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ABSTRACT

For many years, milk thistle (Silybum marianum) has been used as a herbal cure for a variety of illnesses. A
complex blend of flavonolignans, including silibinin (silybin), silychristin, and silidianin, makes up the
main active ingredient "SILYMARIN." Research on pharmacology has shown that silymarin possesses
strong anti-inflammatory, antifibrotic, and antioxidant characteristics. Mixed results have come from
clinical trials examining the effectiveness of milk thistle in treating a variety of liver illnesses, such as liver
cirrhosis, hepatitis B and C, non-alcoholic fatty liver disease, and alcoholic liver disease. Because of its
well-established safety record and low number of documented side effects, milk thistle is a valuable
adjunctive treatment. Silymarin's pharmacokinetics shows that it has limited oral bioavailability and poor
water solubility, which make it difficult to employ therapeutically. To improve its absorption and
bioavailability, advances in formulation technologies, such as the creation of liposomal, nanoparticles, and
phytosomes, have been investigated. The goal of this paper is to give a thorough overview of milk thistle's
pharmacological characteristics and pharmacokinetics, as well as its possible application in the treatment of
liver illnesses and other ailments such as cancer, viral infection, fibrosis, tumorigenesis, inflammation, etc.
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INTRODUCTION

For ages, milk thistle (Silypummarianum L. Gaert., Asteraceae) seeds have been used as a herbal remedy,
mostly for liver ailments. The "milky white™" veins on the leaves, which release a milky sap when split apart,
are the source of the common name "milk thistle." Three isomeric flavonolignans—silibinin (silybin),
silychristin, and silidianin collectively known as SILYMARIN extracted from dried milk thistle seeds are
the medicinally active ingredients of milk thistle seeds. The most physiologically active is silybin. In
addition to proteins, fixed oil, silybonol, apigenin, betaine, and free fatty acids, the seeds also include
additional flavonolignans that may enhance the health benefits of milk thistle seeds[1,2].A variety of
chemical and biological poisons, including metals, fluoride, pesticides, and agents that are cardiotoxic,
neurotoxic, hepatotoxic, and nephrotoxic, as well as biological poisons including mycotoxins, snake
venoms, and bacterial toxins, are protected against by silybummarianum[3]. It has been shown that
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silymarin not only significantly lowers lipid peroxidation but also possesses anti-oxidant, antihypertensive,
and hepatoprotective qualities [4,5]. (Figure 1)

Figure 1: Milk thistle (Silypummarianum) flower, leaves, seeds.
BOTANICAL DESCRIPTIONS

The plant milk thistle can grow annually or twice a year. With huge prickly leaves, large purple blooming
heads, and powerfully spinescent stems, it is erect, sturdy, and grows to a height of 5 to 10 feet. The stems
and leaves release a milky sap when broken. The glabrous leaves have spiky margins and are dark green,
oblong, sinuate-lobed, or pinnatified. The veins of the leaves are milky white. The leaves, which start off as
a flat rosette, have a diffusely mottled look due to white veins. Every stem has a terminal head that contains
a single, enormous, purple, mildly scented flower that ends in sharp spines from June to September, when
the plant is in flower. Sharp spines are ridged on the reddish-purple blooms. The transversely wrinkled, 6-7
mm long achenes have a golden ring at the apex and are flecked with a dark grey colour[2].

PRESENT DAY CULTIVATION AND USAGE

Native to Asia Minor, North Africa, Southern Europe, Southern Russia, and Kashmir (India), milk thistle is
found in these regions. It was brought to most of Europe, North and South America, and Southern Australia.
It is mostly grown as a medicinal plant on dry, stony soils in Europe, Australia, Canada, China, and North
and South America. Its lovely foliage has led to its widespread cultivation as an ornamental plant. Ripe
seeds are harvested in the latter part of July. Currently, liver illnesses are the primary application for milk
thistle seed, its refined extracts, and its active ingredients. It is the most commonly utilized hepatoprotective
agent in cases of hepatotoxicity caused by industrial pollutants and mushroom poisoning, as well as chronic
inflammatory hepatic illnesses such as hepatitis, jaundice, alcohol abuse, fibrosis, cirrhosis, and fatty
infiltration.It is also a common agent in nutraceuticals. The seed tincture has been used in homoeopathy for
the treatment of varicose veins, jaundice, gallstones, peritonitis, hemorrhage, and liver diseases.
Commercially accessible products include extracts, pills, or capsules containing standardized extract of milk
thistle seeds[1,8].

PHYTOCHEMISTRY

The primary and most well-known ingredient in milk thistle extract is silymarin, a complex mixture found
in the leaves, seeds, and fruits of the plant. Flavonolignans, which constitute the majority of silymarin, often
account for 70-80% of the extract. together with taxifolin, quercetin, and apigenin, among other flavonoids.
Several significant flavonolignans, such as silybin, isosilybin, silychristin, and silydianin, are found in
silymarin.Among these compounds, silybin is the primary and most physiologically active constituent of
silymarin. It is widely recognized for its remarkable therapeutic properties and is often considered thebasis
of milk thistle's medicinal actions when compared to other flavonolignans[9]. In addition, silymarin includes
diastereomericflavonolignan pairs, A and B, with varying contributions to the overall composition from
these pairings[10]. The rich mixture of diastereomers contributes to the complexity of the silymarin and may
have an impact on its range of biological activities[11]. (Figure 2)
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Figure 2: Chemical structures of Milk thistle constituents

PHARMACOKINETICS OF SILYMARIN

The process by which a substance is absorbed, distributed, digested, and eliminated from the body is
referred to as pharmacokinetics (PK). A chemical's PK statistics provide details on systemic exposure to the
kinetic models. PK is also necessary to determine the therapeutic potential and efficacy of recommended
dosages for specific drugs [12, 13]. In most cases, silybin is the dominating molecule and is also regarded as
the active metabolite [14]. Experts deem silybin safe when taken orally for up to a week at a dose of up to
1.44 g per day [12,15]. The components of the silymarin are only weakly soluble in water, and studies have
shown that 30 minutes later, oral administration of powder extracts only results in plasma concentrations of
20 ng/mL.Conjugatedsilybin made up the majority of the silybin detected in the circulation [16]. Less than
3% of the total dose provided was made up of silybin urine recoveries [17]. (Figure 3)
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Figure 3: Pharmacokinetics of Silymarin

Absorption-

The accumulation of data from in vitro and in vivo studies indicates that intestinal epithelia absorb
silymarin. Silymarin is frequently used as an encapsulated supplement since it is water insoluble. When
silymarin is taken orally, it absorbs easily. After six to eight hours, the maximum plasma concentration is
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attained. Silymarin has a limited bioavailability because it is only absorbed by the body between 23% and
47% when taken orally [18,19].

Distribution-

It was discovered that silybin exhibits quick tissue dispersion whether it is conjugated or gratis. When
silybin was given to mice at a dosage of 50 mg/kg, the concentrations of the substance in the tissues were
measured, and it was shown that the peak levels were attained within an hour [20]. Furthermore, studies
have looked into the amounts of conjugated and free silybin in connective tissues. According to [21, 22], the
Cmax values per gram of silybin for the liver, lungs, stomach, skin, prostate, and pancreas were 8.8/1.6
(mean/SD) and 5.79/1.10 (mean/SD), respectively. According to a study, 70.3 to 46% of rats' blood had
silybin bound to proteins [20, 23].

Metabolism-

Silybin is metabolized in phases | and Il, with a focus on phase Il conjugation mechanisms. Individuals
undergo many conjugations of silybin. Research revealed that in human liver microcosms, silybin
underwent metabolic degradation. Significantly, three smaller mono-hydroxyl metabolites, one minor di-
hydroxyl metabolite, and a major demethylated metabolite were found [20].

Elimination-

Silymarin, conjugated or gratis, is rapidly eliminated in vivo. Silybin's renal excretion, however, is
negligible and accounts for only 1% to 2% of the oral dosage over the course of a day. The biliary
concentrations of silybin in patients were approximately 100 times higher than the serum concentration,
indicating that the liver and bile are the primary organs through which silybin is expelled [24].

MECHANISM OFACTION
Milk thistle exhibits its hepatoprotective properties by three major mechanisms:

1) Anti-inflammatory-

The capacity of milk thistle to modulate the cytokines that cause inflammation accounts for its anti-
inflammatory characteristics. It has been demonstrated that milk thistle suppresses and downregulates the
production of COX-2, an important mediator of inflammatory pathways [25, 26]. Additionally, silymarin
blocks the Nf-kb-controlled transduction cascade, which is a protein complex that triggers the expression of
proinflammatory genes that code for cytokines that are directly implicated in the inflammatory process.
Additionally, NF-kB controls inflammatory T cell survival. In mice, silybin was found to lower the levels of
proinflammatory cytokines in the liver and plasma while raising 1L-10, a cytokine that modulates and
suppresses inflammation [27, 28].

2) Antioxidant-

On hepatocytes, milk thistle has also demonstrated antioxidant qualities. It has the ability to suppress free
radicals produced by the metabolism of harmful chemicals like carbon tetrachloride, acetaminophen, and
ethanol. By directly preventing radical generation and shielding cell membranes from harm caused by free
radicals, it promotes the synthesis of proteins. Additionally, it can enhance the amount of scavengers inside
cells and function as a free radical scavenger [29].

3) Antfibrotic-

Apart from its anti-inflammatory and antioxidant characteristics, silybin exhibits potential as an antifibrotic
agent. This is attributed to its capacity to reduce DNA synthesis induced by platelet-derived growth factor
(PDGF) in cells, thereby impeding the conversion of stellate hepatocytes into myofibroblasts. Silybin
indirectly inhibits the deposition of collagen fibers that promote the course of liver damage by reducing
myofibroblasts [25]. Lastly, silybin has shown a correlation with a noteworthy downregulation of TGF-B,
an important regulator in the development of liver fibrosis [30].
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THERAPEUTIC POTENTIALS OF SILYMARIN
1. Anti-cancer activity-

1.1 Effect of milk thistle and silymarin on liver cancer -

Silymarin has multiple modes of action against liver cancer. It increases the concentration of apoptotic cells
by suppressing the proliferation of HepG2, human hepatocellular carcinoma cells. Because of a rise in
cytosolic cytochrome complex (Cyt c) levels, it may also result in a decrease in mitochondrial
transmembrane potential. Silymarin achieves this by down-regulating the expressions of anti-apoptotic
proteins, such as survivin and Bcl-2, and proliferation-associated proteins, such as proliferating cell nuclear
antigen, cyclin D1, c-Myc, and B-catenin, and up-regulating the expressions of proapoptotic proteins, such
as p53, Bax, apoptotic protease-activating factor 1, and caspase-3 [31].

1.2 Effect of milk thistle and silymarin on prostate cancer-

Prostate cancer is the most common non-cutaneous cancer among men. According to a study, patients who
had radical prostatectomy and received 570 mg of silymarin daily for six months may see a drop in total
cholesterol and low-density lipoprotein (LDL), two markers of a blood lipid profile linked to the
advancement of prostate cancer [32]. Prostate-specific antigen (PSA) was significantly reduced in
individuals with benign prostatic hyperplasia who took 570 mg of silymarin daily for six months [33].
According to a different study, administering silybin in conjunction with ionizing radiation decreased
prostate cancer cells' migratory and invasive characteristics and hindered endothelial cell growth [34].

1.3 Effect of milk thistle and silymarin on skin cancer-

Skin cancer is primarily caused by uncontrolled exposure to solar ultraviolet (UV) radiation, especially in
the UVB (290-320 nm) and UVC (200-290 nm) ranges. UVB causes a variety of DNA damage and is
readily absorbed by skin cells [35]. According to a study that assessed the impact of UVB-induced
silybinonphotodamage, silybin could delay apoptosis and hasten the healing of UVB-induced cyclobutane
pyrimidine dimers (CPD). Silybin modified the way UVB-induced S phase arrest occurred, reducing both
inactivated S phase populations and active DNA synthesis [36].

2. Antioxidant activity-

The recent paper "Evaluation of antioxidant activity and its association with plant development in
Silybummarianum L." by Admah et al. (2013) [37] caught our attention. The authors have solely assessed
the DPPH-scavenging activity (DSA) of extracts obtained from whole plants and SM leaves at several ages
(10 to 100 days post-germination) and have not looked into the impact of different radiation dosages on this
activity. The greatest DSA value is 52.98 + 03%, whereas the maximum DSA was obtained in both leaves
and whole plants in 80-day-old plants (60 and 65.43%), according to the authors' abstract for the paper.
Lucini developed the evidence for the chemicals from the SM's antioxidant capacity [38]. The authors found
no connection between antioxidant potentials and the concentration of certain chemicals, such as silybin. In
the ABTS and FRAP tests, the antioxidantcapacity of the components is greater than that of the positive
control. The most powerful DPPH inhibitors were found in taxifolin and dehydrodiconifery alcohol-4-f-D-
glucoside [39].

3. Hepatoprotective activity-

The plant has been used for liver protection at least since the first century. One of the potential key
components of silymarin‘shepatoprotective effects may be its antioxidant activity [40]. By lowering CCl4's
metabolic activation and functioning as a chain-breaking antioxidant, it protects mice from lipid
peroxidation and hepatotoxicity caused by CCI4 [41]. It reduced the development of cirrhosis in rats treated
with CCI4, restored increased transaminases to normal levels [42], and shielded against detrimental
increases in the membrane ratios of phospholipids, cholesterol, sphingomyelin, and phosphatidylcholine
[43]. Rat livers treated with CCI4 had higher collagen content; rats treated with silymarin (50 mg/kg for 5
days) had lower collagen content [44].Hepatic cirrhosis and fibrosis are the final stages of liver injury that
are brought on by iron overload [45]. The primary cause of iron-induced hepatotoxicity is oxidative stress
brought on by elevated hepatic lipid peroxidation. Serum enzyme levels and iron-induced increased lipid
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peroxidation were decreased in rats treated with silymarin [46].After receiving silymarin pretreatment, rats
with partial hepatectomy displayed enhanced synthesis of protein, RNA, DNA, and cholesterol, indicating
liver regeneration [47].Silymarin most likely triggers a physiological regulator, allowing 10 silybin to attach
to a particular polymerase binding site and promote the synthesis of ribosomes [48]. It is most likely able to
penetrate the nucleus and particularly stimulate RNA polymerase because of its structural resemblance to
steroids. It also counteracts the inactivation of cytochrome P-450 into cytochrome P-420 and raises the
contents of cytochromes P-450 and B5, as well as the activity of amidopyrine-D-demethylase, hydroxylases
of hexobarbita and aniline, and the respiratory chain of microsomes [49].

4. Anti-inflammatory activity-

Silymarin and silybin, its main ingredient, shown anti-inflammatory properties [50,51,52], as well as the
ability to inhibit Kuppfer cells [52] and neutrophil migration [53]. It has been discovered that by inhibiting
the enzyme lipoxygenase, it prevents the liver from producing prostaglandins from polyunsaturated fatty
acids and leukotrienes.These leukotrienes are among the most harmful substances that can be discovered in
humans [54].

5.Immunomodulatory activity-

When endotoxin-free neutralizing anti-11-12 antibody was injected intraperitoneally into mice administered
silymarin, the protective effects against UVB-induced reduction of the contact hypersensitive response were
eliminated. Moreover, silymarin therapy blocked the reduction of the contact hypersensitivity response
induced by UVB in their wild-type mice but not in IL-12 mutant animals. Furthermore, silymarin-treated or
non-treated IL-12 knockout mice that received an intraperitoneal (i.p.) injection of IL-12 responded more
strongly to contact hypersensitivity than did mice exposed to UVB alone or silymarin plus UVB. These
suggest that silymarin can shield mice from UVB-induced immunosuppression and that 1L-12 plays a role in
mediating this protective effect [55]. Silybin dramatically reduces CD80 and CD86 expression. MHC
(Histocompatibility Complex Molecules) class | and class Il in the dendritic cells (DCs) generated from
murine bone marrow, and was linked to deficiencies in the DCs' expression of lipopolysaccharide (IPS)-
induced 11-12.DCs treated with silybin demonstrated exceptional efficacy in capturing Ag (antigens)
through endocytosis mediated by mannose receptors. It has been shown that silybin inhibits both the nuclear
translocation of the NF-kB p65 subunit and the activation of MAPKS (mitogenactivated protein kinases)
induced by LPS"[56]. The effects of silybin on caspases may be a normal cell-mediated immune response,
and the molecular basis for the silybin-treated DCs demonstrated an anticarcinogenic and anti-inflammatory
defective activation of the response and consequences. According to a different study, silymarin may be
helpful in reducing the damage to dopaminergic neurons and the development of therapeutic adjuvants that
stimulate microglia and produce inflammatory mediators that require immunosuppression, such as immunity
to infectious TNF-a and nitric oxide (NO). In a dose-dependent way, it markedly decreased the levels of
inducible nitric oxide synthase (INOS) mRNA, protein, and LPS-induced nitrite [57]. When silymarin is
administered parenterally, T-lymphocyte activity is suppressed and inflammatory processes are triggered
[58]. Silymarin and its active ingredient, silibinin, increase the production of IL-10 while suppressing the
intrahepatic expression of TNF-a, IL-2, iNOS, interferon-gamma (y-1FN), and interleukin (11)-4 [57,59,60].
Silymarin may play a role in NF-KB-dependent reporter gene transcription and the inhibition of TNF-
induced activation of NF-CB, a nuclear transcription factor [61,62]. It did not interfere with p65's capacity
to bind to DNA; instead, it prevented its translocation to the nucleus. Additionally, it inhibited the activation
of NF-KB caused by phorbol ester, LPS, okadaic acid, and ceramide, while having no discernible effect on
NF-B activation induced by H20O. Silymarin also prevented TNF-induced cytotoxicity and Caspase
activation, as well as the activation of mitogen-activated protein kinase and c-Jun N-terminal kinase. It
inhibited lipid peroxidation and reactive oxygen intermediate generation brought on by TNF [62].

6. Anti-viral activity-

Silymarin may help treat viral hepatitis even if it has no effect on viral replication because it inhibits the
inflammatory and cytotoxic cascade of events that the virus causes[63]. Silymarin inhibits nuclear factor
kappa B (NF-kB)-dependent transcription in human hepatoma cells and tumour necrosis factor-alpha (TNF-
cz) expression in anti-CD3 stimulated human peripheral blood mononuclear cells, which may help treat
patients with chronic hepatitis C [51]. These effects of silymarin are anti-inflammatory and antiviral. Both
the human keratinocytes (HaCaT) and the human hepatoma cell (HepG2) lines employed showed decreased
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hasal and dioxin-inducible CYP1ALl catalytic activity in response to silybin and dehydrosylibin. In HaCaT
cells as opposed to HepG2 cells, the inhibitory impact of the investigated chemicals was more noticeable,
and dehydrosilybin was a far more potent inhibitor than silybin [64]. Siybin exhibited a high growth
inhibitory effect on HepG2 (hepatitis B virus negative; p53 intact) and Hep38 (hepatitis B virus positive;
p53 mutant) cells. Its cytotoxicity was comparatively stronger in Hep3B cells and was linked to the
induction of apoptosis. In HepG2, it also resulted in Gl arrest, while in Hep3B cells, it induced both G1 and
G2-M arrests. In both cell lines, silybin increased ipl/p27 but lowered the levels of cyclin D1, cyclin D3,
cyclin E, cyclin-dependent kinase (CDK-2), and CDK4. Silybin also lowered the G2-M regulator protein
levels in Hep3B cells. Moreover. In these HCC cells, silybin significantly reduced CDK2, CDK4, and
CDC2 kinase activity [65].

7. Anti-fibrotic activity-

The harmful involvement of hepatic stellate cells and their generated myofibroblasts is crucial to liver
fibrogenesis. Freshly isolated rat hepatic stellate cells' proliferation was inhibited by silibinin at a
concentration of 10'mol/I, but this effect was undetectable on their viability, morphology, or cytoskeletal
architecture. Moreover, it inhibited the transformation of myofibroblasts and down-regulated the
profibrogenic transforming growth beta (TGF-B) and extracellular matrix component gene expression [66].
Hepatoprotective effects may be related to changes in TGFB1 and c-myc expression in the liver[67]. One
significant component of the possible antifibrotic qualities may be inhibition of hepatic stellate cell
transition and proliferation [66].

8. Anti-carcinogenic/anti-tumorigenesis activity-

Long-term silymarin anti-carcinogenic and cancer chemopreventive effects Targeting mostly stage | tumors,
silymarin feeding dramatically reduced tumor growth and also caused regression of already-existing tumors
[68, 69]. The mechanism underlying these effects may involve inhibition of promoter-induced edema,
hyperplasia, proliferation index, and oxidant state. It has been linked to in vivo prostate tumor
antiproliferative, pro-apoptotic, and anti-angiogenic efficaciousness [70]. By altering enzyme activity, cell
proliferation, and/or PGE(2) concentration, feeding silymarin to rats during the promotion stage of 4-
nitroquinoline 1-oxide (4-NQO)-induced rat tumorigenesis has the potential to prevent tongue squamous
cell carcinoma [71]. There have also been reports of tumorigenesis models in human prostate, breast, and
cervical carcinoma cells. Only in the case of cervical cancer cells did silibinin treatment cause a
considerable and time-dependent suppression of both DNA synthesis-and cell growth, together with a
significant loss of cell viability [72]. It is commonly known that oxidative stress and immunological
suppression brought on by ultraviolet (UV) light are major factors in the development of skin cancer.
Applying silymarin topically on mouse skin inhibits the development of photocarcinogenesis. It was
discovered to be connected to the suppression of myeloperoxidase activity and infiltrating leukocytes,
specifically the CD11b+ cell type [73]. Silymarin decreased the number of UVB-induced H+O-producing
cells and INOS-expressing cells concurrent with a decrease in H+O and nitric oxide production. Silymarin
also enhanced the levels of the immunostimulatory cytokine, IL-12, and decreased the UVB-induced
enhancement of the immunosuppressive cytokine, interleukin (IL)-10 [55,73]. The inhibition of
photocarcinogenesis in mice may be linked to silymarin's ability to reduce UVB-induced oxidative stress
and immunosuppression [73]. In human lung cancer cells, both small cell and non-small cell, silybin
considerably inhibits growth, causes a mild cell cycle arrest, and causes a strong apoptotic death. It causes
G1 arrest, which stops cell development and causes androgen-dependent human prostate cancer LNCaP
cells to differentiate [74, 75]. The phosphorylation state of proteins associated with retinoblastoma (Rh) is
crucial for promoting the advancement of the cell cycle. They stimulate growth when they are
hyperphosphorylated, but they inhibit growth when they are hypophosphorylated. With the help of their
catalytic subunits, cyclins, cyclin-dependent kinases (CDKSs) phosphorylate Rb, releasing transcription
factor E2Fs from Rb-E2F complexes and promoting cell division.The levels of CDK4 and CDKZ2,
respectively, decreased after silybin therapy, although cyclin D1 and cyclin E protein levels remained
unchanged. The transcription factors E2F3, E2F4, and E2F5, in that order, have significantly decreased in
protein levels. The hypophosphorylation of Rb-related proteins that siybin causes may contribute to its anti-
carcinogenic and cancer-prevention effects in various cancer models, including PCA. The primary cause of
this impact was a significant drop in the quantity of Rb phosphorylated at particular serine sites [76,77].
Silybin successfully prevents constitutive activation of NF-KB in advanced human prostate carcinoma
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DU145 cells and suppresses the development of human prostate cancer cells (PCA) both in vitro and in vivo
[78]. Nuclear levels of the NF-KB subunits, p65 and p50, were likewise lowered in accordance with this.
Treatment with silybin led to a marked rise in IkappaBalpha (inhibitory KB-C) and a corresponding drop in
phospho-lkappaBalpha. IKKalpha kinase activity is dose-dependently decreased by silybin. Silibinin's
inhibitory action on IKKalpha and downstream effectors can occur without an upstream trigger.
Additionally, silybin prevents TNFco-induced NF-B activation through the IkappaBalpha pathway, which
makes DU145 cells more susceptible to INF-co-induced death [61].

CONCLUSION-

There are many different methods utilized in the search and usage of herbal remedies. These methods are
typically regarded as safer and superior to conventional medical practice because they are natural or stem
from deeply held beliefs about wellness and health, whether they be religious, philosophical, or otherwise.
A well-researched plant for treating a variety of ailments is Silybummarianum, and silymarin is one of the
most used medications. The lipid, biliary, immunomodulatory, and anti-inflammatory properties of milk
thistle seed are demonstrated. In addition, it possesses antiviral and anticancer activities. Except for minor
gastrointestinal and allergic reactions, milk thistle seed formulations are safe, well-tolerated, and do not
have any significant negative effects on humans. It may encourage more clinical research if silymarin and
its bioactive ingredients are made available for sale as medications. Its composition can also be used to help
prevent and cure a variety of medical conditions. Additionally, milk thistle seems to have a favorable safety
profile, with minimal adverse effects documented and typically good tolerance in the majority of people.
Ultimately, even though milk thistle shows promise, it should be used cautiously and preferably with
medical advice. In order to more effectively incorporate milk thistle into traditional medical practice, future
research should concentrate on clarifying the exact mechanisms of action, ideal dosages, and long-term
effects.
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