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ABSTRACT 

Non-alcoholic fatty liver disease (NAFLD) has become a common, chronic liver disease, 

across the globe. It occurs in individuals without a history of significant ethanol consumption, 

and it encompasses a wide spectrum of hepatic disorders. It ranges from simple steatosis, to 

the advanced form, non-alcoholic steatohepatitis (NASH), as well as fibrosis, cirrhosis to even 

hepatocellular carcinoma. In fact, hepatocellular carcinoma (HCC) can also develop even in 

the absence of cirrhosis. The prevalence of NAFLD is on the rise primarily because of the 

common metabolic conditions such as, insulin resistance, type 2 diabetes, central obesity and 

dyslipidemia. Therefore, NAFLD is associated with adverse metabolic consequences. Other 

than the detrimental hepatic outcomes mentioned above, the cases of NAFLD have a very high 

predisposition to cardiovascular disease. Therefore, management of NAFLD is of paramount 

importance. However, the challenge lies in the fact that there are no approved therapeutic drug 

regimens for the treatment of NAFLD. Currently, the standard care comprises of treating the 

underlying co-existing metabolic abnormalities along with a strong focus on lifestyle 

modification.  

Under the purview of the dietary management of NAFLD, antioxidants have been used as 

a therapy, because oxidative stress is also a risk factor for NAFLD and its advancement. One 

of the less explored antioxidants with respect to NAFLD is silymarin, the bioactive component 

of milk thistle. Milk thistle (Silybum marianum) is a Mediterranean herb belonging to the 

Asteraceae/Compositae family. It is postulated that silymarin, inhibits the production of pro-

inflammatory cytokines and acts against lipid peroxidation by free radical scavenging, thereby 

functioning as an antioxidant. In addition, it is also anti-inflammatory and anti-fibrotic in nature 

and has membrane stabilizing properties. The bioactive component in milk thistle is a lipophilic 

extract from it seeds and fruits which is collectively known as silymarin. The collective term 

‘silymarin’ refers to a complex set of flavonolignans; silibin A, silibin B, isosilibin A, isosilibin 

B, silichristin, isosilichristin, silidianin and a single flavonoid, taxifolin. Among the 

flavonolignans, silibin is the most biologically relevant component of silymarin, although the 
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biological mechanism is not understood. Treatment with silymarin in cases of fatty liver, has 

shown to improve the hepatic biochemical profile, especially alanine amino transferase, but the 

data is very limited in nature and often conflicting. The existing evidence, with its own set of 

methodological drawbacks, presents a mix of findings that support or refute using silymarin 

alone or in combination with other compounds in the management of NAFLD. This review is 

therefore, aimed at clearing the mist surrounding silymarin and its potential in managing 

NAFLD. Long term studies of multicentric nature are further required to better elucidate the 

dosage, duration, underlying molecular mechanisms, safety and the overall impact in terms of 

changes in liver histology of silymarin therapy in the management of NAFLD.  

 

Keywords: Non-alcoholic fatty liver disease, antioxidants, milk thistle, silymarin, 

flavonolignans, silibin 

 

BACKGROUND  

Non-alcoholic fatty liver disease (NAFLD) refers to a spectrum of hepatic disorders ranging 

from simple steatosis, to steatohepatitis (non-alcoholic steatohepatitis), fibrosis and cirrhosis, 

in individuals in the absence of significant ethanol consumption [1,2]. Due to about one quarter 

of the global population and one third of the population afflicted with NAFLD in industrialised 

countries, NAFLD has become the most common liver disease diagnosed globally [3-6]. The 

prevalence of NAFLD is on the rise, from a mere <10% in the 1980s to about 15-30% today 

[4] primarily due to the diabesity epidemic [7,8], although the mechanism is not understood 

[9]. Insulin resistance sets the course for the pathogenesis of NAFLD, which leads to altered 

lipid metabolism (increased lipolysis) that accrues the free fatty acids deposition in the 

hepatocytes [10]. Other factors leading to the development of NASH may include reactive 

oxygen species (ROS) production (superoxide radical, hydroxyl radical, hydrogen peroxide, 

and lipid peroxide radicals) [11], oxidative stress causing mitochondrial dysfunction, cytokines 

/adipokines, dyslipidemia and obesity [12, 13]. NASH, if untreated, may progress onto fibrosis, 

cirrhosis and even hepatocellular carcinoma (HCC) [5, 6, 10]. HCC may, however, still develop 

in the absence of cirrhosis [14, 15]. Moreover, patients with NASH have a higher predisposition 

to cardiovascular disease (CVD) [5], which is the predominant factor for high mortality in 

NAFLD patients [16]. Thus, the management of NAFLD is warranted.  

However, the challenge remains in the fact that there is no evidence based pharmacological 

guidelines for the treatment of NAFLD [2, 17]. The current guidelines emphasize on managing 

the co-existing morbidities in NAFLD and incorporating lifestyle changes. Oxidative stress, as 

mentioned above earlier, is implicated in the pathogenesis of NAFLD/NASH that activates the 

pro-inflammatory cytokines [1, 4, 9]. Therefore, vitamin E, ursodeoxycholic acid, gemfibrozil, 

metformin pioglitazone, and orlistat have been tried as drug treatments for NAFLD, yet 

antioxidant therapy has been under investigated [1,9], silymarin, in particular, has limited 

literature on monotherapy and combination therapy.  

 

Silymarin 

Milk thistle is extracted from the fruits and seeds of silybum marinum, a Mediterranean herb 

[18] which belongs to the Asteraceae/Compositae family [11, 19]. It is a flavonoid complex 

comprising of family of flavonolignans (silybin, isosilybin, silychristin, isosilychristin, and 

silydianin) and a flavonoid (taxifolin), of which 50-70% is silybin, the biologically active 

component [11, 18]. This active component is a lipophilic extract composed of four isomer 

flavonolignans (silibinin, isosilibin, silidianin and silichristine), which is collectively known as 

silymarin [11, 19].    
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Mechanism of action 

While the data of impact of silymarin on NAFLD patients is limited, silymarin imparts 

antioxidant, anti-inflammatory and anti-fibrotic properties [18, 19]. Although the biological 

mechanism of action is not entirely understood [9], it modulates the cytokine production [9]. It 

works as an antioxidant, possibly, by increasing the superoxide dismutase activity in 

erythrocytes and lymphocytes. Silymarin, has also shown to increase serum glutathione and 

glutathione peroxidase levels [21] and also influence the enzyme systems associated with 

glutathione and superoxide dismutase [6, 22]. Therefore, it improves the oxidative profile by 

the means of inhibiting the pro-inflammatory cytokines production [23]. Silybin has also shown 

to act as a mild chelator of iron that aids in inhibiting leukotriene formation by Kupffer cells 

and prevents depletion of glutathione from hepatocytes [24]. 

Silymarin has membrane stabilising properties that stabilise the hepatocyte membrane 

structure, thereby, preventing toxins from entering the hepatocyte via the entero-hepatic 

recirculation. It also promotes liver regeneration by stimulating nucleolar polymerase A and 

increasing ribosomal protein synthesis [6, 25].   

Silymarin retards lipid peroxidation by scavenging of free radical and acts as an anti-

fibrotic agent that induces hepatic stellate cells apoptosis or induces degradation of collagen 

deposits [21, 26]. Recently, anti-cancer properties have been reported too, primarily by 

modulating different molecular patterns [23]. 

 

Safety of Silymarin 

Silymarin has been demonstrated to be a safe and well tolerated medication in hepatic diseases 

with chronic toxicity studies in rodents demonstrating very low toxicity [6], with no health 

hazards or known side effects when administered in therapeutic dosage [27]. In fact, at very 

high doses in rodents, it reduced the incidence of spontaneous neoplasias [6]. Taking into 

consideration all the RCTs, uncontrolled studies and case reports, adverse side effect was 

reported in relation to silymarin [28]. Side effects, although rare, may include laxative effect, 

nausea, epigastric discomfort, arthralgia, pruritis, and urticaria.  

 

Bioavailability of Silymarin 

Oral administration of silymarin, has a low bioavailability due to inefficient absorption in the 

intestine and high first-pass metabolism. However, when complexing it with 

phosphatidylcholine [29] or β-cyclodextrin [11], the absorption and the solubility can be 

improved. The available pharmacokinetic data shows a strong correlation between the state of 

liver damage and the bioavailability of silymarin [6]. Data shows, a minimum of three daily 

intakes are required for silymarin in order to attain sustained blood level because silymarin has 

a short half-life. Moreover, there are no clinically relevant interactions that have been reported 

between silymarin and other drugs [6].   

 

CLINICAL STUDIES ON SILYMARIN WITH RESPECT TO NAFLD 

There is very limited clinical data available on the impact of silymarin alone or in combination 

with other therapy on patients with NAFLD/NASH. We further discuss the available medical 

literature to delve into the findings, conclusions, and the recommendations of these studies. 

 

Silymarin as a mono-therapy 

Silymarin as an antioxidant was used in a randomized controlled trial for a period of 18 months 

on NASH patients with elevated liver enzymes. The NASH patients were randomised into two 

groups, 50 in each arm; treatment group receiving 280mg silymarin for 24 weeks and the 
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placebo group. The serum alanine aminotransferase (ALT) level reduced significantly from 

113.03 and 73.14 IU/mL (P = 0.001) in the silymarin group along with ALT normalisation 

(ALT <40) in 52%, and aspartate aminotransferase (AST) normalisation (AST <40) in 62% of 

the cases, therefore having a greater impact on AST improvement as it reduced significantly in 

comparison to placebo group. There was no significant difference in ALT after treatment 

between the silymarin and placebo group. No side effects were reported in each of the cases. 

The study concluded that silymarin may aid in improving the biochemical profile by decreasing 

the transaminase levels in NAFLD patients, although there was no histological data available 

after the treatment [9]. Importantly, silymarin was safe and well tolerated by the study subjects. 

When patients with cirrhosis and diabetes were treated with silymarin for a period of 12 

months at a dose of 600mg/day, it reduced insulin resistance and significantly decreased the 

fasting insulin levels, indicating an improvement in endogenous and exogenous insulin activity 

[30].  

In another clinical trial to evaluate the efficacy of silymarin as a monotherapy [2], NASH 

patients were randomly allocated into two group; the treatment group that received 210mg/day 

oral silymarin for 8 weeks and the placebo group, in addition to being advised a low-fat, low-

carbohydrate diet, to engage in physical activity and to lose a minimum of four kilograms of 

weight. After the completion of the treatment period, the NASH patients were evaluated for 

liver enzymes that showed a marked improvement for both, in particular, ALT. However, the 

patients were not evaluated for insulin resistance, ultrasonographic or histopathological 

changes after the treatment. 

With the aim of assessing whether silymarin improves aminotransferases in NASH 

patients, a double blind, randomised, placebo-controlled trial was performed. 100 NASH 

subjects were randomly allocated to receive 140mg twice daily for three months and placebo. 

ALT declined significantly from 84.06 to 68.54 IU/ml and AST from 71.94 to 54.7 IU/ml in 

the treatment group, although there was an insignificant change in the placebo group. The 

authors concluded that silymarin aided in reducing the liver enzymes in NASH patients [31].  

In a randomised trial to assess the impact of silymarin on cases of biopsy proven NASH 

[32], 99 subjects (most of them diabetic, centrally obese) were randomised to receive either 

700mg oral silymarin for 48 weeks or placebo. About 30% of the NASH subjects had an 

improvement in NAFLD activity score in the repeat liver biopsy, but there was no significant 

difference in inflammation, ballooning and NAFLD activity score between both the groups. 

However, the silymarin group, had significant improvement in fibrosis as compared to placebo, 

highlighting the anti-fibrotic properties of silymarin. The study concluded that silymarin was 

safe and well tolerated by NASH patients and maybe used as a combination therapy along with 

other drugs for treatment of NASH. 

 

Silymarin in combination therapy 

In a randomised controlled trial comprised of 50 NAFLD patients, patients were treated with 

140 mg of silymarin for 8 weeks, followed by another two months of follow up, compared to 

metformin and pioglitazone. Liver enzymes improved with a marked decrease in ALT levels 

from 103.1 to 41.4 IU/ml and AST levels from 53.07 to 29.1 IU/ml [33], in the silymarin group. 

The reduction was more evident in the silymarin group as compared to the metformin group. 

Another interesting observation was that, silymarin had a weak impact on triglycerides, fasting 

blood sugar and insulin levels.  

A study was carried out to assess the impact of metformin, pioglitazone, and silymarin in 

NAFLD (N=66). The NAFLD patients, all with similar baseline characteristics, were randomly 

allocated into three groups; the first group receiving 15mg/day pioglitazone, the second group 
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receiving 500mg/day metformin and the third group receiving 140mg/day silymarin for 8 

weeks. In all the three groups, there was a significant reduction in fasting blood sugar, ALT, 

AST, serum insulin level. However, the most evident reduction in ALT and AST occurred in 

the silymarin group [34]. 

NAFLD cases who were treated with silymarin vitamin E phospholipids complex for a 

period of 6 months (four pieces per day), along with another six month of follow up, showed 

improvement in insulin resistance, liver enzymes and the degree of steatosis [35].   

A pilot study was conducted to evaluate the impact of oral silymarin and S-Adenosyl-L-

Methionine (SAMe) supplementation for 12 months in NAFLD patients [3]. The 

supplementation significantly improved total cholesterol, insulin, ALT and alkaline 

phosphatase. To further support the impact of supplementation, there was a regression in the 

degree of hepatic steatosis. The authors of the study concluded that, silymarin and SAMe could 

be used as an adjunctive therapy to improve the metabolic profile and hepatic steatosis in 

NAFLD patients, especially those who fail to change their lifestyle. However, a delimitation 

of the study was the limited number of subjects. Moreover, there is no evidence or consensus 

on the stipulated dosage and duration of supplementation of silymarin with SAMe for NAFLD.   

In a pilot study on NAFLD patients [17], a new silybin-vitamin E complex (silybin (94mg) 

+ vitamin E (90mg) + phospholipids (194mg) at a dose of four pills/day for 6 months) was 

tried. It was found to significantly improved the liver enzymes, insulin resistance and the 

echographic score of liver steatosis.  

The findings of this study were further confirmed in a placebo-controlled, double-blind, 

randomized clinical trial [27], that assessed the efficacy of the silybin-vitamin E complex in 

the same dosage in NAFLD patients (two pills/day for 1 year). The liver enzymes, insulin 

resistance, and liver histology were improved with the silymarin complex and there were few 

side effects. 

In a randomized study comparing the effects of a hypocaloric Mediterranean diet versus a 

diet with silybin, phosphatidylcholine, and vitamin E complex for six months in overweight 

NAFLD subjects, it showed a positive impact of the diet, as well as of the complex that brought 

about significant changes in the anthropometric indices, total cholesterol and triglycerides, and 

improvement in insulin resistance in the silymarin vitamin E complex group [36].  

In a meta-analysis to assess the therapeutic effect of silymarin in the treatment of NAFLD, 

eight RCTs were included [18]. It was observed that silymarin reduced the ALT and AST more 

significantly than the control group. In fact, silymarin as a monotherapy, compared to other 

interventions, had a more significant difference in decreasing the ALT and AST. The meta-

analysis concluded that silymarin can be considered as phytotherapy for NAFLD subjects and 

that it was not dose dependent.  

A study was carried out to assess the therapeutic effect of silymarin in combination with 

simvastatin in NASH patients (N=70). They were randomly allocated into treatment group 

comprising of silymarin (70mg twice daily) plus simvastatin and control group that received 

liver protecting tablet plus vitamin E for 12 weeks. ALT reduced significantly in the silymarin 

group and so did the lipid parameters that were aberrated prior to the treatment. There were no 

severe side effects reported during the treatment. The study concluded that silymarin in 

combination with simvastatin was an effective treatment for NASH patients [37].   

 

CONCLUSIONS 

While the studies have demonstrated the antioxidant, anti-fibrotic properties of silymarin and 

its role as a possible insulin sensitizer, the studies on the impact of silymarin in the management 

of NAFLD are in a very nascent stage. More robust studies with large sample size, double 
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blinded, randomised prospective trials and multicentric studies are required before arriving at 

any conclusion. The studies to date, have been marred with some or the other methodological 

issues; smaller sample size, uncontrolled studies, short duration trials, no or short follow up 

period, no hepatic end points, mono-combo therapy, heterogenous groups, that refrain from 

drawing any externally valid recommendations about the efficacy of silymarin. It is equally 

important to clearly demarcate the hepatic end points to validate the effectiveness of the 

treatment with silymarin, as biochemical tests alone do not suffice and ultrasonographic or 

histological data is required to validate the same. There is no consensus on the appropriate 

dosage and duration of supplementation with silymarin, standardization with other 

formulations, while keeping in mind the pharmacokinetics, also needs to be investigated to 

achieve the desired therapeutic effect.  

 

Abbreviations: NAFLD, Non-alcoholic fatty liver disease; NASH, Non-alcoholic 

steatohepatitis, HCC, Hepatocellular carcinoma, ROS, Reactive oxygen species; CVD, 
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