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Abstract
The use of medicinal plants in treating illnesses has 
been reported since ancestral times. In the case of 
hepatic diseases, several species such as Silybum mari-
anum, Phyllanthus niruri, and Panus giganteus  (Berk.) 
have been shown to ameliorate hepatic lesions. Sily-
marin is a natural compound derived from the species 
Silybum marianum, which is commonly known as Milk 
thistle. This plant contains at least seven flavoligands 
and the flavonoid taxifolin. The hepatoprotective and 
antioxidant activity of silymarin is caused by its abil-
ity to inhibit the free radicals that are produced from 
the metabolism of toxic substances such as ethanol, 
acetaminophen, and carbon tetrachloride. The genera-

tion of free radicals is known to damage cellular mem-
branes and cause lipoperoxidation. Silymarin enhances 
hepatic glutathione and may contribute to the antioxi-
dant defense of the liver. It has also been shown that 
silymarin increases protein synthesis in hepatocytes by 
stimulating RNA polymerase I activity. A previous study 
on humans reported that silymarin treatment caused a 
slight increase in the survival of patients with cirrhotic 
alcoholism compared with untreated controls.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
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Core tip: One of the mechanisms of liver damage 
caused by alcohol is the generation of free radicals 
formed by the metabolism of this xenobiotic. Silyma-
rin is an antioxidant that protects the liver from the 
free radical damage produced by alcohol metabolism. 
Silymarin is the most used natural compound for the 
treatment of hepatic diseases worldwide due to its an-
tioxidant, anti-inflammatory, and anti-fibrotic activities. 
Silymarin functions by stabilizing biological membranes 
and increasing protein synthesis.
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INTRODUCTION
The liver is an important organ that has a key role in the 
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maintenance of  homeostasis. The liver is responsible for 
multiple metabolic functions and physiological processes 
such as bile production, energy generation, vitamin stor-
age, and the metabolism of  carbohydrates, proteins, and 
lipids. After intestinal absorption is complete the blood is 
rich in nutrients and xenobiotics. The blood is then trans-
ported to the liver via the portal vein, which carries mul-
tiple toxic substances including ethanol (Et-OH), drugs, 
pharmaceuticals, and toxins to the liver. As a result, the 
liver is susceptible to toxicity and damage. Many people 
have been afflicted with some type of  liver lesion. Ex-
amples of  liver lesions include fatty liver, non-alcoholic 
steatosis, hepatitis A, B, or C, cirrhosis, and hepatocellular 
carcinoma (the third leading cause of  cancer-related mor-
tality worldwide)[1]. Hepatic diseases are primary causes 
of  morbidity and mortality worldwide. The most recent 
surveillance report published by the National Institute 
on Alcohol Abuse and Alcoholism showed that liver cir-
rhosis was the 12th leading cause of  death in the United 
States[2]. Liver disease is exacerbated by unhealthy life-
styles, obesity, and the excessive consumption of  alcohol 
and drugs[3].

The use of  medicinal plants has been reported since 
ancestral times. In the case of  hepatic diseases, several 
species such as Silybum marianum[4], Phyllanthus niruri[5], and 
Panus giganteus (Berk.) have been shown to ameliorate he-
patic lesions[6].

SILYMARIN
Overview
Flavonoids are polyphenol compounds that are also con-
sidered essential nutrients. Their basic chemical structure 
consists of  two benzene rings bound by a three-atom 
heterocyclic carbon chain. The oxidation of  the structure 
generates several families of  flavonoids (flavones, flavo-
noles, flavanones, anthocyanins, flavanoles, and isofla-
vones). Chemical modifications of  each family can lead 
to > 5000 individual compounds with different proper-
ties[7].

Silybum marianum is the scientific name for Milk thistle 
or St. Mary’s thistle. It is a plant native to the Mediter-
ranean region and belongs to the Asteraceae family. It is 
characterized by thorny branches and a milky sap, with its 
oval leaves reaching up to 30 cm. The flowers are bright 
pink and can measure up to 8 cm in diameter[8]. Milk 
thistle grows in its wild form in southern Europe, north-
ern Africa, and the Middle East. The plant is cultivated 
in Hungary, China, and South American countries such 
as Argentina, Venezuela, and Ecuador. In Mexico, Milk 
thistle is consumed as a supplementary food[9].

Silymarin is a natural compound that is present in spe-
cies derived from Silybum marianum, which is commonly 
known as Milk thistle. The plant contains at least seven 
flavolignans and the flavonoid taxifolin. The most impor-
tant flavolignans present include silybin, silydianin, and 
silychristine. Silybin represents between 50% and 70% 
of  the extract from silymarin. The following flavolignan 

isoforms are known (Figure 1): silbyna A, silbyna B, 
isosilbyna A, and isosilbyna B[10]. Silymarin has been used 
worldwide for many years as a complementary alterna-
tive medicine because of  the beneficial effects associated 
with the treatment of  hepatic diseases. Silymarin belongs 
to the Aster family (Asteraceae or Compositae). The ma-
ture plant has large brilliant-purple flowers and abundant 
thorns. The plant grows in places with sufficient sun ex-
posure[11].

The low level of  bioavailable flavolignans is known. 
For example, the level of  silymarin absorption is between 
20% and 50%. Silybin is the major compound of  sily-
marin and limiting factors such as low solubility in water, 
low bioavailability, and poor intestinal absorption reduce 
its efficacy. New soluble silybin-derived biocompounds 
(silybin bis-hemisuccinate, β-cyclodextrin complex, 
silybin-N-methyl-glucamine, silybin 11-O-phosphate, and 
silybin-phosphatidylcholine) have thus been designed[10]. 
Chronic inflammation occurs in patients with hepatic 
damage. Thus, for patients with compensatory cirrhosis, 
hepatitis C, and non-alcoholic hepatic steatosis, the bio-
availability of  compounds present in silymarin may be 
affected, which may also explain the low effectiveness of  
treatment with flavonoids in these patients[12,13].

Sy-Cordero et al[14] isolated four key flavolignans and 
diastereoisomers (silybin A, silybin B, isosilybin A, and 
isosilybin B) from S. marianum on a gram-scale. These 
compounds and two other related analogues are present 
in extremely minute quantities. The compounds were 
evaluated for their antiproliferative/cytotoxic activity 
against human prostate cancer cell lines. Silymarin reduc-
es the incidence of  certain cancers[15]. Su et al[16] used sily-
marin on nasopharyngeal carcinoma cells (NPC-TW01) 
and found an increase in Bcl-2 expression and a decrease 
in the activated caspase-3 or apoptosis-inducing factor 
(AIF) with low-dose (80 μmol/L) treatment.

The molecular targets of  silymarin for cancer pre-
vention have been studied. Milk thistle interferes with 
the expression of  the cell cycle regulators and proteins 
involved in apoptosis. Thus, it can modulate the balance 
between cell survival and apoptosis. Lee et al[17] reported 
that silybin inhibited the kinase activity of  mitogen-
activated protein kinase (MEK)-1/2 and ribosomal S6 
kinase (RSK)-2 in melanoma cells. The treatment of  
melanoma cells with silybin attenuated the phosphoryla-
tion of  extracellular signal-regulated kinase (ERK)-1/2 
and RSK2, which is regulated by the upstream kinases 
MEK1/2. The blockade of  MEK1/2-ERK1/2-RSK2 
signaling by silybin resulted in the reduced activation of  
nuclear factor-kappa B (NF-κB), activator protein-1, and 
STAT3. These proteins are transcriptional regulators of  
several proliferative genes in melanomas. Silybin blocks 
the activation of  these transcription factors and induces 
cell-cycle arrest at the G1 phase, which inhibits mela-
noma cell growth in vitro and in vivo. Silymarin suppresses 
ultraviolet radiation A-induced oxidative stress (OS), 
which can induce skin damage. Thus, the topical applica-
tion of  silymarin can be a useful strategy for protecting 
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against skin cancer[18].
In previous studies, the inherent hepatoprotective 

and antioxidant activity of  silymarin was shown to be 
caused by its control of  free radicals (FR), which are 
produced by the hepatic metabolism of  toxic substances 
such as Et-OH, acetaminophen (Paracetamol), or car-
bon tetrachloride. The FR damage cellular membranes 
and cause lipoperoxidation (LPO)[19]. The cytoprotec-
tive effect in liver is also caused by the inhibition of  the 
cyclooxygenase cycle, leukotrienes, and the production 
of  FR in Kupffer cells in mice. These affects reduce in-
flammation[20], and it has been suggested that silymarin 
also performs the following functions: protecting against 
genomic injury, increasing hepatocyte protein synthesis, 
decreasing the activity of  tumor promoters, stabilizing 
mast cells, chelating iron, and slowing calcium metabo-
lism, among other activities that have been described in 
the literature[21].

Silymarin has been reported to have antioxidant, im-
munomodulatory, anti-fibrotic, anti-proliferative, and 
antiviral properties. It also affects the synthesis of  RNA 
and DNA. Furthermore, silymarin maintains the integrity 
of  the hepatocyte membrane and impedes the entrance 
of  toxic substances or xenobiotics. Due to its phenolic 
nature, it is capable of  donating electrons to stabilize FR 
and reactive oxygen species (ROS).  Silymarin also affects 
intracellular glutathione, which prevents lipoperoxidation 
of  membranes[22].

Pure compounds extracted from silymarin have been 
examined in cell lines infected with the hepatitis C virus 
(HCV). Polyak et al[23] showed that silymarin inhibits the 
replication of  an infectious HCV genotype 2a strain 
(JFH1) in hepatoma cell cultures. The most effective 
compounds were isosilbin A, taxifolin, and silybinin, and 
these compounds reduced virus infection. The OS level 
induced by HCV, the tumor necrosis factor (TNF)-α 

level, and the transcription factor NF-κB were affected 
by silbyn A and silbyn B treatment. In general, all of  the 
compounds showed antiviral activity and reduced the OS 
level caused by HCV infection[24].

The use of  a silymarin extract in 72 patients with 
non-alcoholic hepatic steatosis (non-alcoholic fatty liver 
disease, NAFLD) on a controlled diet led to significantly 
reduced levels of  alanine aminotransferase (ALT) and 
aspartame aminotransferase (AST) (AST/ALT < 1). An-
other parameter evaluated was γ-glutamyl transpeptidase 
(γ-GT). In NAFLD patients, γ-GT is high because of  
obesity, hyperinsulinemia, inflammation, and changes in 
the membrane permeability of  the hepatocytes. The level 
of  γ-GT decreased due to the silymarin-mediated inhibi-
tion of  toxins entering the cells. Additionally, silymarin 
permits the stabilization of  hepatocyte membranes. It 
also reduced the level of  TNF-α, which reduces inflam-
mation. A favorable change in the hepatorenal clearance 
index was also observed, which suggests a reduction in 
the accumulation of  lipids in the liver. All of  these results 
were visible after 6 mo of  treatment[4].

EVIDENCE FROM STUDIES OF 
SILYMARIN AS A HEPATIC PROTECTOR 
AGAINST ETHANOL
Silymarin has both hepatoprotective and regenerative ac-
tions. The mechanism of  action is a reduction of  the FR 
formed by toxins that damage the cell membranes (LPO) 
and competitive inhibition through hepatocyte external 
cell membrane modification. Silymarin forms a complex 
that impedes the entrance of  toxins into the interior of  
liver cells. Additionally, silymarin metabolically stimu-
lates hepatic cells and activates the RNA iosynthesis of  
ribosomes to stimulate protein formation[25-27]. In a study 
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Figure 1  The chemical structure of silbyna A, silbyna B, isosilbyna A, and isosilbyna B, the extract of silymarin.
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diminished the content of  GSH and the activity of  SOD, 
CAT, GPX, and GR. Mice that received Et-OH plus si-
lymarin (250 mg/kg of  bw/d for 12 wk) normalized the 
altered parameters. In addition, the silymarin-treated mice 
had reduced levels of  interleukin-10 (IL-10), TNF-α, 
interferon (IFN), IFN-γ, vascular endothelial growth 
factor-A, and TGF-1β. The treatment also reduced the 
levels of  IL-4 in the blood. The results of  silymarin treat-
ment were similar to mice that received vitamin C treat-
ment[35].

The use of  Sylubim β-cyclodextrin has been studied 
in non-insulin-dependent patients with diabetes and alco-
holic hepatopathy. Treatment with a 135-mg/d dose did 
not influence insulin secretion but did significantly reduce 
the glucose (P < 0.03) and serum levels of  triglycerides (P 
< 0.01) compared with the placebo. These results suggest 
that this treatment improves the response to insulin[36].

Clinical study conducted in 170 cirrhosis patients 
treated with 140 mg of  silymarin three times daily for 41 
months showed significant improvement, especially in the 
subgroups with alcoholic cirrhosis and initial “Child A” 
hepatic disease[31]. However, the results are controversial. 
A meta-analysis of  13 randomized clinical assays evaluat-
ed the beneficial or detrimental effects of  Milk thistle and 
included patients with alcoholic and/or hepatitis B and 
C hepatic disease. The authors concluded that according 
to the data, Milk thistle did not significantly influence the 
improvement of  these diseases. Conversely, it may have 
negatively affected the pathological condition[37].

CONCLUSION
There is substantial evidence suggesting that silymarin 
treatment improves hepatic diseases. However, some of  
the data are contradictory. Therefore, additional molecu-
lar studies investigating the mechanisms of  action for 
these compounds are needed. It is known that silymarin 
does not possess adverse effects at high doses. Thus, it is 
a natural compound that is widely utilized in traditional 
medicine and has been investigated in formal scientific 
studies. Diverse hepatic damage models and ethanol in-
jury have been utilized to study silymarin because ethanol 
is responsible for many cases of  liver damage worldwide. 
The current data demonstrate that the use of  silymarin 
treatment in alcoholic cirrhosis patients may attenuate the 
damage. However, silymarin treatment does not affect 
mortality.
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