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Abstract 
 

Liver disorders need effective treatments to enhance function, reduce inflammation, and prevent viral disorders. Silymarin 

shows promise, but its optimal dosage and duration remain unclear, complicating standardized clinical use. Milk thistle 

[Silybum marianum (L.) Gaertn.] and its active component, Silymarin, has shown its effectiveness in enhancing liver function, 

mitigating inflammation, and preventing further damage in conditions from alcoholic fatty liver, non-alcoholic fatty, drug-

induced liver injury and viral hepatitis. Clinical trials have furnished evidence of silymarin's beneficial effects on liver health, 

particularly in conditions like cirrhosis. However, it's crucial to acknowledge that while silymarin appears to possess 

hepatoprotective properties, its optimal dosage and duration of use may vary depending on the specific liver condition. 

Understanding the therapeutic role of silymarin within the intricate landscape of liver illnesses can contribute to more effective 

strategies for patient care and improved outcomes. 
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Introduction 
 

Silybum marianum (L.) Gaertn., commonly known as milk 

thistle and its derivatives have been employed in the 

treatment of liver diseases. Reports indicate that up to one-

third of individuals use milk thistle compounds as 

supplementary therapy for chronic viral hepatitis, and clinical 

observations suggest an even higher prevalence among those 

with chronic liver disease (Heleen 2022). The historical use 

of milk thistle seed extracts underscores their longstanding 

reputation for liver protection (Hackett et al. 2013). 

Liver diseases are a major global health issue that 

impacts millions of people and puts an increasing strain on 

healthcare systems. These diseases are becoming more 

common, mostly because of sedentary lifestyles, altered 

eating patterns, and rising rates of risk factors like 

alcoholism and obesity (Seeff et al. 2015). Liver diseases 

are a group of disorders that include alcoholic fatty liver 

disease (AFLD), drug-induced liver damage (DILI), viral 

hepatitis, and non-alcoholic fatty liver disease (NAFLD). 

Liver cirrhosis is one of the worst consequences; it is an 

irreversible, chronic disorder marked by significant scarring 

that affects the essential liver processes (Gu et al. 2015). 

The death rate related to liver illnesses is rising along 

with their frequency. Liver-related mortality has increased 

significantly, especially in midlife, and now accounts for a 

large number of deaths in many countries. As a result of 

several liver conditions, liver cirrhosis is one of the world’s 

major causes of morbidity and death. The complex network 

of liver disorders includes viral hepatitis (Thrift et al. 2017), 

an infectious liver condition with long-term consequences, 

oxidative liver injury caused by an excess of reactive 

oxygen species, and non-alcoholic fatty liver disease 

(NAFLD), characterized by fat accumulation in the liver 

(Petta et al. 2009; Diaz et al. 2023). Furthermore, DILI is 

dangerous, especially when treating diseases like 

tuberculosis (Table 1) (Goldberg et al. 2015). 

Humanity has historically looked on both 

pharmacological and natural therapies (Langmead and 

Rampton 2001) to treat liver disorders. Milk thistle, 

renowned for its hepatoprotective qualities, is one such age-

old medicine that has endured (Hashem et al. 2021). People 
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have been using milk thistle for its possible benefits without 

knowing its precise components since before science had a 

clear understanding of the plant. After significant scientific 

progress, important chemicals were eventually isolated. One 

of the most well-known is silymarin, extracted from milk 

thistle seeds (Luper 1998; Adetuyi et al. 2021). 

Silymarin, an intricate blend of polyphenolic 

compounds, has drawn notice for its diverse impacts on 

hepatic function (Saller et al. 2007). Different investigations 

on its characteristics have been conducted over time, 

including how it reduces inflammation, inhibits the effects of 

reactive oxygen species, restricts liver fibrosis, and 

demonstrates antioxidant qualities (Iranikhah et al. 2017). 

Silymarin, the antioxidant component, and Silybum 

marianum extracts prevent liver damage (Shaker et al. 2010). 

This introduction seeks to present a thorough review of liver 

illnesses, the historical background of milk thistle use, the 

identification of silymarin, and the substantial studies carried 

out to evaluate its effects on various liver ailments. We can 

enhance patient outcomes and develop more effective 

strategies by comprehending the complex interactions 

between liver disorders and the possible therapeutic role of 

silymarin. The objective of the review is to analyze the 

prevalence and impact of liver diseases, such as AFLD, 

DILI, viral hepatitis and NAFLD. Examine the severe 

consequences of these diseases, including liver cirrhosis and 

rising liver-related mortality rates. Explore the historical use 

of milk thistle in liver disease treatment, emphasizing its 

longstanding reputation for liver protection. Identify and 

discuss silymarin, the active compound in milk thistle, and 

its hepatoprotective properties. Summarize findings from 

clinical studies on silymarin's efficacy in enhancing liver 

function, reducing inflammation, and preventing liver 

damage. Discuss the potential therapeutic role of silymarin in 

managing various liver disorders. Highlight the need for 

further research to determine optimal dosages and treatment 

protocols for different liver conditions. 

A comprehensive review of the literature was 

conducted to gather information on the therapeutic 

significance of Silybum marianum (milk thistle) and its 

derivative silymarin in the treatment of liver diseases, 

including alcoholic fatty liver disease (AFLD), drug-

induced liver damage (DILI), non-alcoholic fatty liver 

disease (NAFLD), cirrhosis, and viral hepatitis C. Electronic 

databases including PubMed, Scopus, and Google Scholar 

(published data), Textbooks, clinical guidelines, and review 

articles were also consulted to ensure a comprehensive 

understanding of the subject were systematically searched 

using relevant keywords such as Silybum marianum, milk 

thistle, silymarin, liver diseases, cirrhosis, alcoholic fatty 

liver disease, non-alcoholic fatty liver disease, drug-induced 

liver damage, and hepatitis C. Additional sources such as 

textbooks, clinical guidelines, and review articles were also 

consulted to gather comprehensive. 

 

Therapeutic significance of milk thistle 

 

S. marianum is one of the most significant therapeutic herbs 

globally. Throughout Europe, milk thistle has been used as 

medicine since the first century. Its fruits (achenes) have 

long been utilized as a coffee substitute, while its petals, 

roots, and leaves have all been incorporated into European 

cuisines as vegetables. For almost 2,000 years, people have 

used S. marianum seeds as a natural treatment for liver and 

bile duct issues. The pharmacologically beneficial 

medication made of silymarin consists of four main 

components: silybin between 50 and 60 percent, silychristin 

20 percent, iso silybin 5 percent, and silydianin 10% (Samee 

et al. 2023). 

Milk thistle seeds are rich in saturated fatty acids. The 

seeds may be utilized to provide people with protein and 

edible oil. However, before suggesting the use of this oil for 

food, it might require thorough processing and refining 

(Khan et al. 2007). 

 

Chemistry and bioactive compounds of milk thistle 

 

S. marianum produces seeds rich in silymarin, a complex of 

flavonolignans and other polyphenolic compounds. The 

primary flavonolignans in silymarin include silybin, 

Table 1: Summarizing the mode of action of the primary bioactive compounds in milk thistle focusing on their therapeutic effects on the 

liver and mechanisms 

 
Compound Therapeutic Effect Mechanism of Action References 

Silybin  • Scavenges free radicals, reducing oxidative stress 

• Stabilizes hepatocyte membranes, preventing toxin penetration 

• Promotes liver cell regeneration by stimulating protein synthesis 

(Nasiri-Ansari and Kassi 2023) 

 Anti-inflammatory • Inhibits NF-κB, reducing pro-inflammatory cytokines and enzymes (Alvari et al. 2012) 

 Antifibrotic • Inhibits hepatic stellate cell transformation, reducing collagen deposition (Salvoza et al. 2022) 

Silydianin Hepatoprotective • Similar antioxidant and membrane-stabilizing effects as silybin (Nasiri-Ansari and Kassi 2023) 

 Antioxidant • Enhances endogenous antioxidant levels like glutathione (Riaz et al. 2023) 

Silychristin Hepatoprotective • Prevents lipid peroxidation, protecting liver cell membranes 

• Scavenges reactive oxygen species 

(Salvoza et al. 2022) 

Isosilybin Hepatoprotective • Similar hepatoprotective mechanisms as silybin 

• Promotes cell regeneration in liver tissues 

(Salvoza et al. 2022) 

Silymarin Complex Antioxidant • Enhances overall antioxidant defense, reducing oxidative damage (Riaz et al. 2023) 

 Antifibrotic •  Inhibits stellate cell activation, reducing liver fibrosis (Salvoza et al. 2022) 

  • Reduces inflammation by downregulating NF-κB and related cytokines (Alvari et al. 2012) 
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isosilybin (A and B), silydianin and silychristin. Silybin, the 

most abundant component, has a molecular formula of 

C25H22O10 and a molecular weight of 482.441 (Da) (Bijak 

2017). Silybin is a highly functionalized molecule with 

alternating carbocycles and heterocycles, making it resistant 

to reduction but easily oxidized to 2, 3-dehydrosilybin. It is 

stable under acidic conditions but unstable in the presence of 

Lewis acids or basic conditions. In neutral aqueous solutions, 

silybin behaves as a weak acid. It contains five hydroxyl 

groups, which can form esters, ethers, and ketones (in its 

enol form). The biosynthesis pathway of silybin is not fully 

understood. Biomimetic reactions suggest that silybin can be 

synthesized from coniferyl alcohol and taxifolin via 

peroxidase. Concentration profiles of silybin and its 

precursors, along with RNA-sequencing analysis, indicate 

that the amount of taxifolin and peroxidase activity is 

limiting factors in silybin biosynthesis. Among five 

peroxidase candidates, Ascorbate Peroxidase 1 showed 

significant activity in synthesizing silybin (Lv et al. 2017). 

Silymarin also contains a mixture of undefined polyphenolic 

compounds, often referred to as the "polymeric fraction". 

Additionally, the oil fraction, which includes linoleic, oleic 

and palmitic acids, sterols, tocopherol (vitamin E) and 

phospholipids, has not been fully explored (Chambers et al. 

2017). 

 

Mechanisms of action of milk thistle in liver disorders 

 

Silymarin, the active component in milk thistle, acts as a 

potent antioxidant, shielding the liver from harmful free 

radicals that can damage liver cells. Free radicals are 

unstable molecules that can target proteins, lipids, and other 

cellular components, causing cellular damage or destruction. 

Additionally, silymarin reduces inflammation within the 

liver by suppressing pro-inflammatory cytokines, which 

supports a healthier liver environment and prevents chronic 

inflammation from harming liver tissue over time as 

mentioned in Table 1 (Abenavoli et al. 2018). Milk thistle 

aids in liver cell repair and regeneration by encouraging the 

growth of new, healthier liver cells. This regenerative ability 

is crucial for healing liver damage caused by toxins, 

medications, or diseases. Furthermore, silymarin strengthens 

the outer membranes of liver cells, preventing harmful 

toxins from penetrating the liver and neutralizing liver cell 

damage caused by toxins, surpassing the antioxidant 

potency of Vitamin E. Milk thistle also contributes to 

protein synthesis, which is essential for maintaining liver 

function and ensuring the liver’s ability to perform 

metabolic processes efficiently. Additionally, it helps reduce 

fibrotic activity, which occurs when excessive scar tissue 

forms in the liver due to chronic damage, thus preserving 

liver function (Ball and Kowdley 2005). 

 

Effect of silymarin in the activity of liver enhancement 

 

Cirrhosis (chronic liver disease): Chronic liver disease 

cirrhosis is caused by the replacement of healthy liver tissue 

with scar tissue, which compromises the liver's ability to 

function. Various conditions, including autoimmune 

diseases, metabolic abnormalities, viral hepatitis, and 

alcohol addiction, can lead to cirrhosis. Complications from 

cirrhosis may include bleeding varices, ascites, hepatic 

encephalopathy, portal hypertension and liver cancer (Table 

2). According to the British Liver Trust, liver disease was 

the leading cause of death in midlife (ages 45 to 64), 

accounting for half of all deaths in England in 2020. 

Individuals aged 65 to 84 accounted for 35% of all deaths, 

while those aged 25 to 44 accounted for 11%, and those 

over 85 for 4% of all deaths. Less than 1% of deaths 

involved individuals younger than 25 (Asrani et al. 2019). 

Effect of silymarin on cirrhotic liver disease: The 

antioxidant properties of silymarin help protect liver cells 

from inflammation and oxidative damage (Saller et al. 

2007). Additionally, silymarin may modulate the activity of 

enzymes associated with cirrhosis and liver fibrosis as 

shown in Fig. 1–3 (Trappoliere et al. 2009; Gharagozloo et 

al. 2010; Li et al. 2012). 

Various clinical trials have demonstrated that silymarin 

improves liver function (Pelt et al. 2003) and reduces liver-

related mortality in patients with cirrhosis, particularly those 

with alcoholic or non-alcoholic fatty liver disease. Silymarin 

acts as a scavenger of free radicals and modulates enzymes 

associated with the development of cirrhosis, fibrosis, and 

cellular damage (Gillessen and Schmidt 2020). Clinical 

trials involving individuals with alcoholic or non-alcoholic 

fatty liver disease, including those with cirrhosis, have 

shown these hepatoprotective effects. A significant 

reduction in liver-related mortality was associated with 

silymarin treatment in a pooled analysis of trials involving 

patients with cirrhosis (Pellicoro et al. 2014; Gillessen and 

Schmidt 2020). Hepatic stellate cell (HSC) activation is a 

hallmark of hepatic fibrogenesis, resulting from persistent 

liver tissue injury. In animal models, silybin has been shown 

to possess anti-fibrogenic properties (Trappoliere et al. 

2009). 

 

Clinical trials showing the effect of silymarin on 

cirrhosis 

 

The effects of silymarin on individuals with NAFLD or 

cirrhosis at the advanced stage of liver fibrosis have been 

assessed in several clinical trials. Silymarin significantly 

reduced the serum levels of alanine aminotransferase (ALT) 

and aspartate aminotransferase (AST), markers of liver 

impairment, in individuals with non-alcoholic fatty liver 

disease (NAFLD), according to a meta-analysis of six trials 

(Ferenci 2016). Silymarin also improved liver function tests, 

histological indicators and quality of life in cirrhosis 

patients, according to another meta-analysis of nine trials. 

Furthermore, silymarin was shown to reduce insulin 

resistance and enhance glycemic control in patients with 

alcoholic cirrhosis and diabetes (Abenavoli et al. 2010). 
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The optimal dosage of silymarin for nonalcoholic fatty 

liver disease (NAFLD) or cirrhosis varies based on the type, 

stage, and severity of the illness. Throughout most of the 

clinical trials, dosages ranging from 140 to 420 mg daily for 

six to 24 months were administered using Eurosil 85®, a 

unique formulation of silymarin with good oral 

bioavailability. However, some research suggests that longer 

periods (up to 48 months) or higher doses (up to 700 mg 

daily) may be necessary for optimal results. Therefore, 

determining the ideal silymarin dosage for NAFLD or 

cirrhosis should be based on the patient's condition and 

response to therapy (Pradhan and Girish 2006). 

The published data assessed the effect of silymarin on 

the prognosis of patients with cirrhosis through a double-

blind, prospective, randomized trial design. With a median 

follow-up of 41 months, the trial included 170 patients with 

cirrhosis. Of these, 87 received silymarin 420 mg/day 

(alcoholic: 47, non-alcoholic: 40) and 83 received a placebo 

(alcoholic: 45, non-alcoholic: 38) for at least 24 months 

(Gillessen and Schmidt 2020). 

In the silymarin group, liver illness was the cause of 

16 out of 28 deaths, while in the placebo group, liver-related 

Table 2: Research evidence on the clinical use of milk thistle extracts for treating various liver diseases 

 
Etiology Liver disease stage Reference 

Viral hepatitis Acute, chronic, liver failure and cirrhosis  
Alcoholic liver disease Acute, chronic, liver failure and cirrhosis (Bijak 2017) 

Nonalcoholic liver disease Acute, chronic, and cirrhosis  

Cholestasis Pregnancy and nonpregnancy-related (Abenavoli et al. 2018) 

Drug‐ and toxin‐induced liver disease Acute, chronic, liver failure, and cirrhosis (Gillessen et al. 2020) 

Primary liver malignancy Hepatocellular carcinoma and cholangiocarcinoma  

 

 
 

Fig. 1: This diagram illustrates the comprehensive effects of Milk Thistle (Silybum marianum) on liver disease, detailing its mechanisms 

of action, benefits and therapeutic outcomes 
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diseases accounted for 32 out of 39 deaths. According to the 

study, patients received silymarin had a significantly higher 

4-year survival rate (58% vs. 39%) than those who received 

a placebo (P = 0.036). Subsequent analyses revealed that 

therapy decreased mortality in patients with less advanced 

cirrhosis (class A based on the Child-Turcotte criteria; P = 

0.03) as well as in patients with alcoholic cirrhosis (P = 

0.01) (Child and Turcotte 1964). 

 

Non-alcoholic fatty liver disease 

 

A disorder known as non-alcoholic fatty liver disease 

(NAFLD) is characterized by the accumulation of fat in the 

liver cells of individuals who do not consume excessive 

amounts of alcohol (Younossi et al. 2016). It is typically 

associated with obesity, insulin resistance, type 2 diabetes, 

elevated blood pressure and elevated cholesterol levels. 

NAFLD can progress from basic steatosis (fat buildup) to 

non-alcoholic steatohepatitis (NASH), which involves 

inflammation and destruction of liver cells. NASH can 

further lead to cirrhosis, resulting in permanent loss of liver 

function and fibrosis, characterized by scarring (Chalasani et 

al. 2018). 

The exact mechanism by which NAFLD causes liver 

damage remains unclear, but oxidative stress plays a 

significant role (Ore and Akinloye 2019). Other contributing 

factors include mitochondrial dysfunction, inflammation, 

apoptosis (cell death) and altered lipid metabolism (Wong 

and Ahmed 2014; Chen et al. 2017). These factors may 

trigger a cascade of events leading to cirrhosis, fibrosis, and 

liver damage (Hossain et al. 2016). 

 

Effect of silymarin in NAFLD and clinical trials 

 

Silymarin benefits patients with non-alcoholic fatty liver 

disease (NAFLD) by reducing liver fat accumulation (Yao 

et al. 2013), strengthening antioxidant defenses, lowering 

blood sugar and cholesterol, promoting insulin sensitivity, 

 
 

Fig.2: Succinctly illustrates the diverse therapeutic effects of Silybum marianum (milk thistle) on different systems in the human body 

 

 
 

Fig. 3: Therapeutic effects of active compounds from milk thistle on the liver health  
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reducing fibrosis, and delaying liver cell death (Abenavoli et 

al. 2011). Since the commercial version of silymarin 

(Eurosil 85®) at the recommended dosage of 420 mg/day 

did not show significant improvement in pilot testing, a 

clinical investigation was conducted with a larger dosage of 

silymarin to treat patients with NASH (Kim et al. 2012). 

Patients with biopsy-confirmed NASH received a 48-week 

course of treatment with a higher dosage of silymarin (2100 

mg/day), which was deemed safe based on earlier phase I 

research. The trial was randomized, double-blind, and 

placebo-controlled (Kheong et al. 2017). The silymarin and 

placebo groups did not significantly differ in terms of the 

primary endpoint, which was a ≥ 30% improvement from 

baseline in the NASH and NAFLD Activity Score (NAS) on 

liver biopsy; however, the silymarin group showed a 

significant improvement in fibrosis. Additionally, a greater 

number of patients in the silymarin group experienced either 

resolution or improvement of their fibrosis and there was a 

favorable change in liver stiffness (change in hepatic 

stiffness −0.7 vs. 6.0 kPa) in the silymarin group; however, 

these differences were not statistically significant. 

Noninvasive fibrosis markers (AST to platelet ratio index, 

fibrosis-4 score, and NAFLD fibrosis score) similarly 

improved in the silymarin-treated group but not in the 

placebo-treated group (Sorrentino et al. 2015). 

 

Liver oxidative injury 

 

When the liver is exposed to high concentrations of reactive 

oxygen species (ROS), which can damage cellular 

components and compromise liver function, the condition 

known as liver oxidative injury develops (Li et al. 2015; Ore 

and Akinloye 2019). Numerous factors, including alcohol 

intake, viral hepatitis, non-alcoholic steatohepatitis (NASH), 

medications, toxins, ischemia-reperfusion and 

inflammation, can contribute to liver oxidative injury. 

Hepatocellular carcinoma, cirrhosis, and liver fibrosis, all of 

which are significant global causes of morbidity and 

mortality, can result from liver oxidative stress. 

According to the World Health Organization (WHO), 

liver cirrhosis was responsible for around 771,000 deaths in 

2001, making it the 14th most common cause of death 

worldwide. Liver cirrhosis was predicted to rank as the 12th 

most common cause of death in 2020. In the US, cirrhosis 

or chronic liver disease accounted for 17 fatalities per 

100,000 people in 2019. Timely diagnosis and appropriate 

therapy are essential for addressing the significant health 

issue of liver oxidative damage to halt its progression and 

mitigate its consequences (Noel-Hudson et al. 1989). 

 

Effect of silymarin on liver oxidative injury and clinical 

trials 

 

A hepatoprotective substance called silymarin is extracted 

from milk thistle (Silybum marianum) seeds. It has been 

utilized for millennia to treat various liver conditions, 

including cirrhosis, drug-induced liver damage, non-

alcoholic fatty liver disease, and alcoholic liver disease. One 

of its primary modes of action is its ability to scavenge free 

radicals and reduce oxidative stress in liver cells. Oxidative 

stress, due to its capacity to promote lipid peroxidation, 

inflammation, fibrosis, and apoptosis, is a major contributor 

to liver damage. Silymarin can modulate the activity of 

several oxidative stress-related enzymes, including 

glutathione reductase, catalase, superoxide dismutase, and 

glutathione peroxidase. Additionally, silymarin can elevate 

the liver's levels of glutathione, an essential antioxidant 

molecule, thereby reducing oxidative stress, protecting the 

liver from further damage, and enhancing its regenerative 

capacity (Surai 2015). 

Ninety individuals with hypoxia were admitted to the 

hospital and studied. The patients ranged in age from 15 to 

89, with a mean age of 56.31 ± 20.01 years. Sixty-six 

percent of the patients were male, while the remaining 

thirty-four percent were female. There were no statistically 

significant differences between the age and gender 

distributions of the silymarin group and the placebo group 

(P = 0.656 for age and P = 0.5 for gender), indicating their 

similarity (Mayer et al. 2005). 

By comparing the mean and standard deviation of 

these data on the first and third treatment days in the 

silymarin and placebo groups, the impact of silymarin on 

WBC count and GGT level was evaluated. The findings 

showed that silymarin did not affect the WBC count since 

there was no significant difference in WBC count between 

the two groups on any day (P > 0.05). However, on the third 

day, there was a significant difference (P = 0.0001) in the 

GGT levels between the two groups; the silymarin group 

had lower GGT levels than the placebo group, indicating 

that silymarin had a beneficial effect on GGT. Moreover, a 

notable reduction in liver enzymes and GGT levels was 

observed in the silymarin group between the first and third 

days (P < 0.05), suggesting the advantageous impact of 

silymarin on liver function (Jiang et al. 2021). 

 

Anti-tuberculosis drug-induced liver injury 

 

Rare but potentially dangerous, drug-induced liver injury 

(DILI) can occur as a side effect of various anti-tuberculosis 

(TB) medications, leading to jaundice, liver damage and in 

rare cases, liver failure. Although the exact cause of DILI is 

unknown, it is believed to be linked to the liver's production 

of toxic metabolites during the breakdown of anti-TB 

medications. These compounds can trigger an 

immunological response that damages liver cells. Factors 

such as the type and dosage of anti-TB medications, 

duration of treatment, patient's genetic makeup, presence of 

other liver conditions, and alcohol consumption can all 

influence the risk of DILI (Gu et al. 2015). 

The three most common anti-TB medications 

associated with DILI are pyrazinamide, isoniazid, and 

rifampicin. Typically, these medications are used in 
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combination with ethambutol for the first two months of TB 

treatment, followed by rifampicin and isoniazid for an 

additional four months. The incidence of DILI from these 

medications varies depending on the population and 

terminology used but is generally estimated to be between 

14 and 19 per 100,000 patients receiving anti-TB 

medication. However, certain medications pose a higher risk 

than others. For example, the incidences of amoxicillin-

clavulanate (43 per 100,000), nitrofurantoin (73 per 

100,000), infliximab (675 per 100,000), and azathioprine 

(752 per 100,000) are higher (Zhong et al. 2021). 

DILI can manifest in various ways depending on the 

type and extent of liver damage. The predominant pattern is 

hepatocellular damage, primarily affecting liver cells and 

resulting in elevated levels of bilirubin and alanine 

aminotransferase (ALT). Another pattern is cholestatic 

damage, mainly affecting bile ducts and resulting in 

elevated levels of bilirubin and alkaline phosphatase (ALP) 

(Jiang et al. 2021). Additionally, a mixed pattern involving 

both cholestatic and hepatocellular damage may occur. 

Diagnosis of DILI relies on clinical criteria such as 

exclusion of other causes of liver injury, abnormal liver tests 

above thresholds, improvement or resolution of symptoms 

and liver tests after discontinuation of the medications, and a 

history of exposure to anti-TB treatments (Tostmann et al. 

2008). 

 

Effect of silymarin on DILI and clinical trials 

 

Due to its hepatoprotective, anti-inflammatory, and 

antioxidant properties, silymarin may protect the liver from 

the adverse effects of anti-tuberculosis (anti-TB) 

medications such as pyrazinamide, isoniazid and rifampicin. 

These medications are commonly used to treat tuberculosis, 

a chronic infectious disease caused by Mycobacterium 

tuberculosis. However, they can lead to drug-induced liver 

injury (DILI) in certain patients, resulting in jaundice, liver 

failure and hepatitis. DILI is one of the most dangerous side 

effects and a significant reason for the failure of tuberculosis 

treatment (Luangchosiri et al. 2015). 

The exact mechanism underlying silymarin's 

protective action against anti-TB drug-induced liver injury 

remains unknown, but several pathways may be involved. 

Silymarin may inhibit or reduce the formation of reactive 

metabolites of anti-TB medications, which can damage liver 

cells and cause oxidative stress. Additionally, silymarin may 

enhance the activity of antioxidant enzymes that scavenge 

free radicals and protect the liver from oxidative damage, 

such as glutathione peroxidase and superoxide dismutase. It 

may also regulate the expression of inflammatory cytokines 

that could induce inflammation and apoptosis in the liver, 

such as interleukin-6 and tumor necrosis factor-alpha. 

Silymarin might also prevent the activation of nuclear 

factor-kappa B, a transcription factor that regulates the 

expression of genes associated with fibrosis, apoptosis, and 

inflammation. Ultimately, silymarin may improve liver 

function and support liver cell regeneration (Shi et al. 2020). 

The effectiveness and safety of silymarin as a 

supplementary treatment for tuberculosis patients receiving 

anti-TB medications have been evaluated in multiple 

clinical trials. However, the outcomes are inconsistent and 

inconclusive. Some studies suggest that silymarin can 

improve liver function tests, shorten hospital stays and 

reduce the frequency and severity of DILI (Kren and 

Walterova 2005). 

In a study involving 4304 patients observed over 6–9 

months, 2752 patients (63.9%) used hepatoprotection as a 

prophylactic measure for a median of 183 days. The most 

commonly used primarily for liver health medications were 

inosine, glucurone, silymarin, and Hu Gan Pian (Traditional 

Chinese medicine). The incidence of anti-tuberculosis drug-

induced liver injury (ATLI) was 2.5% (37 patients) in the 

reference group and 2.4% (69 patients) in the preventative 

usage group. However, the use of hepatoprotection, 

including silymarin, did not significantly correlate with the 

incidence of ATLI (Wu et al. 2015). 

Regarding the incidence of DILI, liver enzyme levels, 

and treatment outcomes, silymarin and placebo groups did 

not significantly differ from each other in other studies. The 

inconsistent findings may be attributed to the heterogeneity 

of these trials concerning study design, sample size, dosage, 

duration of silymarin administration, criteria for diagnosing 

DILI, and outcome assessments. Therefore, more thorough, 

and carefully planned randomized controlled trials are 

needed to validate silymarin's therapeutic potential for liver 

impairment caused by anti-TB drugs. 

 

Viral hepatitis C 

 

The hepatitis C virus, transmitted through exposure to 

infected blood, causes viral hepatitis C, a liver infection 

(Alter 2007). The infection can vary in severity from mild to 

severe and may manifest as either acute or chronic. 

According to the World Health Organization (WHO), an 

estimated 1.5 million new cases of hepatitis C infections 

occur annually, with approximately 58 million individuals 

worldwide suffering from chronic hepatitis C infection. 

Serious complications of chronic hepatitis C include 

cirrhosis, liver cancer and liver failure. In 2019, about 

290,000 deaths were attributed to causes related to hepatitis 

C. However, direct-acting antiviral medications (DAAs) 

have demonstrated a cure rate exceeding 95% for the 

infection (Feld and Hoofnagle 2005). 

 

Effect of silymarin on hepatitis c and clinical trails 

 

Patients with hepatitis C may potentially benefit from 

silymarin's demonstrated anti-inflammatory, antioxidant, 

antiviral, and immunomodulatory properties (Freedman et 

al. 2011). Silymarin may contribute to increased longevity, 

improved liver function, and reduced viral load in hepatitis 

C patients. However, the optimal dosage, duration and 
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formulation of silymarin have not yet been established, and 

the evidence remains inconclusive. Moreover, silymarin 

may have adverse effects such as nausea, diarrhea and 

allergic reactions, in addition to potential interactions with 

several antiviral medications used in hepatitis C treatment, 

such as interferon and ribavirin (El-Kamary et al. 2009). 

Through comprehensive investigation into silymarin's 

hepatoprotective qualities, scientists have been able to 

elucidate a wide range of intricate molecular pathways that 

regulate its effects on liver health (Wagoner et al. 2010). 

Silymarin, a compound with multiple activities including 

antiviral, anti-inflammatory, immunomodulatory, and 

antioxidant properties, is derived from the milk thistle plant. 

The objective of this research is to delineate the complex 

effects of silymarin on the hepatitis C virus (HCV) and to 

provide insights into how it inhibits the virus at various 

stages of its life cycle (Koltai and Fliegel 2022). 

Significant discoveries include the effectiveness of 

silymarin in blocking HCV entry, fusion, RNA and protein 

synthesis and the generation of infectious virus particles 

(Ahmed-Belkacem et al. 2010). Silymarin inhibits HCV 

NS5B polymerase activity, while its derivative silibinin 

reacts differently. The study highlights the need to account 

for the compositional differences between natural silymarin 

and its water-soluble forms in commercial products when 

interpreting the results (Bonifaz et al. 2009). Silymarin's 

hydrophobic properties are being investigated as a potential 

factor in its antiviral activity, as they may interact with lipid 

bilayers to stabilize membranes and prevent fusion. 

Additionally, the impact of silymarin on lipid metabolism is 

highlighted, particularly its suppression of the activity of the 

microsomal triglyceride transfer protein (MTP), the 

secretion of apolipoprotein B (apo B) and the generation of 

infectious virus particles. The authors suggest that 

silymarin's influence may extend beyond HCV and 

potentially affect liver diseases not caused by viruses (Li et 

al. 2018). 

Despite variations observed between laboratory 

studies and clinical outcomes, the authors emphasize the 

need for further clinical and in vitro research to fully assess 

silymarin's hepatoprotective properties, metabolism and 

bioavailability. The following headings show the clinical 

trials that consider various delivery methods and 

preparations derived from silymarin. This comprehensive 

investigation not only elucidates the complex mechanisms 

of silymarin but also underscores its potential significance 

for liver disease research and therapeutic applications. 

 

Alcoholic fatty liver disease 

 

Alcoholic Fatty Liver Disease (AFLD) is a condition 

characterized by the accumulation of fat in liver cells due to 

excessive alcohol consumption (Armstrong and Guo 2019). 

While the exact cause of AFLD is not fully understood, 

several mechanisms contribute to its development, including 

decreased lipoprotein secretion, increased de novo 

lipogenesis, enhanced fatty acid uptake from circulation, 

and impaired fatty acid oxidation. Lipid peroxidation, 

oxidative stress, alcohol-induced inflammation, and 

acetaldehyde toxicity are mediators in these processes. 

AFLD can be reversed if alcohol consumption is avoided or 

moderated (Teschke 2018). 

Cirrhosis, the advanced stage of alcohol-related liver 

disease (ARLD), differs from AFLD. Cirrhosis is 

characterized by irreversible fibrosis and scarring of liver 

tissue, resulting in liver dysfunction, as well as other 

complications such as hepatocellular carcinoma, ascites, 

portal hypertension, variceal hemorrhage and hepatic 

encephalopathy. Alcoholic hepatitis, an acute liver 

inflammation triggered by excessive alcohol intake, often 

precedes the development of cirrhosis after years of chronic 

alcohol abuse. Various factors influence the mortality rate of 

AFLD, including the quantity and duration of alcohol 

consumption, the presence of other liver diseases, nutritional 

status, and genetic predisposition. Without control or 

cessation of alcohol consumption, AFLD can progress to 

more severe forms of ARLD. Particularly in cases of severe 

alcoholic hepatitis and cirrhosis, the mortality rate from 

ARLD is significant. A study in the UK revealed that the 5-

year survival rate for individuals with alcohol-related 

cirrhosis was 58%, whereas the rate for those with cirrhosis 

from other causes was 80% (Fan et al. 2019). 

 

Effect of silymarin on AFLD 

 

For centuries, hepatic ailments have been treated with 

silymarin, a complex mixture of polyphenolic compounds 

derived from milk thistle seeds. Thanks to its potent anti-

inflammatory and antioxidant properties, silymarin can 

shield liver cells from alcohol-induced oxidative stress and 

cytotoxicity (Song et al. 2006). Additionally, silymarin can 

enhance the liver's capacity for regeneration by modifying 

enzymes associated with fibrosis, cirrhosis, and cellular 

damage (Kwon et al. 2013). Numerous studies have 

demonstrated that silymarin helps alleviate liver dysfunction, 

improve glycemic control, and inhibit the binding and 

absorption of toxins into liver cells. Moreover, silymarin can 

regulate the permeability of mitochondrial and cell 

membranes, thus preventing cell damage. In alcoholic fatty 

liver disease, silymarin primarily functions by stabilizing 

hepatocyte membranes and scavenging free radicals (Noel-

Hudson et al. 1989; Akbari-Kordkheyli et al. 2019). 

Kwon et al. (2013) conducted a randomized controlled 

trial to evaluate the impact of an herbal extract called 

silymarin MZ-80 on oxidative stress and collagen synthesis 

in patients with alcoholic liver cirrhosis. Sixty consecutive 

individuals diagnosed with this condition were randomized 

to receive either silymarin MZ-80 (150 mg three times a day) 

or a placebo for six months. Serum levels of amino-terminal 

propeptide of procollagen Type III (PIIINP), platelet 

malondialdehyde (MDA) and erythrocyte total glutathione 

(GSH) were assessed at the beginning and end of treatment. 
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PIIINP is a biomarker of collagen synthesis indicating 

fibrosis progression, MDA reflects oxidative stress as a lipid 

peroxidation marker, and GSH is an antioxidant protecting 

cells from oxidative damage (Taleb et al. 2018). 

Compared to the placebo group, the treatment group 

showed significantly higher GSH levels and significantly 

lower MDA and PIIINP levels after treatment with 

silymarin MZ-80. These findings suggest that silymarin 

MZ-80 may benefit patients with alcoholic liver cirrhosis by 

reducing oxidative stress and inhibiting collagen production. 

However, routine liver tests such as blood transaminases, 

bilirubin, and albumin remained unchanged in both groups, 

indicating that these effects did not translate into 

improvements in these parameters. Further research is 

needed to confirm the therapeutic efficacy of silymarin MZ-

80, but the authors noted that it is well-tolerated and may 

have some protective effects on liver function in individuals 

with alcoholic liver cirrhosis (Muzes et al. 1990; Wadhwa et 

al. 2022). 
 

Conclusion 
 

Silymarin, derived from milk thistle seeds, has been 

utilized in treating various liver disorders such as cirrhosis, 

Non-Alcoholic Fatty Liver Disease, Alcoholic Fatty Liver 

Disease, Drug-Induced Liver Injury, and viral hepatitis C. 

Its hepatoprotective, antioxidant, and anti-inflammatory 

properties position it as a potential therapeutic agent for 

these conditions. Clinical trials had demonstrated 

silymarin's efficacy in improving liver function, reducing 

mortality, and exhibiting anti-fibrotic properties. Moreover, 

it shielded the liver from oxidative injury induced by 

reactive oxygen species. In cases of DILI, silymarin shown 

its effectiveness by providing hepatoprotection and 

lowering the risk of liver injury. In viral hepatitis C, it 

displayed anti-inflammatory, antioxidant, and antiviral 

characteristics. Nevertheless, uncertainties persist regarding 

the optimal dosage, duration, and formulation for treating 

hepatitis C with silymarin. 
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