,92,93]. Also, phenolic compounds exhibited a 

complex reaction with peroxyl radicals (ROO
-
) and 

inhibition of the LDL oxidation [94,95]. With this context, 

several authors found that the „„oxidative modification of 

lipoproteins‟‟ hypothesis proposes that LDL oxidation 

plays a key role in early atherosclerosis [91,96,97]. Such 

action, oxidized LDL is atherogenic, could be attributed to 

its cytotoxic effects toward arterial cells and stimulates the 

monocytes to be adhesive to the endothelium which bring 

to the evolution of atheromatous plaques [98]. Thus, 

results of the present study with the others proved that the 

SME could be successfully used as a promising agent in 

the forbidding of atherosclerosis through inhibiting LDL 

oxidation process. 

 

Figure 3. Dose-dependent inhibition of CuSO4-induced LDL oxidation 

in vitro by Silybum marianum seeds ethanolic extract (SME) and 

standard caffeic acid (CA). Result is expressed as the area under the 

curve (AUC). 

3.2. Biological studies 

3.2.1. The effect of intervention with Silybum 
marianum extract (SME) on body weight gain 
(BWG) of obese rats  

Data in Table 4 and Figure 4 were shown the effect of 

SME on body weight gain (BWG) of obese rats. Such data 

indicated that feeding of rats on DIO (model control) leads 

to increase the body weight than the normal control group. 

Rats of the normal group recorded 68.02% of baseline for 

the body weight while model control group was 119.85% 

of baseline at the end of the experiment period (8 weeks). 

Intervention with SME (200, 400, 600 and 800 mg/kg 

bw/day) in feeding rats protocol for 8 weeks led to 

significantly (p≤0.05) decrease on the body weight of the 

obese rats (model control) which recorded 96.13, 88.36, 

77.11 and 76.30% of the baseline, respectively. The rate 

of decreasing in BWG of the obese rats was exhibited a 
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dose- dependent increase with the SME intervention. Such 

data are in accordance with several studies reviewed by 

Tajmohammadi [37].All of these studies found that the 

positive effects of SME regarding the obese/ model 

control group could be attributed to its high level content 

of different categories of bioactive compounds principally 

silymarin, a complex mixture of polyphenolic molecules, 

including seven closely related flavonolignans (silybin A, 

silybin B, isosilybin A, isosilybin B, silychristin, 

isosilychristin, silydianin) and one flavonoid (taxifolin). 

Another study of Sayin et al.,[35] found that silymarin 

induced body weight decreased significantly in rats after 

11 weeks of feeding on high fat diet-induced obesity. In 

contrast, Guo et al., [99] found that silymarin did not 

effect on lean body weight but significantly reduced fat 

accumulation. Also, Yao et al., [100] reported that silybin 

increased gene and protein expreussions of adiponectin 

that can enhance β-oxidation of free fatty acids and reduce 

de novo free fatty acid production within the hepatocytes 

which forbidding lipid accumulation. Furthermore, Ka et 

al.,[17] mentioned that silybin reduced lipogenesis in 

mature adipocytes and inhibited differentiation in 

preadipocytes through many mechanisms including 

regulating insig-1 and -2 can reduce adipogenesis 

associated genes expression such as CAAT or enhancer 

binding protein-α, fatty acid synthase, SREBP1c, 

adipocyte specific lipid binding protein, PPARγ and 

lipoprotein lipase, a preadipocyte marker gene. On the 

other side, the effect of bioactive compounds other than 

silymarin which found in SME (phenolics, carotenoids, 

flavonoids, tannins etc.) in the control of obesity is 

confirmed by several studies [10,80,101-105]. Such 

bioactive compounds have been shown to impact gene 

expression and cell (including adipocyte) function through 

one or several of the following mechanisms, interacting 

with several transcription factors of the nuclear receptor 

superfamily, interfering with the activity of other 

transcription factors, modulating signaling pathways 

which are associated with inflammatory and oxidative 

stress responses, and extra-genomic actions such 

scavenging of reactive species. After all the studies that 

have been mentioned in addition to the results of the 

current study the antiobesity effects of SME could be 

attributed to several mechanisms including 

antioxidant/scavenging and anti-inflammatory activities, 

inhibition of the LDL oxidation, reduced fat accumulation, 

decreased leptin and resistin levels, increased lipolysis and 

adiponectin, inhibited differentiation of adipocytes, and 

reduced adipogenesis. 

Table 4. The effect of intervention with Silybum marianum extract (SME) on body weight gain (g) of obese rats*  

Groups 
Feeding period (weeks) 

0 1 2 3 4 5 6 7 8 

Normal control 158.34 164.44 171.83 185.68 206.29 225.31 243.65 254.66 266.05 d 

Model control 158.34 170.54 202.81 220.67 257.04 291.54 316.84 338.19 348.11a 

SME intervention (200 

mg/kg bw/day) 
158.34 169.43 192.56 210.65 234.22 261.67 280.32 294.50 310.56 b 

SME intervention (400 

mg/kg bw/day) 
158.34 169.03 189.31 206.00 225.10 254.31 272.19 282.48 298.25 b 

SME intervention (600 

mg/kg bw/day) 
158.34 168.43 187.78 202.11 212.07 239.65 257.97 268.09 280.43 c 

SME intervention (800 

mg/kg bw/day) 
158.34 167.09 183.34 195.13 208.64 236.98 251.43 264.39 279.16 cd 

* Each value represents mean results of six animals. Means with different superscript letters on the same column indicate significant difference (P ≤ 
0.05). Normal control: healthy rats without intervention; Model control: HFD induced obesity rats without intervention; SME intervention: HFD 

induced obesity rats with SME intervention. bw, body weight. 

 

Figure 4. The effect of intervention with Silybum marianum extract (SME) on body weight gain (as a percent of change from control) of obese rats.  

Each value represents mean results of six animals. Normal control: healthy rats without intervention; Model control: HFD induced obesity rats without 

intervention; SME intervention: HFD induced obesity rats with SME intervention. bw, body weight.) 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Tajmohammadi%2C+Atefeh
https://en.wikipedia.org/wiki/Taxifolin
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3.2.2. Effect of intervention with Silybum marianum 
extract (SME) on liver function of obese rats  

The effect of SME intervention on liver functions of 

obese rats was shown in Table 5 and Figures (5 and 6). 

From such data it could be noticed that DIO caused a 

significant (p≤0.05) increased in AST, ALT and ALP with 

51.63, 51.65 and 37.25% compared to normal control 

group, respectively. Intervention with SME (200, 400, 600 

and 800 mg/kg bw/day) in feeding rats protocol for 8 

weeks led to significantly (p≤0.05) decrease the levels of 

those enzymes activities which recorded 34.13, 19.75, 

19.15 and 8.98% (for AST), 43.52, 26.23, 18.61 and 14.41% 

(for ALT), and 33.80, 26.61, 18.79 and 15.51% (for ALP) 

compared to the normal controls, respectively. The rate of 

decreasing in serum liver enzymes activities were 

exhibited a dose- dependent increase with the SME 

intervention. Such data are in accordance with several 

studies those reviewed by Abenavoli et al., [29]. In 

general, aminotransferases (AST and ALT) plus ALP are 

normally intracellular enzymes. Therefore, the presence of 

elevated levels of these enzymes in the plasma indicates 

damage to cells rich out. For example, liver and pancreas 

diseases process can cause cell lysis resulting to release of 

intracellular enzymes into the blood [106-109]. In the 

present study, SME bioactive constituents play several 

vital roles in terms of their hepatoprotective effects. With 

the same context, Krecman et al., [110] found that 

silymarin exerts hepatoprotective effect through its 

antioxidant and increasing intracellular and liver 

glutathione (GSH) level and scavenging free radicals. 

Administration of 26.25 mg/kg/day of silybin for 6 weeks 

in rats showed significantly protect against high fat-

induced fatty liver by different mechanisms including 

effective in stabilizing mitochondrial membrane fluidity 

and decreasing oxidative stress. Also, Di Sario et al., [111] 

revealed that silybin exerted hepatoprotective, anti-

inflammatory, and antifibrotic effects in rats administrated 

with dimethylnitrosamine. Furthermore, silybin can act 

against NASH (nonalcoholic steatohepatitis)-induced liver 

damage by insulin reduction, antioxidant, and 

hepatoprotective effect [112]. Recently, Badawy,[78] and 

Elhassaneen et al., [108] found that the consumption of 

Silybum marianum seed powder on carbon tetrachloride 

hepatotoxic rats lead to significantly improve in liver 

functions and histology through its antioxidant mechanism. 

In another study, high fat diet mice treatment with 

silymarin exhibited antidiabetic and liver protective 

effects through decreasing reactive oxygen species (ROS), 

protein oxidation, and lipid peroxidation as well as 

reducing the expression of hepatic NADPH oxidase and 

activation of NF-κB, enhanced the expression of hepatic 

NO, and modulating antioxidant activity of enzymes such 

as SOD, CAT, and GSH-Px in plasma and liver [113]. On 

the other side, several previous studies indicated that 

different parts rich in polyphenolic compounds rather than 

Silybum marianum could be lowered liver serum enzymes 

through many suggested effects including block the 

hepatocellular uptake of bile acids and improved the 

antioxidant capacity of the liver, diminished the bilirubin 

concentration reduce the damage of hepatocytes, and 

scavenged of the reactive oxygen species (ROS) [10, 38, 

107].

Table 5. Effect of intervention with Silybum marianum extract (SME) on liver function of obese rats 

Group AST (IU/L) ALT (IU/L) ALP (U/L) 

Normal control 41.91± 3.90 d 25.09 ± 1.99 c 96.16 ± 8.99 c 

Model control 63.54 ± 5.10a 38.05 ± 4.21 a 131.98 ± 9.29 a 

SME intervention (200 mg/kg bw/day) 56.21± 2.76 ab 36.01 ± 3.78 a 128.66 ± 8.66 a 

SME intervention (400 mg/kg bw/day) 50.18 ± 6.21 b 31.67 ± 1.87 bc 121.75 ± 9.57 ab 

SME intervention (600 mg/kg bw/day) 49.93 ± 4.31 b 29.76 ± 5.43 c 114.23 ± 15.25 b 

SME intervention (800 mg/kg bw/day) 45.67 ± 7.21 bc 28.71 ± 3.91 c 111.08 ± 12.19 b 

Each value represents mean ±SD (n=6). Means on the same column with different superscript letters explain significant difference at P≤ 0.05. Normal 

control, healthy rats without intervention; Model control, HFD (high fat diet) induced obesity rats without intervention; SME intervention, HFD induced 
obesity rats with SME intervention; bw, body weight; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase. 

 

Figure 5. Effect of intervention with Silybum marianum extract (SME) on liver function of obese rats (Each value represents mean ±SD (n=6). Means 

on the same column with different superscript letters explain significant difference at P≤ 0.05. Normal control, healthy rats without intervention; Model 

control, HFD (high fat diet) induced obesity rats without intervention; SME intervention, HFD induced obesity rats with SME intervention; bw, body 

weight; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase.) 
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Figure 6. Effect of intervention with Silybum marianum extract (SME) on liver function of obese rats (Each value represents mean reading of six 

animals. Normal control, healthy rats without intervention; Model control, HFD (high fat diet) induced obesity rats without intervention; SME 

intervention, HFD induced obesity rats with SME intervention; bw, body weight; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, 

alkaline phosphatase.) 

 
3.2.3. Effect of intervention with Silybum marianum 

extract (SME) on serum lipid profile of obese 
rats  

Data in Table 6 and Figures (7 and 8) were shown the 

effect of SME on blood lipid profile of obese rats. From 

such data it could be noticed that treatment of rats with 

DOI caused a significant (p≤0.01) increased in serum TGs, 

TC, LDL-c and VLDL-c by the ratio 232.89, 69.09, 

163.41 and 232.89% compared to normal controls. 

Intervention with SME by 200, 400, 600 and 800 mg/kg 

bw/day in feeding rats protocol for 8 weeks led to 

significantly (p≤0.05) decrease the levels of TGs, TC, 

LDL-c and VLDL-c which recorded 218.42, 209.21, 

202.63 and 122.37%; 65.62, 57.41, 41.64 and 25.55%; 

155.20, 126.57, 91.27 and 56.74%, and 218.42, 209.21, 

202.63 and 122.37% compared to the normal controls, 

respectively. The opposite direction was observed for 

HDL-c level. The rate of decreasing in TGs, TC, LDL-c 

and VLDL-c and increasing in HDL-c levels were 

exhibited a dose-dependent increase with SME 

intervention. Such data indicated that obesity associated 

with hyperlipidemic and hypercholesterolemic i.e. 

increased the serum bad lipid particles (TGs, TC, LDL-c 

and VLDL-c) and decrease the good one (HDL-c) which 

significantly improved by SME intervention. Previous 

studies recorded the same behavior with different pant 

parts other than Silybum marianum seeds [12,14,16,23] In 

general, high serum lipid and lipoprotein levels, 

particularly LDL and VLDL, elevate the risk of CVD, 

fatty liver, carcinogenesis, peripheral vascular disease, and 

atherosclerosis in human [114]. There are many new 

synthetic oral antihyperlipidemic and 

antihypercholesterolemic drugs, but they have adverse 

side effects such as myopathy, increase in hepatic 

aminotransferases, and rhabdomyolysis condition [115]. 

Data of the present study showed the effectiveness of 

SME in improving the blood lipid profile resulting from 

feeding of DIO without any side effects. Such data are in 

agree with Sobolova et al., [116] who observed that 

administration of silymarin and polyphenolic fraction of 

silymarin significantly decreased cholesterol absorption, 

the plasma level of cholesterol, liver content of VLDL-c, 

and TGs. Reducing VLDL-c level was due to several 

factors including reduction of VLDL-c formation and 

secretion from the liver, reduction of VLDL-c secretion in 

the intestine, and inhibition of intestinal cholesterol 

absorption. Also, Radjabian and Fallah Huseini, [117] 

found that silymarins decreased significantly levels of TC, 

LDL-c, and TGs, inhibited atherosclerotic plaque 

formation, and increased significantly HDL-c in rabbit 

serum. Furthermore, Gobalakrishnan et al., [118] noticed 

that oral administration of silybin significantly decreased 

TC, TGs, LDL-c, VLDL-c and increased HDL-c levels at 

both serum and liver in high cholesterol diet fed rats. After 

all the studies that have been mentioned in addition to the 

results of the current study the antihyperlipidemic and 

antihypercholesterolemic effects of SME could be 

attributed to several mechanisms including stimulating the 

production of hepatic LDL-c receptors that raised 

clearance of plasma LDL-c and VLDL-c, increasing the 

endogenous cholesterol conversion to bile acid, inhibition 

of acyl-CoA such as cholesterol acyltransferase as a key 

pathway of lipid metabolism which could be effective in 

reduction of intestinal cholesterol absorption, and the 

polymeric structure of silymarin fractions may bind to 

cholesterol and bile acids. 
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Table 6. Effect of intervention with Silybum marianum extract (SME) on serum lipid profile of obese rats  

Group 
TG  

(mmol/L) 

TC 

 (mmol/L) 
HDL-c (mmol/l) LDL-c (mmol/l) 

VLDL-c 

(mmol/l) 

Normal control 0.76 ± 0.10 d 3.17 ± 0.58 c 1.46 ± 0.02 a 1.56 ± 0.11 c 0.15 ± 0.08 c 

Model control 2.53 ± 0.24a 5.36 ± 0.54 a 0.75 ± 0.41 c  4.10 ± 0.58 a 0.51 ± 0.10 a 

SME intervention (200 mg/kg bw/day) 2.42 ± 0.18 a 5.25 ± 0.46 a 0.79 ± 0.27 bc 3.98 ± 0.69 a 0.48 ± 0.08 a 

SME intervention (400 mg/kg bw/day) 2.35 ± 0.09 ab 4.99 ± 0.13 ab 0.99 ± 0.34 b 3.53 ± 0.44 ab 0.47 ± 0.09 a 

SME intervention (600 mg/kg bw/day) 2.30 ± 0.27 b 4.49 ± 0.11 b 1.05 ± 0.39 ab 2.98 ± 0.3 b 0.46 ± 0.10 a 

SME intervention (800 mg/kg bw/day) 1.69 ± 0.25 c 3.98 ± 0.32 bc 1.20 ± 0.19 a 2.44 ± 0.19 bc 0.34 ± 0.07 b 

Each value represents mean ±SD (n=6). Means on the same column with different superscript letters explain significant difference at P≤ 0.05. Normal 
control, healthy rats without intervention; Model control, HFD (high fat diet) induced obesity rats without intervention; SME intervention, HFD induced 

obesity rats with SME intervention; bw, body weight; TG, triglycerides; TC, total cholesterol; HDL, high density lipoprotein; LDL, low density 
lipoprotein; VLDL, very low density lipoprotein. 

 

Figure 7. Effect of intervention with Silybum marianum extract (SME) on serum lipid profile of obese rats (Each value represents mean ±SD (n=6). 

Means on the same column with different superscript letters explain significant difference at P≤ 0.05. Normal control, healthy rats without intervention; 

Model control, HFD (high fat diet) induced obesity rats without intervention; SME intervention, HFD induced obesity rats with SME intervention; bw, 

body weight; TG, triglycerides; TC, total cholesterol; HDL, high density lipoprotein; LDL, low density lipoprotein; VLDL, very low density 

lipoprotein.) 

 

Figure 8. Effect of intervention with Silybum marianum extract (SME) on serum lipid profile of obese (Each value represents mean reading of 

six animals. Normal control, healthy rats without intervention; Model control, HFD (high fat diet) induced obesity rats without intervention; SME 

intervention, HFD induced obesity rats with SME intervention; bw, body weight; TG, triglycerides; TC, total cholesterol; HDL, high density lipoprotein; 

LDL, low density lipoprotein; VLDL, very low density lipoprotein.) 
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3.3.   Histopathological studies 

3.3.1. Effect of intervention with Silybum marianum 
extract (SME) on liver and adipose tissue 
histopathological examination of obese rats 
3.3.1.1. Liver  

Effect of intervention with Silybum marianum extract 

(SME) on liver histopathological examination of obese 

rats was shown in Figure 9. Microscopically, liver of rats 

from group 1 revealed the normal histological architecture 

of hepatic lobule (Photo 1). In contrariwise, liver of rats 

from group 2 showed hepatocellular vacuolar  

degeneration, focal hepatic hemorrhage (photo 2), and 

focal hepatocellular necrosis associated with mononuclear 

inflammatory cells infiltration (Photo 3). Meanwhile, liver  

of rats from group 3 exhibited hepatocellular vacuolar 

degeneration and hepatic hemorrhage (Photo 4). On the 

other hand, liver of rats from group 4 revealed slight 

congestion of hepatic sinusoids (Photo 5) and slight 

vacuolization of some hepatocytes (Photo 6). Furthermore, 

liver of rats from group 5 exhibited vacuolization of some 

hepatocytes (Photo 7). Otherwise, examined sections from 

group 6 showed slight congestion of hepatic sinusoids 

(Photo 8). 

 

   
Photo 1. Photomicrograph of liver of rat 

from group 1 showing the normal 

histological architecture of hepatic lobule  

Photo 2. Photomicrograph of liver of rat 

from group 2 showing hepatocellular 

vacuolar degeneration (black arrow) and 

focal hepatic hemorrhage (red arrow)  

Photo 3. Photomicrograph of liver of rat 

from group 2 showing congestion of 

central vein (black arrow) and focal 

hepatocellular necrosis associated with 

mononuclear inflammatory cells 

infiltration (red arrow)  

   
Photo 4. Photomicrograph of liver of rat 

from group 3 showing hepatocellular 

vacuolar degeneration (black arrow) and 

hepatic hemorrhage (red arrow)  

Photo 5. Photomicrograph of liver of rat 

from group 4 showing slight congestion of 

hepatic sinusoids (arrow)  

Photo 6. Photomicrograph of liver of rat 

from group 4 showing slight congestion of 

hepatic sinusoids (black arrow) and slight 

vacuolization of some hepatocytes (red 

arrow)  

  
Photo 8. Photomicrograph of liver of rat from group 6 showing 

slight congestion of hepatic sinusoids (arrow 
Photo 7. Photomicrograph of liver of rat from group 5 showing 

slight vacuolization of some hepatocytes (arrow)  

Figure 9. Effect of intervention with Silybum marianum extract (SME) on liver histopathological examination of obese rats. (H & E, scale bar 50 µm, X 

200). 

In similar study, Shaker et al., [119] showed that the 

histopathological examination for rat livers observes no 

alteration for rat control, while focal necrosis and diffuse 

kupffer cells proliferation in between the hepatocytes for 

CCl4 treated group. Some improvements have been 

reported in the protective groups as dilatation in the 

hepatic sinusoids associated with inflammatory cells 

infiltration and diffuse kupffer cells proliferation in 

between the degenerated hepatocytesas the result of SME 

treatment. Also, Shimaa et al., [120] found that 

hidtological examination of the rats liver pretreated with 

the SME at dose 200 mg/kg b.wt. for 2 month decrease the 
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severity of histopathological changes induced by carbon 

tetrachloride group. Liver sections examination showed 

normal hepatocytes and sinusoids except in few sections 

showed focal area of hepatocellular necrosis replaced with 

mononuclear cells with vascular degeneration of the 

surrounding hepatocytes. The raising of the SME dose, 

400 mg/kg b.wt., exhibited normal hepatocytes, hepatic 

cord, and sinusoids as well as kupffer cell activation. 

Furthermore, the applied milk thistle supplements have 

been proven effective in the prevention of 

histopathological changes caused by diets contaminated 

with mycotoxins, which include vacuolar hepatocyte 

degeneration (solitary cell death and infiltration of 

lympho- and histiocytes in the liver) [121].  

3.3.1.2. Adipose tissue  

Effect of intervention with Silybum marianum extract 
(SME) on adipose tissue histopathological examination of 
obese rats was shown in Figure 10. Microscopically, 
adipose of rat from group 1 revealed normal unilocular 
adipocytes, polygonal in shape and having signet ring 

appearance (Photo 1). In contrast, adipose tissue of rats 
from group 2 showed histopathological alterations 
characterized large size unilocular adipocytes (Photo 2) 
and inflammatory cells infiltration (Photo 3). Meanwhile, 
some sections from group 3 showed focal hemorrhage 
(Photo 4). Otherwise, some sections from group 4 
revealed few large size unilocular adipocytes and some 
small size adipocytes (Photo 5). Likewise, adipose tissue 
of rats from group 5 showed few large size unilocular 
adipocytes (Photo 6). Furthermore, most examined 
sections from group 6 exhibited apparent histologically 
normal unilocular adipocytes (Photo 7). Such observation 
are in accordance partially with thatreported by Alsaggar 
et al., [122] who showed fat accumulation in major fat 
white adipose tissues, WAT, (tissues (epidydimal WAT 
and inguinal WAT), and the expansion of adipocytes were 
both suppressed by silibinin, main bioactive compound in 
SME, treatment. Suppressed fat accumulation and adipose 
tissue hypertrophy was investigated of white and brown 
adipose tissues (WAT and BAT).  

 
 

   
Photo 1. Photomicrograph of adipose 

tissue of rat from group 1 showing normal 

unilocular adipocytes, polygonal in shape 

and having signet ring appearance. 

Photo 2. Photomicrograph of adipose 

tissue of rat from group 2 showing large 

size unilocular adipocytes (black arrow). 

 

Photo 3. Photomicrograph of adipose 

tissue of rat from group 2 showing 

inflammatory cells infiltration (black 

arrow). 

 

   
Photo 4. Photomicrograph of adipose 

tissue of rat from group 3 showing focal 

hemorrhage (black arrow).  

 

Photo 5. Photomicrograph of adipose 

tissue of rat from group 4 showing few 

large size unilocular adipocytes (black 

arrow) and some small size adipocytes 

(red arrow).  

Photo 6. Photomicrograph of adipose 

tissue of rat from group 5 showing few 

large size unilocular adipocytes (black 

arrow). 

 
Photo 7. Photomicrograph of adipose tissue of rat from group 5 

showing apparent histologically normal unilocular adipocytes 
 

Figure 10. Effect of intervention with Silybum marianum extract (SME) on adipose tissue histopatho-logical examination of obese rats. (H & E, 

scale bar 100 µm, X 100) 
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4. Conclusion 

Data of the present study supported our hypothesis that 

Silybum marianum ethanolic extract (SME) contains 

several categories of phytochemicals including silymarin, 

phenolics, flavonoids, tannins, α-tocopherol, chlorophyll, 

β-carotene, anthocyanin's with other compounds that are 

responsible for different biological activities. The 

biological activities studied here including scavenging 

activity of free radicals and inhibition of low density 

lipoprotein oxidation. Such important biological effects 

could play important roles in strategies to combat/treat of 

obesity and its complications. Anti-obesity effects of SME 

was probably attributed to several mechanisms such as it 

has beneficial effects for obesity-related reducing fat 

accumulation and body weight gains, protecting against 

liver damages, improving blood lipids components, 

positively manipulate of obesity-related histopathological 

changes and so on. Thus, data of the present study 

recommended like of that Silybum marianum extracts to 

be included in our daily diets, drinks, food 

supplementation and pharmacological formulae for the 

obese patients.  
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