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ABSTRACT 

 

The objective of this study is to examine whether silymarin alone or in combination with chlorogenic acid and/ or 

melatonin plays a modulatory role against apoptotic damage in rats liver induced by of CCl4. The present work 

revealed that CCl4 induced elevation of in Bax, Smad, TGF-β and NFkBhepatic mRNA expression, administration of 

silymarin alone down regulates these expressions. Treatment with chlorogenic acid and/ or melatonin along with 

silymarin produced best results in this concern. Bcl-2 expression was down regulated by CCl4 whereas concurrent 

treatment of chlorogenic acid and/ or melatonin along with silymarin increased this expression. On conclusion, the 

use of chlorogenic acid and/ or melatonin potentiates the anti-apoptotic action of silymarin.  
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INTRODUCTION 
 

Liver is the major organ that plays a vital role in 

human physiology like metabolism of 

macromolecules and synthesis of useful 

components (Moreria et al. 2014). Drugs and 

chemicals cause liver damage which cause 

extremely severe abnormalities (Andritoiu et al. 

2014).The prevalence of chronic liver disease is 

increasing worldwide with an extensive range of 

etiologies(Tsochatzis et al. 2014). Cirrhosis is the 

end stage of both liver fibrosis and liver disease, 

continues one of the leading causes of death 

because of the increased risk for developing 

varietal bleeding, hepatic failure, and 

hepatocellular carcinoma (HCC) (D’Amico et al. 

2006; Rincón et al. 2013).  

 Generation of free radicals and oxidative stress 

plays a major role in liver toxicity induced by 

chemicals (Muhtaseb et al. 2008, Appiah et al. 

2009). Carbon tetrachloride is one of the 

xenobiotic hazardous hepatotoxin (Xiao et al. 

2012), which causes liver damage through lipid 

peroxidation and oxidative stress (Moreria et al. 

2014). Its mechanism of toxicity requires a CYP 

450-mediated bioactivation step that produces free 

radicals, such as trichloromethyl (CCl3.) 

(Boelsterli et al. 2007), and induces the 

peroxidation of lipids. These lipids then damage 

the membranes of organelles and liver cells, 

causing the swelling and necrosis of hepatocytes 

and resulting in the release of cytosolic enzymes 

such as into the circulating blood (Singh et al. 

1998; Shankar et al. 2008). Huda et al. 

(2014)reported that the administration of CCl4 

markedly increased the activity of liver serum 

biomarker enzymes such as aspartate 

aminotransferase (AST), Serum ALT, alkaline 

phosphatase(ALP) and gamma glutamyl 

transpeptidase (γ-GT), triglycerides, total 

cholesterol, low-density lipoprotein(LDL 

)cholesterol while decreased the high density 

lipoprotein(HDL) cholesterol. It decreased the 

activity of Catalase (CAT), Superoxide dismutase 

(SOD), Glutathione-S-transferase (GST), 

Glutathione peroxidase (GSH-Px), Glutathione 

reductase (GSR), Reduced glutathione (GSH) 

while increased estimation of lipid 

peroxidation.Exposure of CCl4 elicited the hepatic 

DNA damages. It was documented that natural 

drugs with antioxidant potential can protect the 

liver from damage caused by CCl4 (Sanmugapriya 

and Venkataraman 2006; Appiah et al. 2009; 

Andritoiu et al.2014). CCl4 was shown to increase 

the level of ALT, while it decreased the B-cell 

lymphoma 2 (Bcl2) level in rats (Xiao et al. 2013; 

Mohamed et al. 2015). In addition, Xiao et al. 

(2013) also reported that the expression of the pro-

apoptotic protein, apoptosis regulator (Bax), was 

increased in mitochondrial fraction of CCl4-

induced hepatic injury in rats, and the Bax/Bcl-2 

ratio was elevated. 

Maintaining the balance between free radicals and 

antioxidants is therefore important as well as 

inhibiting inflammatory mediators may serve as 

major mechanisms in preventing damage impact 

induced by toxic agents. The implication of 

oxidative stress and inflammation in the etiology 

and progression of several acute and chronic 

clinical disorders has led to the suggestion that 

agents with antioxidant and anti-inflammatory 

properties may have health benefits. Several 

antioxidant agents, including silymarin, 

antioxidant vitamins (C and E), and melatonin 

have been reported to reduce CCl4-induced 

toxicity (Turkdogan et al. 2001; Shaker et al. 

2011). 

Silymarin, commercially available as Milk Thistle, 

is an extract from the seeds of Silybium marianum. 

The protective effect of silymarin was attributed to 

its antioxidant and free radical scavenging 

properties (Ramadan et al. 2002). Several studies 

revealed that the administration silymarin with 

CCl4 ameliorated the levels of Bax, Bcl2 and ALT 

which were disturbed after treatment rats with 

CCl4 (Yun-Chen et al. 2011; Abdullah et al. 2014). 

It can prevent lipid peroxidation, inhibit LDL 

oxidation and scavenge reactive oxygen species 

(ROS) (Post-White et al. 2007). Moreover, it has 

anti-inflammatory effects which may relate its 

ability to inhibit the transcription factor NFkB, 

which contributes to the production of 

proinflammatory mediators such as interleukin 

(IL)-1 and IL -6, TNF-α, lymphotoxin, granulocyte 

macrophage, colony-stimulating factor (GM-CSF) 

and interferon (IFNγ)-c (Deep and Agarwal 2007). 

Chlorogenic acid (CGA) is the major active 

ingredient found in many traditional Chinese 

medicines such as Folium mori (Hunyadi et al. 

2012) and Flos Lonicerae japonicae(Oku et al. 

2011), and it is also abundant in some fruits, 

dietary vegetables (Gavrilova et al. 2011), and 

daily beverages like coffee (del Rio et al. 2010). 

CGA has been reported to possess anti-bacterial, 

antioxidant, and anti-carcinogenic properties 

(Kono et al. 1997; dos Santos et al. 2006). CGA 

has also been reported to be a potent polyphenolic 

antioxidant because it contains a certain amount of 
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the R-OH group, which can bind with hydroxyl 

radicals and superoxide anion radicals to protect 

cells from oxidative injury (Özyürek et al. 2008). 

Ji et al. (2013) found that CGA can prevent 

acetaminophen induced liver injury through 

regulating liver glutathione (GSH) and thioredoxin 

(Trx) antioxidant systems.  

Melatonin (N-acetyl-5-methoxytryptamine) (Mel) 

is a hormone secreted by pineal gland and is 

mainly responsible for controlling circadian cycle 

(Sehajpal et al. 2014). This small amphiphilic 

molecule and its metabolites are likewise potent 

scavengers of ROS (Wang et al. 2011). Apart from 

this, Mel was shown to possess an anti-

inflammatory and antiapoptotic actions (Mauriz et 

al. 2013). Mel improved the recovery of renal 

function by decreasing endoplasmic reticulum(ER) 

stress and stimulating Akt pathway after renal 

ischemia/reperfusion I/R injury (Kaouther et al. 

2015). In a rat model of thioacetamide (TAA)-

induced fulminant hepatic failure, it was suggested 

that melatonin may be utilized to reduce liver 

injury associated with oxidative stress by 

inhibiting NFkBactivation (Bruck et al. 2004). It 

was reported that liver apoptotic cell death is 

induced by ROS species, via the intrinsic signaling 

pathway, and that the anti-apoptotic action 

provided by melatonin is related to its antioxidant 

effect, with reduction of cytochrome c release by 

the modulation of Bcl-2 and Bax genes (Virginia et 

al. 2007).  

The current study was designed to find out the 

hepatoprotective role of silymarin through its anti-

apoptotic effect. Moreover to detect if chlorogenic 

acid and/or melatonin co-activate the anti-

apoptotic effect of silymarin against CCl4 induced 

oxidative liver injury in rats. 

 

MATERIAL AND METHODS 
 

Chemicals 
All reagents used were of high analytical grade, 

product of Sigma and Merck companies. 

Silymarin, chlorogenic acid and melatonin were 

obtained from Sigma Chemical Co. (Sigma, St. 

Louis, MO, USA).  

 

Animals and treatments 
Sixty healthy male albino rats (120–150 g) of 

Sprague-Dawley strain were obtained from the 

Experimental Animal Center, Faculty of Pharmacy, 

King Saud University, Saudi Arabia, Riyadh. The 

animal experimental protocol was approved by the 

Animal Care and Ethical Committee of Faculty of 

Pharmacy, King Saud University. Animals were 

housed in clean acrylic cages and maintained 

under standard conditions (12-h light/12-h dark 

cycle) with a controlled temperature of 20 to 22°C 

and humidity of 60%. Rats were fed a standard rat 

pellet diet with free access to tap water ad libitum 

for oneweek for acclimatization. After one week of 

acclimation, the rats were fasted overnight before 

treatment and were divided randomly into six 

groups, each of ten rats as follows: 

Group 1: Normal healthy control rats, Group 2: 

CCl4-intoxicated rats, Group 3:CCl4-intoxicated 

rats treated with silymarin alone, Group 4:CCl4-

intoxicated rats treated with silymarin and 

chlorogenic acid, Group 5:CCl4-intoxicated rats 

treated with silymarin and melatonin and Group 

6:CCl4 intoxicated rats treated with a combination 

of silymarin, chlorogenic acid and melatonin. 

 A single dose of CCl4 was injected 

intraperitoneally to the rats as a mixture of corn oil 

and CCl4 (1:1, 1 mL/kg body weight, 0.5 mL 

CCl4+ 0.5 mL corn oil) (Yachi et al. 2010). 

Silymarin (200mg/Kg/day) (Li et al. 2012) 

cholorogenic acid (60 mg/Kg/day) ( Shi et Al. 

2009) and melatonin (20 mg/Kg/day) (Laliena et 

al. 2012) were suspended in gum acacia (2% w/v) 

and given orally once daily for 21 successive days, 

24h post CCl4 injection. After the experimental 

period, blood samples were collected from each 

animal in all groups into sterilized tubes for serum 

separation. Serum was separated by centrifugation 

at 1006 g for 10 min and used for biochemical 

serum analysis. After blood collection, the rats of 

each group were sacrificed under ether anesthesia, 

and their livers were collected, weighed and 

washed using chilled saline solution. The livers 

were minced and homogenized in ice-cold bi-

distilled water to yield 10% homogenates. The 

homogenates were centrifuged for 15 min at 1789 

g at 4°C, and the supernatants were used for 

biochemical tissue analysis. 

 

Determination of serum alanine 

aminotransferase (alt) 

Diagnostic kits were purchased from Randox 

Company Chemical CO, ALT was determined 

according to the method of Reitman and Frankel 

(1957), following the instructions of the 

manufacturer Quantitative Real-Time Polymerase 

Chain Reaction (Qrt-Pcr) for Analysis of Hepatic 

Nf-Kb, Bax, Bcl2, Tgf-Β, Smad-2 Mrna 

Expression Principle Detection of Gene 

Expression Using Real Time PCR (RT–PCR) 

 

 

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Hadj%20Ayed%20Tka%20K%5Bauth%5D
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Total RNA Extraction 

Total RNA was isolated from hepatic tissue 

homogenates using RNeasy Purification Reagent 

(Qiagen, Valencia, CA) according to 

manufacturer's instruction. The purity (A260/A280 

ratio) and the concentration of RNA were obtained 

using spectrophotometry (GeneQuant 1300, 

Uppsala, Sweden). RNA quality was confirmed by 

gel electrophoresis on a 1% agarose gel stained 

with ethidium bromide. 

 

cDNA Synthesis and qRT-PCR 

First-strand cDNA was synthesized from 4 μg of 

total RNA using an Oligo(dT)12-18 primer and 

Superscript™ II RNase Reverse Transcriptase. 

This mixture was incubated at 42°C for 1 h; the kit 

was supplied by Superscript Choice System (Life 

Technologies, Breda, the Netherlands). 

Equal amounts of RNA (2μg) were reverse 

transcribed into cDNA using Superscript Choice 

systems (Life Technolgies, Breda, Netherlands) 

according to the manufacturer’s instructions. To 

assess the mRNA expression of Bax, Bcl2, NFkB, 

Smad-2 and TGF-β quantitative real-time PCR 

was performed using SYBR green PCR Master 

mix (Applied Biosystems, CA, USA) as described 

by the manufacturer. Briefly, in a 25 μL reaction 

volume, 5 μL of cDNA was added to 12.5 μL of 2× 

SYBR green Master mix,200 ng of each primer 

and 5µL RNase free water(Into a single 50 µL 

reaction, add 10 µL of 20 µg primer/mL template 

stock to give 200 ng of primer in that tube). The 

sequences of primers are described in Table 1. The 

PCR reactions included 10 min at 95
o
C 

(activation), followed by 40 cycles at 94
o
C for 15 

sec (denaturing) and 60
o
C for 1 min 

(annealing/extension). The expression level was 

calculated from the PCR cycle number (CT) where 

the increased fluorescence curve passes across a 

threshold value. The relative expression of target 

genes was obtained using comparative CT (ΔΔCT) 

method. The ΔCT was calculated by subtracting β- 

actin CT from that of target gene whereas ΔΔCT 

was obtained by subtracting the ΔCT of calibrator 

sample (control group) from that of test sample (2, 

3, 4, 5, 6 groups). The relative expression was 

calculated from 2
-ΔΔCT

 formula (Livak and 

Schmittgen 2001). 

 

 

Table 1- Primersequencesas prescribed in other literaturesused for RT-PCR  

 

Gene name Primer sequence Primer size (bp) 

Refer-actin 
Forward  5′   GAGACCTTCAACACCCCAGC 3′ 

Reverse 5′  ATGTCACGCACGATTTCCC 3′ 
263 

NFkB 
Forward 5′ CATGAAGAGAAGACACTGACCATGGAAA3′ 

Reverse 5′ TGGATAGAGGCTAAGTGT AGACACG 3′ 
329 

Bax 
Forward 5′ GTTGCCCTCTTCTACTTTG 3′ 

Reverse 5′ AGCCACCCTGGTCTTG 3′ 
194 

Bcl-2 
Forward 5′CGGGAGAACAGGGTATGA 3′ 

Reverse 5′ CAGGCTGGAAGGAGAAGAT 3′ 
224 

TGF-β1 
Forward  5′  TGCTAATGGTGGACCGCAA 3′ 

Reverse 5′ CACTGCTTCCCGAATGTCTGA 3′ 
329 

Smad-2 
Forward  5′  TCTCCGGCTGAACTGTCTCCTA 3′ 

Reverse 5′ GCGATTGAACACCAGAATGCA 3′ 
267 

F: Forward primer sequence   R: Reverse primer sequence  

 

Determination of Protein Level: 

The protein content of the different fractions 

resulted from centrifugation of liver homogenate 

was determined according to the method of Wray 

et al. (1981). 

 

Statistical analysis  

Data were expressed as means ± SEM. The results 

were analyzed statistically by One-way analysis of 

variance (ANOVA) using SPSS (Statistical 

Package for the Social Sciences, version 

16.0.1, Chicago, IL) software. Individual treatment 

means were compared post hoc by the Scheffé test. 

The level of significance was set at p<0.05, p < 

0.01 and p < 0.001. Statistical analysis was 

performed using Graph pad Instat 3 software Inc, 

San Diego, CA, USA. 

Limit of significance for figures 1to 6: P < 0.001  

 

 

 

 



Role of Natural Antioxidants in CCL4-intoxicated Rat 

 

5 
Braz. Arch. Biol. Technol., v.59: e16150553, Jan/Dec 2016 

 

5 

RESULTS 

 
Table 2 represents the serum ALT activities, 

NFkB, Bax, Bcl2, TGF-β, Smad-2 and mRNA 

expression in control, CCl4 intoxicated and 

different treated groups. 

 

 

Table 2- Serum ALT activity and hepatic NFkB, Bax, Bcl2, TGF-β, Smad-2 mRNAexpression in control, CCl4 

intoxicated and different treated groups. 

 

Serum Hepatic mRNA expression  

ALT 

(U\L) 
NFkB Bax Bcl2 TGF-β Smad-2 

Control 
48.29 ± 

3.12
 1.07± 0.1 1.11± 0.08 1.26± 0.15 1.09± 0.09 1.4± 0.51 

CCl4 
107 ± 16.29 
***a

 

12.2± 1.17 
***a

 

14.56± 0.68
 

***a
 

0.23± 0.2 
***a

 

11.6± 0.91
 

***a
 

11.93± 1.45
 

***a
 

Sil 
74.5 ± 7.80

 

***b/**a
 

7.73±0.37
 

***ab
 

9.4± 0.55
 

***ab
 

0.34± 

.0.03
***a

 

9.03± 0.2 
***ab

 

7.8± 0.5
 

***ab
 

Sil + CGA 
68 ± 9.41 
***b/*a

 

5.54± 0.46 
***ab

 

6.36± 1.06
 

***ab
 

0.7± 0.13 
***ab

 

7.14±1.1 
***ab

 

5.97± 0.15 
***ab

 

Sil + Mel 
65± 5.81 
***b/*a

 

3.8± 0.4 
***ab

 

5.2± 0.26
 

***ab
 

0.67± 0.02 
***ab

 

5.23± 0.24 
***ab

 

4.16±0.35 
***ab

 

Sil+ CGA+ 

Mel 

55.4± 5.09
 

***b
 

1.9±0.34 
***b

 

2± 0.2 
***b

 

0.95± 

0.07 
***b/**a

 

3.26± 0.21 
***ab

 

2.37± 0.57 
***b

 

*P < 0.05, slight significant, **P < 0.01 was considered significant, ***P < 0.001 was considered highly 

significant; Data are expressed as mean ± SEM; n=10. a: Significantly different from control group. b: 
Significantly different from CCl4-treated group. 

 

The current results of this study revealed that the 

ALT activity was significantly elevated in the CCl4 

treated group ( p<0.001), while the supplement of 

sil either alone or in combination with CGA and/ 

or Mel significantly downregulated the elevation 

of the serum ALT versus CCl4 intoxicated rats as 

compared with CCl4 treated group (Fig. 1). Co-

administration of the three antioxidants was the 

most effective treatment; hence, it caused the 

greatest reduction in the activity of the serum liver 

enzyme in CCl4 intoxicated rats. 

NFkB, proapoptic protein (Bax), TGF-β and 

Smad-2 expression levels in CCl4 treated 

groupswere significantly higher than those in the 

control group (p< 0.001). Post-treatment of the rats 

with sil either alone or in combination with CGA 

and/ or Mel produce high significant reduction  of 

these levels compared with both control and CCl4 

treated rats, such reduction in the expression of 

TGF-β was highly significant compared with both 

control and CCl4 treated groups (Figs. 2, 3, 5, 6). 

While the anti-apoptic protein Bcl2 expression 

levels were highly significant reduced in the CCl4 

intoxicated rats compared with the control group 

(p<0.001). Treatment of the CCl4 group with the 

aforementioned antioxidants ameliorated these 

levels compared with both control and CCl4 

treated groups (Fig. 4). 

The administration of the combination of Sil, CGA 

and Mel revealed the most protective effect against 

CCl4 hepatotoxicity (Figs. 2, 3, 4, 5, 6).   

 

 
a: Significantly different from control group.      

b: Significantly different from CCl4-treated group. 

Figure 1- ALT activities in the serum of control 

and different treated groups. 
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a: Significantly different from control group.    

 b: Significantly different from CCl4-treated group. 

Figure 2- NFkB mRNA expression in the liver of 

control and different treated groups. 

 
 

a: Significantly different from control group.      

b: Significantly different from CCl4-treated group. 

Figure 3- BaxmRNA expression in the liver of 

control and different treated groups. 

 

 

a: Significantly different from control group.      

b: Significantly different from CCl4-treated group. 

Figure 4-  Bcl2mRNA expression in the liver 

of control and different treated groups 

 

 
a: Significantly different from control group. 

b: Significantly different from CCl4-treated group. 

Figure 5- TGF-βmRNAexpression in the 

liver of control and different treated groups. 

 
a: Significantly different from control group.    

 b: Significantly different from CCl4-treated group 

Figure6 - Smad-2mRNA expression in the liver 

of control and different treated groups. 

. 

 

 

DISCUSSION 
 

Liver fibrosis is the common scarring response of 

the liver to most chronic liver damage. Continuous 

chronic liver damage leads to a progressive 

accumulation of scarring proteins and finally, 

alters normal tissue structure and function by 

inducing fibrosis, cirrhosis and ultimately liver 

failure. Liver fibrosis and cirrhosis is mediated by 

various cytokines including TNF-α, IL-10 and 

TGF-β, it has been shown that TGF-β plays the 

most significant role in chronic liver disease. In 

the middle stage of fibrosis or cirrhosis, TGF-β is 

produced predominantly in hypoxic hepatocytes. 

Therefore, understanding the role of TGF-β, and 

inhibiting TGF-β release in chronic liver disease, 

might be the key to developing an effective 

therapeutic strategy for liver fibrosis, cirrhosis and 

chronic liver disease (Kyu-Shik 2008). TGF-β and 

its related factors were reported to induce 

apoptosis in a variety of tissues. TGF-β induces 

the expression of the death-associated protein 

kinase (DAP-kinase) a positive mediator of 

apoptosis induced by certain cytokines and 

oncogenes. This effect is regarded as an immediate 

early response in cells that undergo apoptosis in 

response to TGF-β. DAP-kinase promoter is 

activated by TGF-β through the action of Smad2, 

Smad3 and Smad4. DAP-kinase mediates TGF-β -

dependent apoptosis by linking Smads to 

mitochondrial-based pro-apoptotic events 

(Bakhshayesh et al. 2012). The Smad family 

comprises transcription factors that function as 

signal transducers of TGF-β superfamily members. 

Activation of Smads by TGF-β family members 



Role of Natural Antioxidants in CCL4-intoxicated Rat 

 

7 
Braz. Arch. Biol. Technol., v.59: e16150553, Jan/Dec 2016 

 

7 

results in fibrotic, apoptotic, and anti-hypertrophic 

processes (Bakhshayesh et al. 2012). 

Liver injury can be induced by the hepatotoxin 

(CCl4) which is mainly metabolized by 

cytochrome P450 2E1 (CYP2E1). Unstable free 

radicals and ROS generated by this metabolic 

pathway induce liver cell apoptosis and necrosis. 

The ROS and free radicals induce the upregulation 

of TNF-α, IL-10 and TGF-β in necrotic 

hepatocytes. Increased cytokines, especially TGF-

β, activate local resident leucocytes and promote 

the recruitment of circulating leucocytes to the 

necrotic area; consequently TGF-β accelerates the 

progression of liver injury from the acute stage to 

chronic liver disease (Kyu-Shik 2008). Moreover, 

it has been reported that CCl4 increase NFkB, 

which regulates the transcription of several genes 

including cytokines such as the profibrogenic 

TGF- β in rat (Chávez et al. 2008). 

 CCl4 was shown to increase the level of ALT, 

while it decreased Bcl2 level in rats (Mohamed et 

al. 2015;Xiao et al. 2013). Xiao et al. (2013) also 

reported that the expression of the pro-apoptotic 

protein, (Bax), was increased in mitochondrial 

fraction of CCl4-induced hepatic injury in rats, and 

the Bax/Bcl-2 ratio was elevated. 

It was documented that cellular adenosine 

triphosphate (ATP) depletion initiates the 

translocation of Bax, a proapoptotic Bcl-2 family 

member protein, from the cytosol to the outer 

mitochondrial membrane. The translocation of Bax 

causes mitochondrial dysfunction and swelling, 

and can induce the efflux of cytochrome c to the 

cytosol (Malhi et al. 2006). Bcl-2 functions to 

prevent cell death, whereas Bax appears to 

accelerate the cell death signal (Green and Reed 

1998). Our results confirm a significant decrease 

(P<0.001) in Bcl-2 content accompanied by the 

increase of Bax by CCl4 treatment as compared 

with control group. 

The implication of oxidative stress and 

inflammation in the etiology and progression of 

several acute and chronic clinical disorders has led 

to the suggestion that agents with antioxidant and 

anti-inflammatory properties may have health 

benefits. Several antioxidant agents, including 

silymarin, antioxidant vitamins (C and E), and 

melatonin have been reported to reduce CCl4-

induced toxicity (Turkdogan et al. 2001; Shaker et 

al. 2011). 

 Silymarin is a flavonoid extracted from the milk 

thistle Silybum marianum. Although silymarin has 

been described to possess antioxidant, 

immunomodulatory, antiproliferative, antifibrotic, 

and antiviral activities (Saller et al. 2001), its 

mechanisms of action still have not been well 

established (Wei et al. 2013). 

 It has been reported that silymarin protects against 

liver injury caused by ethanol administration. The 

effect may be related to alleviating lipid 

peroxidation and inhibiting the expression of 

NFkB(Wei et al. 2013). Several studies revealed 

that the co-administration of silymarin with CCl4 

ameliorated the levels of Bax, Bcl2 and ALT 

which were disturbed after treatment rats with 

CCl4 (Yun-Chen et al. 2011; Abdullah et al. 2014). 

It can prevent lipid peroxidation, inhibit low-

density lipoprotein oxidation and scavenge 

reactive oxygen species ROS (Post-White et al. 

2007). Moreover, it has anti-inflammatory effects 

which may relate its ability to inhibit NFkB, which 

contributes to the production of proinflammatory 

mediators such as IL-1 and IL -6, TNF- α, 

lymphotoxin, granulocyte macrophage, colony-

stimulating factor (GM-CSF) and interferon (IFN)-

c (Deep and Agarwal 2007). The results of the 

present work revealed that CCl4 induced highly 

significant elevation (p< 0.001) of ALT with 

concomitant increase in Bax, Smad2, TGF-β and 

NFkB hepatic mRNA expression, administration 

of silymarin alone down regulates these 

expressions.   

 Furthermore, melatonin treatment increased the 

levels of antiapoptotic Bcl-2 and reduced the 

proapoptotic protein Bax support its antiapoptotic 

role. Thus, the ability of melatonin to enhance the 

level of Bcl-2 has been demonstrated in rat brain 

(Baydas et al. 2005), and it has been shown that 

melatonin treatment is able to prevent H2O2-

induced apoptosis by regulating Bax expression in 

a model of cultured rat astrocytes (Juknat et al. 

2005). Recent research indicates that early 

melatonin supplementation significantly reduces 

upregulated expression of Bax and caspase-3 in a 

transgenic mouse model of Alzheimer's disease 

(Feng et al. 2006). Protective effects of melatonin 

appear to be related to its antioxidant capacity, 

which limits loss of intramitochondrial glutathione 

and lowers mitochondrial protein damage (Martin 

et al. 2000), and to the improvement in the 

electron transport chain activity (Martin et al. 

2002). A major consequence is the prevention of 

the harmful reduction in the mitochondrial 

membrane potential that may trigger MPT pores 

opening and the apoptotic cascade (Xu and Ashraf 

2002).  

In the model of aging, caspase-3 activation and 

apoptotic cell death is induced by ROS, via the 

intrinsic signaling pathway, and that the 

antiapoptotic action provided by melatonin is 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3819898/#B019
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20W%5Bauth%5D
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related to its antioxidant effect, with reduction of 

cytochrome c release by the modulation of Bcl-2 

and Bax genes (Molpeceres et al. 2007).  

Chávez et al. (2008) reported that melatonin 

possesses a strong antifibrogenic effect in the CCl4 

model of cirrhosis. Moreover, the action 

mechanism is probably associated with its ability 

to reduce NFkBactivation and TGF-β content 

(Chávez et al. 2008). Co-administration of 

melatonin with silymarin significantly reduced 

serum ALT activity at p<0.01 compared with 

control group and at p<0.001 compared with CCl4- 

treated rats as well as NFkB, bax, TGF-β and 

Smad-2 expression at P<0.001 compared with both 

control and CCl4 treated groups.  

Chlorogenic acid is a type of phenolic acid created 

by the condensation of caffeic acid and quinic 

acid, also known as 5-coffee quinic acid. It is 

widely available in seeds, fruits, vegetables and 

coffee drinks and is also the main functional 

ingredient in herbal honeysuckle and eucommia. It 

down regulates TGF-β1 protein expression in the 

kidney of db/db Mice (Jin et al. 2015). 

Chlorogenic acid resulted in lower injury (p<0.05) 

and decreased NFkBexpression (p<0.05) in 

dextran sodium sulfate treated rats (Leigh et al. 

2011). 

It was reported that Beta-amyloid Aβ decreased 

significantly the viability of PC12 cells. This was 

accompanied by an increase in the intracellular 

calcium levels and cleaved caspase-3. In addition, 

Aβ induced an increase in Bax, and a decrease in 

Bcl-2 compared to the controls. However, a pre-

treatment with chlorogenic acid rescued the PC12 

cells from Aβ by attenuating the elevated 

intracellular calcium levels and reducing the levels 

of the apoptosis related proteins, including 

caspase-3and Bax (Chan et al. 2011). 

 

CONCLUSION 
 

In this current study co-administration of 

chlorogenic acid and melatonine with silymarin 

produced best results in this concern. On the other- 

hand, Bcl-2 mRNA expression was down 

regulated by CCl4 whereas concurrent treatment of 

chlorogenic acid and/ or melatonin with silymarin 

increased its expression. Therefore, it possible 

concludes that the use of chlorogenic acid and/ or 

melatonin potentiates the anti-apoptotic and 

antifibrogenic effects of silymarin. In addition, the 

use of this combination may be beneficial in the 

treatment of various liver disorders. 
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