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Summary. The leaf and flower extracts of Slybum marianum [Milk thistle (MT)] have been used for liver, 
gall bladder and spleen disorders for centuries. 28 male Wistar albino (n=28, 8 weeks old) rats used in the 
study. The rats divided into 4 groups according to their live weights. The groups were: (i) Negative Control 
(NC): Normal water consuming group to which no CCl4 and MT is administered; (ii) Positive Control (PC): 
Normal water consuming group to which no CCl4 is administered but MT is administered; (iii) CCl4 Group: 
Normal water consuming and group to which CCl4 is administered (2 ml/kg live weight, ip); CCl4 + MT 
group: CCl4 and MT administered group (2 ml/kg live weight, ip). Tissue apoptotic index was examined via 
TUNEL method. MDA determination in plasma tissue was carried out using a spectrophotometer. As a Re-
sults, MDA amount decreased in the CCl4 + MT group (3,65 ± 0,15 nmol/ml) in comparison to CCl4 group 
(4,25 ± 0,21 nmol/ml) whereas it was observed in the CCl4+MT group (12,62 ± 0,91 %) that the apoptotic 
index (TUNEL results) decreases in comparison with the CCl4 group (22,62 ± 0,91 %) thus approaching 
normal values. These results show that MT plant has a protective effect on liver.
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O r i g i n a l  a r t i c l e

Introduction

CCl4 is frequently preferred and used in experi-
mental studies due to its similarities with the develop-
ment stage of cirrhosis in humans (1, 2) despite the 
fact that it can cause liver damage together with many 
factors. CCl4 is a transparent, dense and non-flamma-
ble liquid that can evaporate easily. It has a high stabil-
ity. It can be found in nature and can also be generated 
as a result of many chemical reactions (3). It is known 
that medical plants are used widely for the treatment 
of diseases since ancient ages until today. The leaf 
and flower extracts of Slybum marianum [Milk thistle 
(MT)] have been used for liver, gall bladder and spleen 

disorders for centuries. In the 1960s, active biological 
principles of seed and fruit extracts were examined and 
light was thrown on their chemical structures (4-6). 
Recent studies have focused on the possible effects of 
MT in preventing cancer. MT extract consist chemi-
cally of isomer flavonolignans known as silymarin, si-
lybin, isosilybin, silychristin and dehydrosilybin (7-9). 
The liver is a multifunctional organ that can carry out 
endocrine as well as exocrine functions (10). Liver has 
important storage functions. The food components ab-
sorbed from the digestive tract are carried to the liver 
where they are stored. Glucose is stored as glycogen. 
When blood glucose exceeds a certain level, insulin is 
secreted from the endocrine section of the pancreas 



Milk thistle may be a potential drug for development of carbontetrachloride-induced liver damage in rats 147

that enables the transport of glucose to the interior 
of the hepatocytes thereby transforming glucose into 
glycogen at the hepatocytes. Some vitamins are stored 
in the liver for future use. When the storage function 
is considered, vitamins soluble in fat (A, D, E, K), B12 
and B19 vitamins can be given as examples. (10, 11). In 
case of DNA damage, the cell where the damage takes 
place is forced to apoptosis and is removed. Thus, the 
potential of the cells that have harmful DNA muta-
tions to become cancerous is eliminated. The ineffec-
tive T lymphocytes which are important for the im-
mune system as well as those that have the potential 
to cause reactions that are harmful to the tissues of 
the organism itself are removed via apoptosis prior to 
entering circulation (12). In this study carbontetra-
chloride was administered to rats and it was examined 
whether MT has protective effects against the damage 
that occurs in the liver or not. 

Material and Method

Animal material and research groups

The animal experimentation work of our study was 
carried out at the F.U. Experimental Animals Research 
Institute (FUDAM) with the consent numbered 132 
of the Firat University Animal Experiments Ethics 
Council during the 27.11.2013 dated meeting with a 
meeting number of 2013-11. 28 male Wistar albino 
(n=28, 8 weeks) rats were used in the study. Light and 
dark periods of 12 hours were applied to rats. The rats 
were distributed into 4 groups according to their live 
weights. The groups were: (i) Negative Control (NC): 
Normal water consuming group to which no CCl4 and 
MT is administered; (ii) Positive Control (PC): Nor-
mal water consuming group to which no CCl4 is ad-
ministered but MT is administered; (iii) CCl4 Group: 
Normal water consuming and group to which CCl4 
is administered (2 ml/kg live weight, ip); CCl4 + MT 
group: CCl4 and MT administered group (2 ml/kg 
live weight, ip). The extract of boiled MT seeds was 
mixed into the drinking water of animals to be used as 
MT source (10% w/v). The initial live weights of the 
animals were arranged to be equal. Live weights were 
recorded 3 times weekly throughout the study. 

CCl4  application

CCl4 application was carried out twice per week 
for four weeks intraperitoneally at 2 ml/kg live weight 
injected together with olive oil at 1: 3 ratio (13).

Chemical substances and Milk thistle

All chemicals used in the experimental work were 
acquired from Sigma-Aldrich (Germany), Bio-Rad 
(USA), BioShop (Canada) and Merck (USA).  Dust 
form MT seeds to be boiled and mixed in the daily 
drinking waters of rats were acquired from Oz Gida 
Organik and Yoresel Urunler Ltd. Sti. (Elazığ). 

Preparation of Milk thistle extract

The extract prepared by mixing the ground MT 
seeds in water and boiling them was added to the 
drinking water of rats at a ratio of 10%. The water con-
sumption of rats was monitored and recorded regularly. 

Tissue homogenization

Liver tissue samples were divided into small parts 
and broken down inside lizis buffer (0,5 M Tris; pH: 
8, EDTA, ß-Mercaptoethanol, Phenyl methyl sulpho-
nyl fluoride [PMSF]) in mechanical homogenizator. 
These broken down tissue samples were centrifuged at 
15000 rpm for 45 minutes. Supernatant was taken and 
was stored at -800C until usage time (13).

Analysis of DNA damage

The DNA samples acquired from tissues were dis-
solved in Tris-EDTA solution and analyzed in 1 % gel 
via DNA agarose gel electrophoresis (12, 14). Images 
of the DNA bands were taken afterwards and similari-
ties as well as differences were determined. 

Determination of apoptosis levels via TUNEL method

Apoptosis in paraffin blocks, frozen cross sec-
tions, cells grown on cultured “plates” in the form of 
solutions or in lamellae can be determined using this 
method (15, 16). In our study, the damage that occurs 
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in the DNA of liver tissue was determined via the TU-
NEL method. 

Plasma MDA measurements

MDA determination of the plasma samples was 
carried out in accordance with the method developed 
by Ohkawa et al. (1979) (17).

Statistical analyses

All data were evaluated via SPSS 20 package soft-
ware using variance analysis. One-Way ANOVA post 
hoc Tukey test was applied to determine the differences 
within the groups. The measurements were repeated at 
least 3 times to ensure the reliability of the statistical 
analyses after which they were recorded in the SPSS 20 
package software and evaluation process was started. 

Results

MDA measurement results

The values in Table 1 and Figure 1A show that 
MDA level decreases in the plasma tissue in groups to 

which MT is administered and that the highest MDA 
levels are observed in CCl4 groups (p<0.05).

DNA damage result

When the DNA agarose gel image in Figure 2 
is examined, it is observed that there are more frag-
mentations (ladder pattern) in the carbon tetrachloride 
group than in the control groups. Whereas the DNA 
fragmentations in the CCl4 + MT group is compara-
tively less than those of the CCl4 group. According 
to these results, the following interpretations can be 
made: the DNA damage ratio of the liver damage in 
the MT administered group with liver damage is less 
in comparison with that in the group with liver dam-
age to which no MT is administered and accordingly, 

Figure 1. A) Comparison of the MDA levels in plasma be-
tween groups. B) Apoptotic index in liver tissue. a-d:  Differ-
ences between groups in the same column with different let-
ters are statistically significant (p<0.05). One-Way ANOVA 
Post Hoc Tukey Test

Table 1.  MDA level between groups in the liver tissue.

Groups Negative control Positive control CCl4 CCl4 + milk thistle

Plasma MDA (nmol/ml) 2.72 ± 0.18c 1.59 ± 0.25d 4.25 ± 0.21a 3.65 ± 0.15b

a-d:  Differences between groups in the same column with different letters are statistically significant (p<0.05); One-Way ANOVA Post Hoc Tukey Test

Figure 2. Cellular DNA damage in the control group and experi-
mental group rats. Lines (right to left): (1) Marker; (2) NC; (3) PC; 
(4) CCl4; (5) CCl4 + MT
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it can be stated that MT can decrease the DNA dam-
age with regard to liver damage due to its antioxidant 
effect (7, 18).

Histological results determined via TUNEL method 

After completing the study, apoptosis levels were 
determined via TUNEL method. Damages in the liver 
tissue have been determined using the acquired im-
ages. A statistically significant increase was observed 
in the CCl4 (Fig. 3D) group (p<0.05) as a result of 
the comparison of TUNEL positivity in the liver tissue 
with the NC (Figure 3A) group following the exami-
nation of the TUNEL dyeing under the light micro-
scope. When compared with the CCl4, no statistically 
significant difference was determined only in the PC 
group (Fig. 3C) to which only MT was administered. 
Whereas it was observed in the CCl4+MT (Fig. 3B) 
group that the apoptotic index decreases in compari-
son with the CCl4 group (Fig. 3D) and approaches 
normal values. 

Discussion

We hope that the results obtained in this study 
will contribute greatly to scientific studies when the 
current relevant literature is examined. Shaker et al. 
(2010) put forth that MDA which is the final product 
of lipid peroxidation plays a remarkable free radical 
role in liver damage. It has been observed in the study 
carried out by Shaker et al. (2010) that the MDA lev-
el in the plasma of rats who have a normal diet and 
are not treated in any manner is significantly lower in 
comparison with the group that is treated with CCl4. 
(p<0.05) (19). Senturk et al. (2010) observed in their 
study carried out to examine the role of MT in the 
oxidative damage that occurs in the rat kidneys that 
MDA level in the ischemia reperfusion group is high 
and that it decreases in the 50 mg/kg MT group, 
whereas they also observed that the MDA level is high 
in the 100 mg/kg MT group after which they put forth 
that MT extract decreases MDA level at a certain ratio 
but that it might have adverse effects at high doses (7). 
When the plasma MDA levels are compared (Table 1, 
Fig. 1A) no statistically significant difference was ob-
served among the groups (p<0.05).  The highest MDA 
level was observed in the CCl4 group. Whereas the 
MDA level of the CCl4+MT group was determined 
to be lower in comparison with that of the CCl4 group 
and a statistically significant difference was observed. 
It is striking to observe that MDA level is low only 
in the PC group which was treated with MT. Zhao 
et al. (2012) carried out a study examining the nega-
tive effects of acetoaminophenin on liver and when the 
TUNEL method results are examined, apoptotic index 
ratio of groups damaged with this substance was ob-
served to be statistically significantly higher in compar-
ison with other groups (p<0.05) (20). Tas et al. (2012) 
put forth that toluene mostly causes apoptotic neuro-
degeneration in the brain tissue but that it also affects 
tissues such as liver, lungs, testicles and put forth as a 
result of TUNEL method examinations that toluene 
causes caspase-3 activity increase (21). Yu et al. (2014) 
carried out a study examining the effects of Dioscorea 
nipponica (Dioscorea) on CCl4 caused liver damage 
and when the TUNEL method results are examined, 
it was observed that the apoptotic index values in the 
CCl4 administered group are statistically significantly 

Figure 3. A) TUNEL positive cells (→) in the Negative Con-
trol group liver tissue. Scale bar: 50 µm.
B) TUNEL positive cells (→) in the CCl4 + Milk thistle 
group liver tissue. Scale bar: 50 µm.
C) TUNEL positive cells (→) in the Positive Control group 
liver tissue. Scale bar: 50 µm.
D) TUNEL positive cells (→) in the CCl4 group liver tissue. 
Scale bar: 50 µm.
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higher in comparison with other groups (p<0.05) (22).  
And also Aslan and Can (2015a, 2015b) and Aslan 
(2015) indicated that different fruit juice extract has 
positive effect on microorganism growth (23-25). Ac-
cording to our results, when the DNA agarose gel 
electrophoresis images are examined (Fig. 2) for liver 
damage caused in rats after CCl4 was administered it 
was observed that there was a significant difference in 
terms of DNA fragmentation between the damaged 
group administered with MT and the damaged group 
to which no MT was administered. DNA fragmenta-
tion is less in the MT administered damaged group in 
comparison with the damaged group to which no MT 
was administered. According to Aslan and Can (2014) 
MT has protective effect on CCl4 induced liver dam-
age in rats (13). When the TUNEL method results 
in our study are examined, no statistically significant 
difference was determined between the NC and PC 
(Fig. 1B, Table 2) groups; however an increase was 
observed in the CCl4 group (Fig. 3D) that caused a 
statistically significant difference when compared with 
the NC group (p<0.05). Whereas it was observed that 
the apoptotic index of the CCl4+MT group approach-
es normal values in comparison with the CCl4 group 
(Fig. 3B, Fig. 3D). These differences led us to think 
that MT extract can relatively prevent DNA damage 
in damaged cells and that it protects the liver against 
possible damage in rats. 
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