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INTRODUCTION 

Since ancient times, the milk thistle has been used as 

medicine to treat condition affecting the liver, spleen, 

gallbladder, hepatitis and gallstones. Silybum marianum 

was also used as a bitter tonic and galactagogue to treat 

haemorrhoids, constipation, diabetes, hay fever, and 

varicose veins.
[1] 

C25H22O10 is the empirical formula 

for silymarin. The structural similarities between 

silymarin and steroid hormones are thought to be 

responsible for protein synthesis facilitator activity. 

Polyphenol, betaine, and essential fatty acids found in 

milk thistle seed may contribute to silymarin’s anti-

inflammatory and hepatoprotective properties.
[2]

  

 

Apart from the liver disease, silymarin effects have also 

been indicated in various illnesses of different organ such 

as prostate, lungs, central nervous system, kidneys, 

breast, pancreas and skin.
[3]

 Silymarin has ability to 

antagonize the toxin of Amanita phalloides (poisonous 

basidiomycete fungus).
[4]

 

 

The long-term effect of the use of milk thistle brings 

about the following side effects: allergy, insomnia, 

itching, bloating and diarrhoea. Because of the lack of 

conclusive findings on the safety of milk thistle, it is not 

advisable to be used by children and pregnant women 

and if it is to be used it must be recommended by doctor. 

 

 The general benefits of milk thistle are 

1. It provides safety for the liver against invading 

disease. 

2. It manages and slows down the deterioration of the 

brain processes due to advancing age. 

3. It contributes to the treatment of cancer 

4. It aids in increasing the breast milk production in 

lactating mothers. 

5. It helps in reducing the high sugar blood level of 

diabetic patients. 

 

Silybum marianum seeds have been utilized as a natural 

liver and bile duct remedy for 2000 years. Silymarin is a 

pharmacologically beneficial drug made up of four 
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primary components: silybin (50 to 60%), 

isosilybin(5%), silychristin(20%), and silydianin(10%).
[5]

  

Saturated fatty acids are abundant in milk thistle seeds. 

The seed has the potential to be used as a source of 

edible oil and protein for humans.  

 

 
Figure 1: Therapeutic effect of Milk Thistle. 

 

 Anti-oxidant properties of silymarin  
Reactive oxygen species (ROS), which are mostly linked 

to detoxification activities are spontaneous created in the 

liver as part of necessary metabolic reactions. Excessive 

fatty acid oxidation and exposure to high quantities of 

toxins, such as alcohol or hepatotoxic medication can 

result in aberrant ROS generation and the depletion of 

endogenous antioxidants. Hepatocytes, Kupffer cells, 

endothelial cells and inflammatory leukocytes, ethanol is 

known to encourage the generation of free radicals.
[6]

 

This imbalance referred to as oxidative stress has been 

linked to the onset of several liver conditions including 

liver fibrosis.
[7]

  

 

In vitro research has demonstrated that Silibinin has 

potent anti-ROS qualities including the capacity to 

scavenge peroxyl anions and hydroxyl, superoxide anion 

radicals, hypochlorous acid, and nitric oxide.
[8]

 It has 

been demonstrated that silibinin treatment reduces ROS 

production in Kupffer cells, silymarin the precursor to 

silibinin can increase glutathione production and hence 

increase liver tissue’ anti-oxidant properties.
[9]

 

 

In several different method silymarin protects liver cells. 

It prevents lipid peroxidation, which supports the 

maintenance of endogenous protective antioxidant 

glutathione levels and stabilize membrane 

permeability.
[10]

 Silymarin a natural flavonoid complex 

from milk thistle has been shown to inhibit the 

production of pro-inflammatory cytokines, such as TNF-

α, INF-ϒ, IL-2 and IL-4, which are crucial in the 

inflammatory cascade and immune response. This has 

significant therapeutic implications for hepatoprotection, 

as it shields against damage from harmful substances like 

carbon tetrachloride, which trigger oxidative stress and 

inflammation. Silymarin mechanism involves 

suppressing NF-kB activation, which regulates the 

expression of pro-inflammatory genes. This makes 

silymarin a promising candidate for addressing hepatic 

disorder linked to inflammation and oxidative stress.
[11]

 

 

The regulation of inflammation in the liver is achieved 

by inhibiting hepatic nuclear factor kappa B activation. 

Nuclear factor kappa B is a key transcription factor 

involved in inflammation, immune response and cell 

survival. It down regulates inflammatory mediators like 

interleukins, TNF-α which are involved in various 

diseases. NF-kB inhibition also modulates cellular 

signalling pathway such as the mitogen activated protein 

kinase (MAPK) pathway, potentially mitigating damage 

to cellular components. Therefore, targeting nuclear 

factor kappa B as a therapeutic strategy is crucial in 

hepatic inflammatory conditions.
[12]

  

 

Silymarin a natural compound from milk thistle plant has 

hepatoprotective mechanism that prevents the reception 

of xenobiotics, including toxic substances found in 

mushrooms, by hepatocyte surfaces. It inhibits organic 

ion uptake transporter, which facilitate the transport of 

substances across the membranes. This prevents harmful 

substances from entering hepatocytes, reducing the risk 

of cellular damage. Silymarin’s interference with these 

transporters is part of its broader hepatoprotective 

mechanism, contributing the overall defence against 

toxic insults.
[13]

 Silibinin is the major active constituents 

of silymarin, is renowned for its potent antioxidant 

effects, which involve scavenging reactive oxygen 

species (ROS) and inhibiting oxidative stress 
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pathways.
[14]

 These antioxidant properties are frequently 

cited as the primary drivers of silibinin’s 

hepatoprotective benefits. 

 

One of the mechanisms responsible for the decrease in 

oxidative stress is the protective effect of silymarin on 

mitochondrial structure and function. Silymarin protects 

mitochondria from pathological events by triggering pro-

survival cell signalling. For example, silymarin 

supplementation is shown is shown to optimize electron 

transport chain, decreasing electron leakage and ROS 

formation and directly reducing activities of ROS 

producing enzymes in the mitochondria.
[15]

 

 

Silibinin was evaluated for its protective effect against 

beta-adrenergic agonist isoproterenol-induced injury in 

cultured rat neonatal cardiac myocytes.
[16]

 It was shown 

that silibinin addition was associated with increased SOD 

activity and upregulated mitochondrial membrane 

potential and with a prevention of mitochondrial 

dysfunction and cell injury.
[17]

 

 

Cardiovascular illness, one of the most major causes of 

death worldwide, have also been linked to oxidative 

stress. According to the finding of the study, blood levels 

of free radicals in the group treated with milk thistle 

were lower than those in the group treated with 

Corynebacterium pseudotuberculosis. According to the 

findings, milk thistle’s antioxidant activity helps to 

prevent and treat oxidative stress. The antioxidant 

silymarin has been shown to protect against heart issues 

caused by oxidative stress caused by metals, anticancer 

medicines and environmental contaminants.
[18]

 Silymarin 

at 50 mg per kg orally avoided diabetes induced stress, 

raised insulin levels and later reduced glucose levels in 

diabetic rats by regenerating pancreatic cells.
[19]

 The 

inhibitory activity of PTP1B (protein tyrosine 

phosphatase 1B) has been found in flavonoids. These 

findings suggest that extraction of milk thistle seeds can 

be used as a promising anti-diabetic and anti-oxidant 

treatment.
[20]

 Extract of Silybum marianum L. was used 

to test the effect of enhancing memory.    

 

Toxin exposure can cause oxidative stress in hepatocytes, 

leading to the generation of reactive oxygen species 

(ROS) and oxidative stress. Silymarin, specifically 

silibinin, counteracts these harmful effects by preventing 

TNF-α development and exhibit antioxidant activities. 

  

 The role of silymarin in Mitigating Inflammation 

and Cognitive impairment Induced by 

Ovariectomy  
Estrogen is primarily produced in the ovaries and after 

menopause when their production stops estrogen levels 

in the bloodstream decrease drastically. This decrease in 

estrogen levels is significant because it can lead to an 

increased risk of chronic kidney disease, which is more 

frequently observed after menopause. Estrogen normally 

helps to reduce renal superoxide production and protect 

the kidneys from oxidative damage.
[21]

 The effects of 

menopause on oxidative stress and inflammation are 

particularly important in the field of osteoporosis 

because all these factors contribute to bone loss.
[22]

 

Estrogen which can cross blood brain barrier and are also 

endogenously produced in the brain from cholesterol 

have been shown to affect various aspects of 

mitochondrial function. Specially they modulate ATP and 

reactive oxygen species (ROS) production, oxidant 

defence, mitochondrial membrane potential and calcium 

levels.
[23,24]

 

 

Sex steroid such as estrogen can modulate behaviour, 

cognitive and memory. Estradiol a form of estrogen has a 

crucial trophic effect on memory and executive function 

in basal forebrain and hippocampus. Estrogens also 

mediate neurotransmitter interactions in the prefrontal 

cortex which is related to executive functions.
[25,26]

 

Specifically rats that underwent ovariectomy showed a 

significant increase in hydrogen peroxide production in 

liver mitochondria and peroxisomes, as well as a 

decrease in antioxidant enzyme activity.
[27]

 On the other 

way estrogen can protect against the progression of 

chronic liver diseases by reducing inflammation, 

improving mitochondrial functions and lowering 

oxidative stress levels.
[28]

 Milk thistle particularly its 

active compound silibinin can interact with estrogen 

levels and act as a weak estrogen agonist. Milk thistle 

contains silibinin which has been shown to bind to 

estrogen receptors, particularly Erβ and can exhibit 

estrogen like effect.
[29]
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Silymarin is a compound from milk thistle that has six 

flavonoid isomers, with silybin being most active.
[28,29]

 

Certain amounts of silymarin can lower the secretion of 

IL-1β and TNF-α, inhibit phosphorylation of p65 NF-kB 

and p38 MAPK (mitogen activated protein kinase), and 

block NF-kB activation by decreasing p65 subunit 

phosphorylation.
[30,31]

  

 

Luo et al. found that 1 month of ERT improved spatial 

learning capacity and myelin sheath in OVX rats. 

Another study found that silymarin injection also 

improved spatial learning capacity in OVX rats. These 

finding suggest that estrogen and silymarin injection may 

be effective in improving memory after menopause.
[32]

 

 

A study by Tao et al. showed that administration of 

ammonium ferric citrate to OVX rats resulted in 

decreased level of SOD2 and total antioxidant capacity 

and increased levels of MDA in serum. However, 

treatment with silymarin reduced oxidative stress in the 

serum of these rats. That’s why we can conclude that 

silymarin is able to reduce oxidative stress by decreasing 

MDA and increasing SOD2 levels.
[33]

 

 

 Anti-cancer activity of Silymarin  

Low cancer survival rates in developing nations could be 

caused by delayed diagnosis or ineffective therapy. The 

first observation of silymarin's possible benefits in cancer 

is the 1991 publication by Mehta and Moon.
[34]

 They 

demonstrated that silymarin could prevent cancer in mice 

mammary glands treated with tetradecanoylphorbol 

acetate (TPA) and dimethylbenzanthracene (DMBA). 

 

In a variety of frequently occurring epithelial cancer 

types, including those of the skin, gut, genital, and chest, 

silibinin has numerous strong chemopreventive and anti-

cancer therapeutic effects. A derivative of silibinin 

exhibits anti-cancer properties in prostate cancer.
[35]

 S. 

Marianum was used to cleanse and detoxify the body. 

Currently, it is used in studies on cancer. During and 

after chemotherapy, it is also used to reduce the risk of 

hepatotoxicity. Extract from Silybum marianum 

considerably lessens the harmful effects of 

radiodermatitis. One of the most effective medications 

for preventing cancer is the polyphenolic antioxidant that 

is extracted from silybum marianum.
[35]

 By interacting 

with cyclin-dependent kinase inhibitors like p15, p21, 

and p27, SM can stop the cell cycle in the G1/S phase. 

Additionally, SM inhibits flammable recordings and cell 

kinase, which are implicated in tumor cell invasion, 

metastasis, and proliferation. Milk thistle can also 

decrease cell proliferation by inhibiting the STAT3 and 

ERK1/2 signaling pathways. It also has an effect on the 

cogenesis and genetic expression of iNOS(inducible 

nitric oxide synthase) in cancerous cells, which results in 

caspase activation and apoptotic cell death.
[36]

  

 

Additionally, silymarin inhibits the cytosolic glutathione 

S-transferase in the rat liver, though this function does 

not directly suggest anticancer potential.
[37]

 Silymarin 

exhibits anti-inflammatory properties comparable to 

indomethacin, scavenges reactive oxygen species, 

inhibits the metabolism of arachidonic acid in human 

cells, and shields skin from UV rays and carcinogens.
[38]

 

Scambia et al.examined silymarin's antiproliferative 

properties on human ovarian and breast cancer cell lines 

and discovered that it inhibited their growth.
[39]

 

=> Silymarin Synergizes with Anticancer Drugs to 

Induce Apoptosis <= 

 

Drug toxicity and chemo-resistance are decreased by 

interactions between silibinin and other medications in 

several anti-cancer treatments.
[40]

 Combination of 

silymarin with paclitaxel has a synergistic effect that can 

i) raise the Bax/Bcl-2 ratio by inhibiting the expression 

of the Bcl-2 gene in gastric and prostate cancer cell 

lines.
[41,42]

 Combinations of silibinin with platinum 

compounds, such as cisplatin, carboplatin, and 

oxidovanadium complex, were similarly successful in 

triggering apoptosis.
[47,48]

 A combination of doxorubicin 

and silibinin that works together to trigger and stop the 

cell cycle during the G2/M phase can also work together 

to increase apoptosis in lung tumor cells
[44]

, prostate 

cancer cells
[46]

, breast cancer cells
[45]

, and hepatoma 

cells.
[43]
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Silymarin coadministered with chemotherapeutic drugs 

has the ability to reduce toxicity in normal organs. It 

protects adults and children receiving leukemia treatment 

from the liver and renal toxicity brought on by 

methotrexate.
[49,50]

 Silibinin reduced the nephrotoxicity 

of cisplatin without compromising its antitumoral 

efficacy.
[51]

 Despite being less effective than quercetin in 

this regard, it shields the heart from doxorubicin 

toxicity.
[52]

 Silymarin reduced docetaxel central and 

peripheral neurotoxicity.
[53]

 Silymarin reduced 

hepatotoxicity in patients with nonmetastatic breast 

cancer receiving doxorubicin/cyclophosphamide 

paclitaxel.
[54]

 

 

 The Therapeutic Potential of Milk Thistle in 

Diabetes 

Diabetes (DMT2) is an endocrine system metabolic 

disorder in which insulin resistance created to regulate 

glucose uptake into insulin dependent tissues, as well as 

hyperinsulinemia excess eliminating glucose intolerance. 

Because DMT2 is linked to an increased risk of heart 

disease.
[55]

 

 

A randomized controlled trial tested milk thistle on 

people with type II diabetes.  

 

The study involved 40 diabetic adults, aged 25-50, who 

were on anti-diabetic medications. They were given 

either a pill containing 140 mg of silymarin (an extract of 

milk thistle), or a placebo, three times daily for 45 

days.
[56] 

 

Compared with the placebo, milk thistle extract
[56]

 

 Reduced fasting blood sugar by 11%, 

 Reduced blood insulin levels by 14%, 

 Reduced insulin resistance, when cells ignore 

insulin’s signal to remove sugar from the blood, 

by 26%, 

 Reduced triglyceride levels by 24%, 

 Raised HDL (―good‖) cholesterol by 7%, 

 Reduced the triglyceride-to-HDL ratio by 28% 

 Increased insulin sensitivity, how well cells respond 

to insulin, by over 5.5%. 

 

Several studies have proposed the hepatoprotective 

effects of silymarin on diabetes.
[57]

 These medications 

reduce MDA (a final lipid-oxidized product) and raise 

SOD (an antioxidant enzyme) levels in rats with non-

alcoholic fatty liver disease (NAFLD). Its antioxidant 

action may contribute to this effect. Milk thistle also 

effectively protected the liver from lipid accumulation 

and severe hepatic changes. 

 

The development of human islet amyloid polypeptide 

deposits in pancreatic beta-cells is a critical factor in the 

declining ability to produce insulin in the great majority 

of patients with type 2 diabetes. Through the inhibition 

of fibrillation, enhancement of oligomerization, and 

reduction of beta-cell cytotoxicity of human islet 

amyloid polypeptide (hIAPP) in a dose-dependent 

manner, silibin appears to be able to increase the viability 

of pancreatic beta-cells.
[58]

 Silibin has been demonstrated 

to reduce hepatic glucolysis via inhibiting pyruvate 

kinase (PK) and lowering DHA phosphorylation, both of 

which are caused by a drop in ATP levels. The entire 

antioxidant capacity is unlocked at concentrations 

between 25 μM and 100 μM. Silibin suppresses ROS 

generation due to DHA metabolism even at a low dose of 

10 Μm.
[59]

 

 

Prior studies have demonstrated that, in comparison to its 

traditional variation, the use of silibin nanoparticles 

significantly increases its hypoglycemic effect in STZ-

induced diabetic mice. Additionally, as compared to 

animals treated with traditional silibin, the levels of 

HbA1c, insulin, cholesterol, triglycerides, liver enzyme 

levels, and antioxidant status parameters (such as 

glutathion (GSH), catalase, and superoxide dismutase 

(SOD)) are comparable to those of healthy controls. 

Another study found that silimarin was effective in 

bringing the levels of SOD, glutathione peroxidase 

(GSHPx), and catalase (CAT) back to levels comparable 

to the control group. This suggests that silimarin is a 

free-radical scavenger that can shield the pancreas from 

additional harm caused by alloxan.
[60,61]

 

 

 Role of silymarin in Viral Hepatitis   

The potential of silymarin as a supportive treatment for 

viral hepatitis has been limited by the availability of safe 

and effective direct antiviral medications. However, 

silymarin may benefit those with acute or chronic 

hepatitis, according to a number of studies. Since 

silymarin is only authorized for liver support and not for 

the direct treatment of viral hepatitis, this distinction is 

crucial. For the HALT-C trial, patients with advanced 

fibrosis or cirrhosis who had not responded to traditional 

treatment supplied baseline data on silymarin use.
[62,63]

 

At the time of the baseline assessment, 16% of the 1049 

patients had been using silymarin for an average of 35 

months, and 16% had previously taken it for an average 

of 6 months. Although silymarin had no effect on clinical 

outcomes, its use was significantly associated with a later 

onset of histologic liver disease, as seen by lower levels 

of hepatic collagen in biopsies.
[64,65]

 

 

In another study, low-dose multivitamin supplements or 

the commercial silymarin formulation (Eurosil 85®) 

were used to treat Egyptian patients with chronic 

hepatitis C. Both groups' weight loss and fatigue 

symptoms had considerably improved from the start at 

the 12-month follow-up. After using silymarin, patients 

experienced significant relief from their heartburn and 

nausea symptoms. The silymarin group saw fewer cases 

of jaundice and black urine, while the difference was not 

statistically significant.
[66]

  

 

The Eurosil 85® silymarin formulation significantly 

reduced symptoms in an 8-week randomized, placebo-

controlled investigation of acute viral hepatitis patients in 

Egypt. Patients who received silymarin saw a quicker 

https://www.lifeextension.com/protocols/heart-circulatory/cholesterol-management
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resolution of biliary retention symptoms, including dark 

urine, jaundice, and scleral icterus, in comparison to 

those who got a placebo. 

 

Indirect bilirubin levels in silymarin recipients were 

significantly decreased at day 56. Nevertheless, no 

discernible variations in any hepatocellular damage 

markers were found across the groups.
[67]

 

 

Numerous research has looked into silymarin's possible 

synergistic benefits when used with traditional antiviral 

medications. Sbstances like interferon. Although initial 

results point to a potential additive advantage, further 

extensive, carefully planned studies are required to 

provide definitive confirmation of these findings. 

 

The use of silymarin for viral hepatitis has not received 

much attention because direct antiviral medications are 

now readily available; however, our findings suggest that 

silymarin could be helpful in supportive therapy. 

 

 Role of silymarin in Renal protection  

The impact of silymarin has been examined in rat models 

of diabetes mellitus produced by alloxan. Renal tissue is 

harmed by reactive oxygen species (H2O2, O2, and OH) 

produced by alloxan.
[68,69]

 Twenty days following a nine-

week course of alloxan, silymarin was administered, and 

it effectively treated the kidney tissue damage. It exerts 

anti-oxidant effects via increasing the expression of 

genes for antioxidant enzymes and other crucial 

protective defences against damage from free radicals 

that include catalase, glutathione peroxidase, and 

superoxide dismutase. Thus, silymarin may be utilized as 

a medication to treat diabetic nephropathy.
[70]

 Glomerular 

filtration is reduced by oxidative stress (ROS). Vitamin E 

or silymarin treatment improved the change in serum 

creatinine. amounts in the dogs treated with 

gentamicin.
[71]

  

 

According to study, silybin has been shown to be useful 

in preventing free oxygen radical damage to tubular 

epithelium during cold ischemia and the reperfusion 

phase of renal transplants. Another study indicates that 

silymarin has a protective effect against toxicity caused 

by tacrolimus.
[72]

 Furthermore, the kidney damage 

caused by paracetamol, cisplatin, vincristine, 

vancomycin, colistin, and diclofenac was well prevented 

by silybin and/or silymarin.
[73,74]

 

 

A few studies have demonstrated silymarin's potential 

effectiveness in treating diabetic nephropathy. Silymarin 

has also been found to be effective in reducing 

proteinuria in type 2 diabetes.
[75]

 This reduction in 

proteinuria was related to antioxidant and anti-

inflammatory effects of silymarin.
[76-83]

 The impact of 

adding silymarin to renin-angiotensin system inhibitors 

on proteinuria in individuals with type 2 diabetes who 

had overt nephropathy was examined by Fallahzadeh et 

al. This study found that silymarin may lower the amount 

of albumin, TNF-α, and malondialdehyde excreted in the 

urine of patients with diabetic kidney disease.
[84]

 

Therefore, in addition to regulating metformin blood 

sugar, a combination of silymarin, renin-angiotensin 

system inhibitors, and angiotensin receptor blockers may 

have additive kidney protective properties to prevent or 

stop the onset of diabetic nephropathy. 

 

Silymarin & cisplatin 

According to another study, silymarin reduces cisplatin's 

nephrotoxic effects without lowering its anti-tumour 

activity. When silymarin was given before to cisplatin, 

its reno-protective were more noticeable.
[85]

 

 

Silymarin and doxorubicin  

Doxorubicin, an anthracycline, is widely used to manage 

several malignancies, mainly Hodgkin lymphoma and 

breast cancer. El-Shitany's research revealed that male 

Albino rats given a single intraperitoneal dose of 10 

mg/kg of doxorubicin experienced nephrotoxicity. 

Doxorubicin significantly raised the levels of plasma 

creatinine, urea, LDH, and creatine phosphokinase 

(CPK). One month following the treatment of 

doxorubicin, microscopic analysis of the kidneys 

revealed tubular congestion, tubular cast, and interstitial 

glomerular congestion with broad Bowman's space, 

proximal tubular degeneration, vascular tubular 

degeneration, and bleeding. A group of rats received 50 

mg/kg of silymarin as a pretreatment one week prior to 

receiving an injection of doxorubicin, and then every day 

after that for revealed a significant decrease in plasma 

CPK and LDH after one month, by 82% and 43%, 

respectively, in comparison to the group that received 

doxorubicin treatment. 

 

The creation of an iron-doxorubicin complex, which 

produces free radicals and ROS and oxidatively damages 

lipid membranes and cellular components, was suggested 

to be the cause of doxorubicin-induced nephrotoxicity. 

Because silymarin has antioxidant and ROS-scavenging 

qualities, it may be able to reverse this damage. 

Silymarin may counteract this damage through its 

antioxidant and ROS scavenging properties.
[86]

 

 

Silymarin and Acetaminophen - Induced 

Nephrotoxicity 

The powerful analgesic acetaminophen may cause 

adverse effects on the kidneys, particularly in cases of 

chronic interstitial nephritis.
[87]

 The effects of milk thistle 

on nephrotoxicity brought on by a single IP dose of 750 

mg/kg were assessed by Ramachandran et al. Male 

Wistar albino rats given acetaminophen. Silymarin was 

employed as a common reno protection agent in this 

investigation. Oral silymarin administrations at a 50 

mg/kg dosage significantly improved kidney function. 

Antioxidant activity markers such glutathione 

peroxidase, catalase, and superoxide dismutase showed a 

little decline and remained within almost normal levels 

in the silymarin-treated animal group.
[88]
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 Potential therapeutic effects of milk thistle in eye 

diseases 

Eye diseases have become a significant public health 

concern worldwide, with increasing prevalence and 

burden on healthcare systems.
[89]

 As the population ages 

and lifestyles change, it is anticipated that the prevalence 

of eye conditions such cataracts, age-related macular 

degeneration (AMD), and glaucoma would rise.
[90]

  

 

It has been discovered that the different bioactive 

substances present in Silybum marianum offer a variety 

of possible therapeutic benefits. For instance, silymarin 

may have anti-inflammatory properties by lowering the 

expression of inflammatory mediators and preventing the 

synthesis of pro-inflammatory cytokines.
[91]

 By 

scavenging free radicals and guarding against oxidative 

stress, it has also been shown to have antioxidant 

benefits. Because of these characteristics, Silybum 

Marianum is a desirable option for treating a number of 

illnesses, particularly those affecting the eyes.
[92]

 

Traditional Chinese medicine holds that the liver and 

eyes are related, and that the liver's bile drainage 

promotes blood detoxification, which benefits the eyes. 

Silymarin is also considered by Ayurveda as a remedy 

for yellowish sclera, which might result from liver 

failure.
[93]

  

 

Shen et al. investigated the potential benefits of silymarin 

on retinal ganglion cell models of glaucoma. By 

comparing the levels of certain apoptotic markers in cells 

exposed to blue light with and without silymarin, the 

study examined the impact of silymarin on blue light-

induced apoptosis in retinal ganglion cells. The findings 

suggested that silymarin might be used to treat 

glaucoma.
[94]

  

 

Another study by Lin et al. looked for various indicators 

of AMD in rats in order to examine the impact of 

silibinin on AMD. The findings suggested that silibinin 

may help treat AMD and stop retinal edema and 

neovascularization by in vivo VEGF and hypoxia.
[95]

 

 

Goswami et al. conducted an ex vivo study on corneas 

extracted from rabbits and demonstrated that silymarin 

may be helpful in the case of vesicant-inflicted ocular 

injury, but the treatment should be carried out on time, 

not too late after exposure to nitrogen mustard.
[96]

 

 

 
 

Glaucoma => TNF (Tumor Necrosis factor) -alpha plays 

a role in glaucoma, as does oxidative stress, silymarin 

supress TNF-alpha activation and blocked oxidative 

stress.  One study showed that silymarin inhibited glial 

cell proliferation in CNS cells. Glial cell hyperactivation 

is known to underlie the optic nerve damage in 

glaucoma. 

 

Cataract => According to qualitative analyses, 

silymarin has a faint positive effect on cataract in 

diabetic rats.
[97]

 In another in vitro study, silymarin 

significantly suppressed the progression of cataract in 

rats by reducing oxidative stress.
[98]

 

 

Diabetic Retinopathy => Silymarin improved glucose 

and lipid profiles, scavenged reactive oxygen species, 

and inhibited proinflammatory cytokines production.
[99]

 

Therefore, silymarin may be useful to prevent diabetic 

complications. 

 

Conjunctivitis => Silymarin can inhibit certain 

inflammatory signalling pathways, calming excessive 

inflammation in ocular tissues. 
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Pharmacological activity related to ocular disease  

Several pharmacological activities of Silybum marianum 

have been identified that may be beneficial in the 

treatment of ocular diseases. A promising one is its anti-

VEGF (Vascular Endothelial Growth Factor) activity.
[100]

 

VEGF is a critical factor in the pathogenesis of various 

ocular diseases, including AMD (Age Related Macular 

Degeneration) and diabetic retinopathy. According to 

studies, silymarin can prevent eyesight loss by lowering 

neovascularization and VEGF synthesis and activity.
[101]

  

 

Additionally, Silybum marianum has been shown to 

possess antibacterial qualities, which may make it 

helpful in the management of eye infections.
[102]

 

Research has demonstrated that silymarin exhibits broad-

spectrum antibacterial activity against a variety of 

bacteria, such as Pseudomonas aeruginosa and 

Staphylococcus aureus, which are frequently linked to 

ocular infections.
[103]

 Silybum marianum has strong anti-

inflammatory properties that may help treat a number of 

eye conditions, such as uveitis and "dry eye 

syndrome‖.
[104]

 Silybum marianum has strong 

antioxidant qualities that could help treat conditions of 

the eyes, such as AMD and cataracts.
[105]

 Silymarin helps 

prevent eyesight loss by scavenging free radicals and 

guarding against oxidative stress, which lessens retinal 

cell damage.
[106]

 Overall, the pharmacological activities 

of Silybum marianum make it a promising candidate for 

the treatment of various ocular diseases, and further 

research is warranted to explore its potential therapeutic 

benefits Silybum marianum appears to be a safe and 

well-tolerated medication, but patients should always 

consult with their healthcare provider before starting any 

new medication or supplement.
[107]

  

 

Overall, the potential therapeutic effects of Silybum 

marianum in the treatment of ocular diseases are 

promising, but further research is needed to establish its 

efficacy and safety in this context. With more research, 

Silybum marianum could prove to be a valuable addition 

to the treatment options available for ocular diseases. 

 

֎ Anti-Parkinson Potential of Silymarin 

One of the most common neurodegenerative diseases in 

the world is Parkinson's disease. The cause of 

Parkinson's disease is nigrostriatal pathway malfunction 

leading to the death of dopaminergic neurons in the 

Substantia Nigra pars compacta (SNc).
[108]

 There are 

currently no effective treatments for this illness; yet, 

dopaminergic drugs are still utilized for the principal 

treatment for Parkinson's disease that aims to reduce 

motor symptoms.
[108]

 The available medications that are 

currently in practice for management of PD include 

levodopa, dopamine agonists (ropinirole, bromocriptine, 

cabergoline), MAOIs (selegiline), amantadine, 

anticholinergics (trihexyphenidyl), carbidopa, and 

entacapone.
[109]

  

 

Many in vitro and in vivo studies have disclosed 

potential neuroprotective properties of silymarin using 

several models of Parkinson's Disease.
[110]

 Major 

processes linked to silymarin's antioxidant properties 

include scavenging free radicals, increasing cellular 

glutathione levels, and enhancing superoxide dismutase 

activity. Silymarin has neuroprotective properties 

through oxidative stress suppression, and it can be used 

to treat neurodegenerative conditions such traumatic 

brain injury, Parkinson's disease, and Alzheimer's 

disease.
[111]

 According to reports, silymarin reduces 

damage to dopaminergic neurons by preventing 

microglia from activating and by preventing the 

production of inflammatory mediators including NO and 

tumor necrosis factor-alpha (TNF-α).
[112]

 According to 

reports, silymarin preserved dopaminergic neurons and 

reduced SN apoptosis, maintaining striatal dopamine 

levels. The antiapoptotic effect of silymarin is because of 

the suppression of protein P-p53, Bax, and caspase-9 

expression.
[113]

 Research connected these effects to 

silymarin's anti-inflammatory and antioxidant 

properties.
[114]

 Silybum marianum, having the restored 

DA content and also preserved TH-positive neurons in 

the SN.
[113]

 It has been also documented from some 

studies that silymarin reduces level of α-synuclein 

protein and increasing dopamine level.
[115]

 

 

Furthermore, silibinin, the primary active component of 

silymarin and another flavonoid, has demonstrated very 

positive antiparkinsonian effects in PD by boosting the 

TH (Tyrosine hydroxylate)-positive fibers, preventing 

MMP disruption, and reducing the cell death of 

dopaminergic neurons in the ST and SN.
[116]

  

 

Anti-Parkinson’s targets of silymarin 

→ By acting through inhibition of neuroinflammation
[117]

 

→ Inhibition of CYP 2E1 expression leads to free radical 

formation
[118]

 

→ Prevention of oxidative stress
[118]

 

→ It maintains mitochondrial integrity and function and 

inhibits mitochondrial apoptotic pathway.
[119]

 

→ Modulation of estrogen receptors. 

 

The binding affinity of silymarin for estrogen receptor β 

in CNS regions has also been reported. Estrogen 

attenuates toxin-induced neurotoxicity, prevents lipid 

peroxidation, acting synergistically with antioxidants 

such as glutathione.
[120]

 

 

֎ Silymarin – promising pharmacological agent to 

treat Polycystic Ovary Syndrome 

The imbalance between pro-oxidants and antioxidants 

may be the cause of female pregnancy problems like 

infertility, endometriosis, PCOS, preeclampsia, abortion, 

and miscarriage.
[121]

 The anti-angiogenesis properties of 

silymarin decrease follicular cell proliferation, which 

lowers testosterone synthesis, and raise corpus luteum 

because progesterone hormone levels rise.
[122]

 In addition 

to lowering testosterone levels, silymarin has 

hepatoprotective properties, can boost the synthesis of 

SHBG protein, and inhibits inflammation and 

cyclooxygenase (COX) by decreasing cysts.
[122,123]
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Silymarin lowers blood glucose levels, inhibits 

gluconeogenesis, and affects glucose 6-phosphatase, all 

of which reduce PCOS symptoms. By blocking 

cyclooxygenase-2 (COX-2) and lipoxygenase, silymarin 

lowers inflammation in PCOS and has a positive effect 

on lowering blood glucose levels by reducing oxidative 

stress.
[122,123]

  

 

The impact of silymarin on PCOS in rats produced by 

estradiol valerate was examined in a 2014 study by 

Nebuni et al. Rats were given silymarin at doses of 20 

mg/kg, 50 mg/kg, 100 mg/kg, 200 mg/kg, and 300 mg/kg 

for 14 days in this investigation.
[123]

 According to 

reports, the group that received silymarin treatment 

experienced a drop in body weight, abdominal 

circumference, and the quantity and size of cysts. They 

found no cysts at high dosages (300 mg/kg), which may 

be because silymarin has anti-inflammatory 

qualities.  Different doses of silymarin had positive 

effects such as a decrease in estradiol, testosterone, and 

LH and a significant increase in FSH and progesterone 

hormones due to the appearance of corpus luteum cysts 

in the ovary.
[124]

 According to the encouraging results of 

earlier studies, milk thistle seeds could be a useful tactic 

to address the several PCOS issues, including IR, 

dyslipidemia, oxidative stress, and inflammation. 

 

֎ Effect of Silymarin on Ulcerative Colitis 

Ulcerative colitis is a chronic inflammatory bowel 

disease. This can be treated with antioxidant and anti-

inflammatory compounds. Acetic acid-induced colitis in 

rats has been successfully treated with silymarin doses of 

50 mg and 100 mg per kg. The treatment of 100 mg/kg 

of silymarin has been shown to minimize macroscopic 

damage, crypt damage, and inflammation.
[125] 

 

Silymarin's beneficial effects were assessed in the 

randomized clinical research on patients with ulcerative 

colitis. Silymarin was prescribed to them as part of their 

regular treatment; six months later, the oral dosage was 

reduced to 140 mg per day. High dosages of silymarin 

can cause headaches, diarrhoea, nausea, and vomiting. 

These adverse symptoms were transient, but there were 

no hazardous or dangerous side effects.
[126]

 The 

nanosilymarin medication for colitis patients was 

developed by Hoseini et al. Rats with ulcerative colitis 

were used in their experiments. They gave rats with 

ulcerative colitis oral doses of 50, 100, and 200 mg/kg of 

nano silymarin for 14 days. The findings show that by 

blocking the TLR4/NFκB molecular pathway, 

nanosilymarin decreased colon inflammation in rats.
[127]

 

 

Silymarin's limited solubility results in low 

bioavailability despite its potential pharmacological 

action. Therefore, the pharmacokinetic properties of 

silymarin are also a focus of this review. 

 

Absorption and metabolism of silymarin 

Silymarin has oral absorption only about 23-47% and 

quick phase II conjugation, leading to poor bio-

availability.
[128]

 Silymarin suffers from low 

bioavailability due to poor water solubility.
[128]

 However, 

efflux transporters on the apical side of the intestinal 

epithelium further throttled the absorption of silymarin. 

 

The Caco-2 cell monolayer model was used to 

investigate the intestinal absorption of silybin.
[129]

 The 

measure mean-efflux ratios of silybin A and silybin B 

were 5.05 and 4.62, respectively, indicating an active 

transport mechanism. Moreover, MK571 (a multidrug 

resistance associated protein (MRP2)-specific inhibitor) 

significantly decreased the efflux ration of silybin, while 

Ko143 (a breast cancer resistance protein (BCRP)-

specific inhibitor) and cyclosporin A were less potent, 

suggesting that intestinal efflux of silybin is mediated by 

MRPs and possibly BCRP. Studies carried out with 

Madin-Darby canine kidney cells II (MDCKII) lines 

overexpressing transporter and a sandwich culture 

hepatocyte model confirmed that the transporters 

involved in the absorption and excretion of silybin are 

MRP2 and BCRP, but not P-bp.
[129]

 

 

The Caco-2 cell monolayer model was used to 

investigate the intestinal absorption of silybin.
[129]

 The 

measure mean-efflux ratios of silybin A and silybin B 

were 5.05 and 4.62, respectively, indicating an active 

transport mechanism. Moreover, MK571 (a multidrug 

resistance associated protein (MRP2)-specific inhibitor) 

significantly decreased the efflux ration of silybin, while 

Ko143 (a breast cancer resistance protein (BCRP)-

specific inhibitor) and cyclosporin A were less potent, 

suggesting that intestinal efflux of silybin is mediated by 

MRPs and possibly BCRP. Studies carried out with 

Madin-Darby canine kidney cells II (MDCKII) lines 

overexpressing transporter and a sandwich culture 

hepatocyte model confirmed that the transporters 

involved in the absorption and excretion of silybin are 

MRP2 and BCRP, but not P-bp.
[129]

 The rapid and 

extensive phase II metabolism of silybin has been 

considered as the major reason contributing to its low 

bioavailability. 

 

֎ Formulation Strategies for Enhancing the 

Bioavailability of Silymarin 

A renowned hepatoprotective, antioxidant, antiviral, and 

anticancer medication, silymarin has several drawbacks, 

including poor water solubility, ineffective intestinal 

absorption, the presence of several components, and a 

higher metabolism. Experts in the fields of colloidal and 

pharmaceutical sciences have been working to propose 

silymarin-based formulations with improved stability and 

solubility, increased bioavailability, and effective 

therapeutic performances, as evidenced by an increasing 

number of scientific reports in the literature.
[130,131]

 

Researchers may now use a variety of solubilization 

techniques to entrap silymarin and other weakly water-

soluble active plant components in aqueous 

nanovesicle.
[132]

 For example, an effective 

nanoencapsulation makes it possible for phenolics and 

antioxidants to passively enter the lymphatic and blood 
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circulatory systems from the intestinal lumen, 

significantly increasing their bioavailability.
[133,134]

 As a 

result, silymarin-based formulations have started to be 

made using cutting-edge methods and have been shown 

to improve their therapeutic efficacy against a number of 

illnesses.
[135] 

Formulation Strategies Designed to Improve the 

Bioavailability of Silymarin  

Many formulations have been created to increase 

silymarin's solubility and bioavailability; the majority of 

these formulations are primarily intended for oral use. 

 

 
 

1. Lipid-based Formulations 

Lipid-based formulations, which involve incorporating 

the active lipophilic component into inert lipid vehicles, 

are used to increase the oral bioavailability of drug 

compounds that are poorly soluble in water. These 

formulations include oils, surfactant dispersions, pro 

liposomes and liposomes, solid lipid nanoparticles and 

lipid nanocarriers, micro- or nano emulsions, and self-

emulsifying formulations. These lipid formulations can 

be broadly divided into two groups, namely, liquid oil-

in-water (O/W) emulsions (LEs) and solid lipid 

nanoparticles (SLNs). SLNs are novel lipid-based 

formulations which are constituted exclusively of 

biodegradable lipids such as highly purified triglycerides, 

monoglycerides, hard fats, complex glyceride mixtures 

or even waxes, which are solid at physiological 

temperature.
[135]

 

 

2. Micro- and Nano Emulsions 

For oral or topical administration, the formulations based 

on both microemulsion and nano emulsion techniques 

are made using food-acceptable or generally recognized 

as safe (GRAS) ingredients to improve the permeability 

of silymarin and boost solubility and stability. For 

example, O/W microemulsions were formulated to 

incorporate 2% w/w of Silymarin as a potential dermal 

delivery system.
[136]

 According to a recent study, a 

commercial SLM extract could be fully dissolved at a 

dosage of 40 mg/mL in a nano emulsion made with 2.5 g 

of Cremophor® EL/Labrafil® as the 

surfactant/cosurfactant mixture and 2.5 g of Labrasol® 

(20%) as the oil phase. a ratio of 1.5:1, with 60% of the 

remaining mass being deionized water.
[137]

  

 

 

 

3. Polymer-based Nanocarriers 

Researchers have developed a number of methods in the 

literature to effectively encapsulate Silymarin in 

biocompatible and biodegradable polymeric nano 

systems, including solid nano dispersions, composites, 

and polymeric micelles. 

 

All things considered, they offer a very effective method 

for dispersing a medication that is not very water soluble 

within an inert hydrophilic polymer matrix. For quick 

dissolving, the loaded medication is released as 

extremely small particles while the polymeric erosion 

continues.
[138]

  

 

4. Inclusion in Polymeric Matrices 

As Sonali et al. explained, selecting the right formulation 

technique is essential to maximizing the performance of 

the finished product. They compared co-precipitation, 

spray drying, and kneading methods when creating 

SLM-loaded solid dispersions with HPMC acting as a 

hydrophilic polymeric carrier.
[139]

 In vitro studies 

suggested the following enhancement in Silymarin 

dissolution compared to pure drug. 

 

By employing the ESE(Emulsification/Solvent 

Evaporation) approach and the freeze-drying process 

using P188 as the polymer, Zhao et al. developed another 

formulation of SLM (containing 33% of SIL) loaded NPs 

with a particle size of approximately 100 nm. Very high 

Silymarin concentrations with a long retention duration 

were seen in the liver, and the absorption of SLM NPs in 

the organs was noticeably greater than that of the drug 

suspension.
[120]
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