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Background: Silymarin is a polyphenolic flavonoid complex extricated from dried 
fruits and seeds of the plant Silybum marianum L. Chemically, it is a mixture of 
flavonolignan complexes consisting of silybin, isosilybin, silychristin, silydianin, a 
minor quantity of taxifolin, and other polyphenolic compounds, which possess 
different bio medicinal values.

Purpose: This review critically looks into the current status, pharmaceutical 
prospects and limitations of the clinical application of Silymarin for treating 
neurological disorders. In particular, Silymarin’s medicinal properties and molecular 
mechanisms are focused on providing a better-compiled understanding helpful 
in its neuro-pharmacological or therapeutic aspects.

Methods: This review was compiled by the literature search done using three 
databases, i.e., PubMed (Medline), EMBASE and Science Direct, up to January 
2023, using the keywords-Silymarin, neurological disorders, cognitive disorders, 
Type 2 Diabetes, pharmaceutical prospects and treatment. Then, potentially 
relevant publications and studies (matching the eligible criteria) were retrieved 
and selected to explain in this review using PRISMA 2020 (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses) study flow chart.

Result: Since its discovery, it has been widely studied as a hepatoprotective drug 
for various liver disorders. However, in the last 10–15 years, several research 
studies have shown its putative neuroprotective nature against various brain 
disorders, including psychiatric, neurodegenerative, cognitive, metabolic and 
other neurological disorders. The main underlying neuroprotective mechanisms 
in preventing and curing such disorders are the antioxidant, anti-inflammatory, 
anti-apoptotic, pro-neurotrophic and pro-estrogenic nature of the bioactive 
molecules.

Conclusion: This review provides a lucid summary of the well-studied 
neuroprotective effects of Silymarin, its underlying molecular mechanisms and 
current limitations for its usage during neurological disorders. Finally, we have 
suggested a future course of action for developing it as a novel herbal drug for 
the treatment of brain diseases.
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Neurological disorders

Neurological disorders (NDs) are nervous system diseases that 
mainly affect the brain, spinal cord, and nerves throughout the human 
body (Khanna et al., 2008). World Health Organization (WHO) data 
suggest that NDs are primary and essential global causes of mortality 
and morbidity (Mathers et  al., 2003). The main NDs include 
Alzheimer’s disease (AD), Parkinson’s Disease (PD), Cerebral 
ischemia (CI), Multiple sclerosis (MS), Huntington’s Disease (HD), 
Meningitis, Epilepsy, and Stroke (Haddadi et al., 2020b). Better health 
care and increasing life expectancy in many countries will lead to 
more patients suffering from NDs. The studies on these disorders’ 
social and economic impact present a grim picture even for most 
developed nations (DiLuca and Olesen, 2014; Wynford-Thomas and 
Robertson, 2017). Therefore, detecting these NDs very early is 
necessary by using suitable biomarkers and designing appropriate 
preventive therapies or treatment protocols (Khanna et al., 2008). 
Unfortunately, most NDs remain incurable even after the rapid 
advancements in neuroscience, pharmacology and medical 
technology. Modern-day physicians cannot treat these NDs, and 
patients remain dependent on physiotherapists or rehabilitation 
providers. In order to shed insight into the pathophysiology of various 
brain disorders and aid in the development of targeted therapeutic 
strategies, more research is needed in these domains of study.

Some of the significant reasons which make NDs incurable are 
given here. Neurodegenerative disorders are a category of NDs in 
which progressive damage and death of neurons in the brain regions, 
like AD and PD, get diagnosed very late (Agrawal and Biswas, 2015). 
The precipitation of behavioral changes at an advanced stage means 
most neurons are already dead to an extent where recovery is 
impossible. Hence, patients will not respond to any medicine. 
Secondly, specific NDs are challenging to diagnose and differentiate 
from each other because of their similar symptoms and cognitive 

impairment. To make it worse, non-neurological symptoms can also 
precipitate very similar to neurological diseases. Due to their 
multifactorial and complex progression, brain disorders still need a 
complete understanding of the molecular pathways to develop specific 
therapeutic targets (Agrawal and Biswas, 2015). Further, even though 
few in vitro-tested drugs are available for the treatment of neurological 
disorders, these drugs show poor bioavailability inside the brain 
because of various biological obstructions, specifically the blood–
brain barrier (BBB). Lastly, these drugs are costly and always come up 
with side effects. The drugs like neuroleptics, opiates and analgesics 
provide some relief to the NDs patients, but still, they need counselling 
and cognitive behavior therapy post-treatment (Gautam, 2022). 
Therefore, a practical pharmacotherapeutic approach for these NDs is 
required to reduce morbidity and mortality.

Silymarin: a basic introduction

Keeping in view of these limitations, medical practitioners and 
patients always look for more holistic ways to treat brain disorders. In 
this regard, the non-allopathic traditional or complementary medicine 
system, which includes treatment through several herbs, metals, 
minerals, massages, exercises, and diet controls, has recently gained 
recognition (Ogut et al., 2019, 2022a,b; Guzelad et al., 2021; Li et al., 
2021). Silybum marianum L. is a popular traditional Ayurvedic 
remedy for treating heartburn and its accompanying health problems. 
In recent years, this plant has also been studied for its beneficial 
properties for different NDs. Due to the milky streaks on its leaves, 
Silybum marianum is also known as milk thistle, Mediterranean 
thistle, blessed thistle, or scotch thistle (Scott Luper, 1998; Petrie et al., 
2015). It is a tall, sturdy, biennial herb with a red or purple corolla, 
strong spinescent stems, pale green leaves and large purple flowering 
heads (Figure 1). It is mainly farmed for medicinal uses, although it 
has also been studied as a food source. Though it is an indigenous 
plant of the Mediterranean region of Europe, this is widely found in 
Kashmir, Southern and Western Europe, and Southern and North 
America these days (Pepping, 1999). It thrives well in sunny, warm 
ruderal meadows but avoids dry, stony soils.

Silymarin, a polyphenolic flavonoid compound, is isolated from 
dried fruits and seeds of Silybum marianum L. Chemically, it is a mixture 
of flavonolignan complexes consisting of silybin (i.e., silybin A and 
silybin B), isosilybin (i.e., isosilybin A and isosilybin B), silychristin, 
silydianin, a minor quantity of taxifolin, fatty acids and remaining 
polyphenolic compounds (Wagner et al., 1974; Rainone, 2005; Petrie 
et al., 2015). Out of all the constituents of Silymarin, approximately 
60–70% of the mixture is silybin, which is also found to be accountable 
for the antioxidant function of Silymarin (Haddadi et al., 2020b). The 
present review provides a comprehensive summary of various research 
studies done to establish the beneficial effects of Silymarin on all major 
NDs along with its neuro-pharmacological or therapeutic aspects.

The various parts of S. marianum are used to prepare the different 
extracts, composed of a mixture of distinct bioactive constituents. The 
chemical structure of all the main constituents is shown in Figure 2. 
Silibinin (or Silybin) A and B are the main biologically active component, 
capable of treating cancers, skin ailments and liver cirrhosis (Petrie et al., 
2015; Neha and Singh, 2016). Silychristin is the next most copious 
flavonoid next silybin in the extracts of Silymarin, which has also 
presented antioxidant activity and non-cytotoxic effect against the 

Abbreviations: AChE, Acetylcholinesterase; AD, Alzheimer’s Disease; Apaf-1, 

Apoptotic Protease Activating Factor-1; APP, Amyloid Protein Precursor; BACE, 

Beta site Amyloid Precursor Protein Cleaving Enzyme; BAX, Bcl-2 Associated 

X-protein; BBB, Blood–Brain–Barrier; Bcl-2, B-cell Lymphoma 2; BCRP, Breast 

Cancer Resistance Protein; BDNF, Brain Derived Neurotrophic Factor; CAT, 

Catalase; CI, Cerebral Ischemia; COVID-19, Corona Virus Disease of 2019 (COVID-

19); COX-2, Cyclooxygenase 2; CYP2E1, Cytochrome P-450 2E1; DA, Dopamine; 

Dyn, Dynorphin; ER-β, Estrogen Receptor Beta; GDNF, Glial cell line-derived 

Neurotrophic Factor; GSH, Reduced L-glutathione; GSTA4-4, Glutathione 

S-transferase A4-4; HD, Huntington’s Disease; IFN-γ, Interferon gamma; IL-10, 

Interleukin 10; IL-1β, Interleukin 1 Beta; IL-6, Interleukin 6; iNOS, Inducible nitric 

oxide synthase; LD50, Lethal Dose 50; LDL-C, Low-density Lipoprotein Cholesterol; 

MAPK, Mitogen-activated Protein Kinase; MCT8, Monocarboxylate Transporter 

8; MDA, malondialdehyde; MRP2, Multidrug Resistance-associated Protein 2; MS, 

Multiple sclerosis; NAFLD, Non-Alcoholic Fatty Liver Disease; NDDs, 

Neurodegenerative Disorders; NDs, Neurological Disorders; NE, Norepinephrine; 

NF-κB, Nuclear Factor Kappa B; NO, nitric oxide; PD, Parkinson’s Disease; P-gp, 

P-glycoprotein; SARS-CoV-2, Severe Acute Respiratory Syndrome Corona Virus 

2; SOD, Superoxide dismutase; STAT-1, Signal Transducer and Activator of 

Transcription 1; T2D, Type 2 Diabetes; TLR4, Toll-like Receptor 4; TNF-α, Tumor 

Necrosis Factor Alpha; TNF-β, Tumor Necrosis Factor Beta; TrkB, Tropomyosin 

receptor kinase B; Treg, Regulatory T-cells; VMAT2, Vesicular Monoamine 

Transporter; WHO, World Health Organization.
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different cancer cell lines (Biedermann et al., 2016). Isosilybin A and B 
have shown anti-prostate cancer activity by executing cell cycle arrest and 
cell apoptosis (Deep et al., 2007). Taxifolin has emerged as a unique 
bioactive flavonoid, showing promising inhibitory effects against oxidative 
stress, inflammation, hyperglycemia, AD, various malignancies, microbial 
infection, liver, cardiovascular and pulmonary disease (Sunil and Xu, 
2019; Das et al., 2021). In-silico analysis on Silydianin has identified it as 
a novel and potent candidate in controlling COVID-19 disease through 
its inhibitory action on severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) spike protein. However, this claim needs to be validated 
by further in vitro and in vivo studies (Kousar et  al., 2020; Majeed 
et al., 2021).

Methods

The literature search compiled this review to recognize the studies of 
Silymarin’s pharmaceutical prospects for treating NDs. Search keywords 
included “Silymarin,” “Silibinin,” “neurological disorders,” “Parkinson’s 
disease,” “Alzheimer’s disease,” “Cerebral Ischemia,” “cognitive disorders,” 
“pharmaceutical prospects,” and treatment.” Electronic databases, 

including PubMed, EMBASE, Science Direct, Scopus, Web of Science, 
Crossref and Medline, were searched with the terms’ Pharmaceutical 
prospects of Silymarin/Silibinin/silybin for the treatment’ in the title/
abstract and ‘Neurological disease’, ‘Parkinson’s disease’, ‘Alzheimer’s 
disease’, ‘Cerebral Ischemia’, and ‘Cognitive disorder’ were searched in the 
whole text. Results were collected using only the articles in the English 
language up to January 2023. The primary exclusion criteria of articles 
depended on the title and abstract. Pharmaceutical prospects of 
Silymarin in some cases, in which the treatment was not related to NDs, 
were also excluded because the aim of the current review is to discuss 
pharmacological prospects and various mechanisms of action of this 
compound against neurological patients especially. After following the 
inclusion and exclusion criteria, 120 articles were retrieved and selected 
to explain in this review. The study design diagram has been 
demonstrated in Figure 3.

Pharmacological properties of Silymarin

Silymarin has been chiefly known for hepatoprotective activities 
for a long time (Wang et  al., 2015; AbouZid et  al., 2016). Studies 

FIGURE 1

The whole plant of Silybum marianum L. (Image source: Ana Júlia Pereira, https://flora-on.pt/#/h7Tex, CC-BY-NC).
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involving different animal models and human samples establish the 
prospective of its different extracts for antidiabetic, renal protective 
and anti-cancer activities (Wang et  al., 2002; Lu et  al., 2009a,b; 
Baluchnejadmojarad et al., 2010a,b; Murata et al., 2010; Karimi et al., 
2011; Yin et  al., 2011). Recent research shows that it has a 
neuroprotective role too in different NDs, such as AD, PD, epilepsy, 
CI and MS. These neuroprotective effects of Silymarin are attributed 
to its anti-inflammatory, antioxidant, anti-cancer, cardio-protective, 
radioprotective and anti-apoptotic activities in the biological systems, 
including model organisms and cell lines (Borah et  al., 2013; 
Zholobenko and Modriansky, 2014; Ullah and Khan, 2018; Latacela 
et al., 2023).

Silymarin has been found to have no adverse side effects and has 
good safety, even when used in high doses (Saller et al., 2001; Duan 
et  al., 2015). The approximate lethal dose 50 (LD50) values of 
Silymarin are 400, 385, and 140 mg/kg in mice, rats, and rabbits/dogs, 
respectively (Fraschini et al., 2002). One of its critical physiochemical 
properties, which makes it essential for its medicinal value, is that it is 
rich in oil and fatty acids (Khan et al., 2007; Neha and Singh, 2016). 
Because of poor solubility in the aqueous medium, Silymarin has also 
been found to have low bioavailability (Yang et al., 2013). However, in 
recent studies, different strategies are available to increase the same 
(Javed et al., 2011). For example, it is usually administered in capsule 
form with different bioactive formulations in both in vitro and in vivo 
animal models. It is marketed as capsules and tablets by Liverpool, 
Silipide and Legalon (Kaur and Agarwal, 2007; Karimi et al., 2011). 
The half-life of Silymarin, which is eliminated in bile, is 6–8 h. 
(Morazzoni et al., 1993; Petrie et al., 2015).

As per the data from pharmacological studies, it is a safe herbal 
medicine. However, adverse effects like headaches, gastroenteritis 
and dermatological symptoms are also reported in some cases of 
improper administration of therapeutic dosages in clinical trials 

(Křen and Walterová, 2005; Karimi et al., 2011). On the other hand, 
concurrent use of Silymarin with a P-glycoprotein (P-gp) substrate 
drug has been found to increase its cellular distribution across the 
blood–brain barrier (BBB). P-gp is the most commonly known 
transporter protein in BBB, which inhibits the efflux of substrate 
drugs into the brain, thus establishing itself as a critical factor in 
improving the bioavailability of various drugs in patients with a 
neurological disorder (Ravikumar Reddy et al., 2016). Silymarin can 
alter the pharmacokinetics of different allopathic drugs when 
co-administered in rodent models of NDs. The multiple 
pharmacological actions of Silymarin can thus be used synergistically 
for efficacious therapy in such cases (Ghosh et al., 2010).

Silymarin for psychiatric disorders

Psychiatric disorders are a broad range of mental health 
abnormalities that causes significant disturbance in mood, thinking 
and behavior (Hofmann, 2014). The psychiatric disorders prevalent 
across the globe include anxiety, depression, schizophrenia, mood 
disorders, and obsessive–compulsive disorders (Gazzaniga and 
Heatherton, 2006). These disorders are linked with the increased 
probability of developing other major NDs (Jacob et al., 2010; Byers 
and Yaffe, 2011). Silymarin has been found to have a vital role in the 
treatment of such psychiatric disorders through different mechanisms 
(Grant and Odlaug, 2015; Khoshnoodi et al., 2015; Thakare et al., 
2017, 2018; El-Elimat et al., 2018; Kosari-Nasab et al., 2018; Yön et al., 
2019; Tabaa et al., 2022). In the forced swim and tail suspension tests, 
silymarin administration significantly decreased the immobility 
period in mice, indicating that it may have antidepressant effects 
(Bansal et al., 2013; Khoshnoodi et al., 2015; Thakare et al., 2016). In 
another study by El-Elimat et al. (2019), Silymarin was found to have 

FIGURE 2

Chemical structures of main constituents of Silymarin (Silybin, Isosilybin, Silychristin, Silydianin, and Taxifolin).
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an anxiolytic effect as assessed through the elevated plus maze and 
open field tests in rat models.

Several brain areas, like the hippocampus and frontal cortex, show 
a noticeable reduction of dopamine, serotonin and norepinephrine 
neurotransmitters during the depression in animal models (Tse and 
Bond, 2002; Nutt, 2008; Mao et  al., 2011). In vivo neurochemical 
studies have shown that Silymarin can restore the levels of these 
neurotransmitters in the brain centers (hippocampus and cerebral 
cortex) of rodents (Osuchowski et  al., 2004; Thakare et  al., 2017; 
Kosari-Nasab et al., 2018; Thakare et al., 2018). Silymarin has also 
been found to restore the normal levels of antioxidants catalase and 
glutathione along with a reduction in malondialdehyde formation in 
the above said brain centers of the depression rodent models, thus 
suggesting the role of Silymarin as an antidepressant (Thakare et al., 
2017). In another study by Grant and Odlaug (2015), Silymarin 
inhibited free radicals and nitric oxide formation in humans with 
obsessive–compulsive behaviors. Furthermore, neurotrophic factor 

BDNF level was found to be increased in the above-said brain regions 
after Silymarin treatment in rodents’ model of depression, suggesting 
BDNF is one of the crucial targets for antidepressant action of 
Silymarin (Thakare et al., 2017; Kosari-Nasab et al., 2018; Thakare 
et al., 2018).

Inflammation and psychiatric disorders are closely intertwined 
(Toklu et al., 2008; Morishima et al., 2010; Nazemian et al., 2010; 
Gharagozloo et al., 2013a; Al-Drees and Khalil, 2016). Dysregulation 
of pro- and anti-inflammatory signaling pathways due to different 
stressors during psychiatric disorders leads to immunologically 
modulated neuroinflammation, thus showing the anti-inflammatory 
property of Silymarin in several in vivo and in vitro studies (Toklu 
et al., 2008; Morishima et al., 2010; Nazemian et al., 2010; Gharagozloo 
et al., 2013a; Al-Drees and Khalil, 2016). Silymarin decreases the levels 
of the two most prominent pro-inflammatory cytokines, interleukin 
6 (IL-6) and tumor necrosis factor-alpha (TNF-α), suggesting its 
potential anxiolytic and antidepressant activity. Furthermore, 

FIGURE 3

PRISMA 2020 study flow chart showing the number of included and excluded articles for this systematic review.
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Silymarin administration has been shown to decrease the 
corticosterone levels in various animal models of depression in 
different studies (Thakare et  al., 2017; Kosari-Nasab et  al., 2018; 
Thakare et  al., 2018), hence correlating antidepressant activity of 
Silymarin to its effects on hypothalamic–pituitary–adrenal 
axis regulation.

Silymarin for neurodegenerative disorders

Neurodegenerative disorders (NDDs) occur through the gradual 
and progressive degeneration of nerve cells in the central or peripheral 
nervous system and, ultimately, the death of these neurons. AD, HD, 
PD and amyotrophic lateral sclerosis are the most common NDDs, 
accounting for the principal causes of death across the world (Ranjan 
and Sharma, 2018; Ranjan, 2020; Pereira et al., 2021). The probability 
of the onset of these diseases increases with age (Wyss-Coray, 2016). 
The neuroprotective potential of Silymarin is well-explored and 
reported in animal and cellular models of NDDs (Wang et al., 2002; 
Lu et al., 2009b; Baluchnejadmojarad et al., 2010b; Murata et al., 2010; 
Yin et al., 2011; Amato et al., 2019).

In the AD model of Caenorhabditis elegans, Kumar et al. (2015) 
found that the Silymarin treatment reduces amyloid b-protein in 
muscle tissues by increasing resistance to oxidative stress. Further 
behavioral study on APP transgenic mice showed that the treatment 
with Silymarin decreases AD-like phenotypes and improves 
AD-induced behavioral anomalies (Murata et al., 2010). In another 
study, Silymarin treatment on SH-SY5Y neuroblastoma cell lines 
resulted in the inhibition of amyloid β aggregation as well as hydrogen 
peroxide production in the cell, thus protecting it from the impairment 
caused by amyloid β-induced oxidative stress (Yin et al., 2011). The 
main mechanisms regarding the protective effect of Silymarin against 
AD neurodegeneration are the prevention of amyloid β plaque 
aggregation by their disintegration and suppression of APP expression 
(Murata et al., 2010; Murakami et al., 2013; Yaghmaei et al., 2014); 
protection of dopaminergic neurons through inhibition of microglia 
activation, inflammation, and apoptosis (Wang et al., 2002, 2012); 
downregulation of acetylcholinesterase activity (Duan et al., 2015; 
Aboelwafa et  al., 2020); upregulation of neurotrophic factors and 
mitigation of autophagy, oxidative stress, and apoptosis (Raza et al., 
2011; Song et al., 2017).

A reduction in oxidative stress by Silymarin is linked with a 
decline in reactive oxygen species level, lipid peroxidation, and 
nitric oxide generation (Lu et  al., 2009a; Baluchnejadmojarad 
et  al., 2010b; Yin et  al., 2011), as well as upregulation of the 
enzymatic rate of different antioxidant enzymes (reduced 
glutathione, catalase and superoxide dismutase; Nencini et  al., 
2007; Lu et al., 2009b; Kumar et al., 2015; El-Marasy et al., 2018; 
Ali et al., 2019; Aboelwafa et al., 2020; Singh et al., 2020). Apart 
from antioxidant properties, Silymarin treatment has shown anti-
inflammatory action in AD models by suppressing toll-like 
receptor 4 (TLR4) pathways and decreasing the increased mRNA 
levels of TNF-α, IL-1β and NF-κB (Ali et al., 2019; Aboelwafa 
et al., 2020). Silymarin has also exhibited estrogen-like activity 
through selective activation of ER-β (Seidlova-Wuttke et al., 2003; 
Plíšková et al., 2005). Recently, the regulative effects of Silymarin 
treatment on the relative abundance of essential gut microbiota 
involved in AD development have also been studied in transgenic 

APP/PS1 mice (Shen et  al., 2019). The beneficial effects of 
Silymarin based on the gut-brain axis have been discussed below 
in the subsequent headings.

Similarly, the neuroprotective roles of Silymarin in different PD 
models have been observed at behavioral and cellular levels. Some of 
the critical observations are improvement in catalepsy and motor 
impairment (Haddadi et  al., 2015), attenuation of increased 
myeloperoxidase activity (Haddadi et al., 2013), reduction of nitrite 
content and lipid peroxidation (Baluchnejadmojarad et al., 2010b), the 
elevation of antioxidant activity of enzymes like catalase, glutathione 
peroxidase, superoxide dismutase and glutathione reductase (Haddadi 
et  al., 2020b), reduction of pro-inflammatory cytokines IL-6 and 
TNF-α in CSF (Haddadi et al., 2013), and execution of anti-apoptotic 
effects by down-regulation of caspase-3, Bcl-2, Bax protein (Haddadi 
et  al., 2018). The dopaminergic neurons are rescued from 
neurodegeneration by Silymarin by modifying apoptotic pathways 
leading to the increasing death of apoptotic cells (Pérez-H et al., 2014). 
Silymarin treatment reduces CYP2E1, Bax, phosphorylated: 
unphosphorylated p53, GSTA4-4, VMAT2 and Caspase 9 gene 
expression in PD models (Singhal et al., 2011). In lipopolysaccharide 
animal models for PD, Silymarin also prevents dopaminergic neuronal 
loss by blocking microglia stimulation and NF-κB synthesis or 
through the suppression of major cytokines levels and nitric oxide 
levels after iNOS production (Wang et al., 2002).

However, the neuroprotective results of Silymarin are lacking in 
the case of other NDDs (like HD and amyotrophic lateral sclerosis), 
which can be beneficial additions to the above findings in future for a 
better understanding of the Silymarin effects on NDDs.

Silymarin for other neurological and 
cognitive disorders

Few studies of Silymarin in the case of brain ageing and brain 
tumors in animal models are available. In a study by Galhardi et al., 
2009, Silymarin treatment ameliorates oxidative stress by decreasing 
the level of oxidized proteins in the aged brain, thus preventing 
age-linked pathological deteriorative processes in the brain. Silymarin 
has also shown neuroprotective effects in different induced brain 
injury models by preventing oxidative damage (Nencini et al., 2007; 
Toklu et al., 2008).

Silymarin treatment is well-studied in the case of rodent 
models of cerebral ischemia. The Silymarin-induced 
neuroprotection during CI is attributed to its antioxidant, anti-
inflammatory and anti-apoptotic responses (Hou et  al., 2010; 
Raza et al., 2011; Moghaddam et al., 2020). Silymarin reduces 
oxidative stress by inhibiting the production of reactive oxygen 
species, inducible nitric oxide synthase and myeloperoxidase 
(Hou et  al., 2010). At the same time, it increases the level of 
antioxidant enzymes like superoxide dismutase, catalase, 
glutathione peroxidase, glutathione reductase, and glutathione 
(Moghaddam et  al., 2020). Silymarin exhibits an anti-
inflammatory response in CI damage by suppressing the 
activation of TNF-β, NF-κB, STAT-1, COX-2 and intrusion in 
leukocytes. These changes lead to a considerable reduction in 
brain cell death and necrotic tissue volume, improvement in 
memory loss and psychomotor behavior in the ischemic rat 
model (Muley et al., 2012, 2013). Other research has found that 
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Silymarin medication reduces brain damage (Karabag and 
Koçarslan, 2020), brain swelling and lesion volume, the severity 
of the cognitive disorder and motor deficits (Gupta and Gupta, 
2017), and TNF- and IL-6 mRNA expression (Kosari-Nasab et al., 
2018; Moghaddam et  al., 2020) in ischemic animal models. 
Silymarin downregulates several apoptotic-inducing molecules 
like p53, Caspase-3 and 9, and Apaf-1; and triggers the intrinsic 
pathway of apoptosis by preventing the apoptosome formation in 
the ischemic rat model (Raza et al., 2011). The activation of the 
Akt/mTOR signaling pathway, downregulation of the 
inflammatory indicator protein (NF-κB) and upregulation of the 
anti-apoptotic indicator protein (Bcl-2) in the CI brain are other 
mechanisms of neuroprotection conferred by Silybinin, one of 
the biologically active ingredients of Silymarin (Wang et  al., 
2012). Furthermore, Silymarin works as a neuroprotective drug 
in intracerebral hemorrhage by downregulating the expression of 
NLRP3 and p65 (components of NF-κB), the inflammasome-
mediated caspase-1/IL-1 production and upregulating the Nrf-2/
HO-1 signaling in mice model (Yuan et al., 2017).

Multiple sclerosis is the most frequent immune-mediated 
neurological disorder, where neuronal demyelination causes abrupt 
signal transmission (Huang et al., 2017). The effects of Silymarin on 
MS are also studied in different in vitro and clinical studies (Navabi 
et al., 2019; Shariati et al., 2019; Abbasirad et al., 2021; Ghiasian et al., 
2021). Silymarin has shown hepatoprotective effects and an 
antioxidant role in MS by decreasing the oxidative stress biomarkers, 
increasing the antioxidant enzyme level, and acting as a scavenger of 
free radicals (Ghiasian et al., 2021). In vitro studies and clinical trial 
also shows immunoregulatory, i.e., immunosuppressive effects on 
inflammatory responses in MS via the regulation of T-helper cells 
(Th1, Th17). It suppresses the proliferating activity of Th1 and Th17 
and inhibits the mRNA level of Th1’s specific transcription factor 
(T-bet) and interferon-gamma synthesis by these cells (Navabi et al., 
2019; Shariati et al., 2019; Abbasirad et al., 2021). It has also been 
found to be involved in increasing or restoring the regulatory T-cells 
(Treg) function in MS, most probably through activation of JAK3/
STAT5 signaling, thus resulting in anti-inflammatory and 
immunomodulatory effects (Shariati et  al., 2019; Abbasirad et  al., 
2021). These inhibitory effects of Silymarin on T-cell response have 
supported its application for the treatment of patients of autoimmune 
diseases, including MS (Gharagozloo et al., 2010, 2013b,c).

However, in the case of epilepsy, Silymarin does not show 
neuroprotective effects. In a study, it has been found that Silymarin 
pre-treatment was unable to protect and rescue the neurons of 
hippocampal regions against neurotoxicity in epileptic models 
(Sedaghat et al., 2017).

Silymarin’s role in cognitive impairments is also well-studied in 
animal studies (Reid et al., 1999; Lu et al., 2010; Neha et al., 2014; 
Yaghmaei et al., 2014; Yön et al., 2019). A study by Reid et al. (1999) 
showed that the Silymarin treatment improves ethanol-induced 
learning deficits in rats. In another study, Silymarin supplementation 
improved learning and memory in diabetes-induced cognitively 
impaired rats by elevating BDNF levels (Yön et al., 2019). Moreover, 
Silymarin administration has also shown significant improvement in 
memory function in high-fat diet-induced dementia and the amyloid 
b-induced Alzheimer’s model in mice and rats, respectively (Neha 
et al., 2014; Yaghmaei et al., 2014). Furthermore, the effect of silibinin 
on cognitive impairment is also associated with the ameliorative effect 

by decreasing the dopamine and serotonin values in the prefrontal 
cortex and hippocampus regions of the brain, respectively, in mice 
models (Lu et al., 2010).

Indirect effects of Silymarin through the 
gut–brain axis

Many studies have stated that Silymarin has low bioavailability 
because of poor water solubility (Dixit et al., 2007; Javed et al., 2011; 
Sornsuvit et al., 2018; Di Costanzo and Angelico, 2019; Kesharwani 
et  al., 2020). Silymarin intake through the oral route undergoes 
two-stage biotransformation, i.e., stages I  and II. The rapid and 
complete biotransformation of silybin during stage II and its 
absorption in the intestinal epithelium is the primary reason for its 
low bioavailability. However, it has been found that efflux transporters 
multidrug resistance-associated protein 2 (MRP2) and breast cancer 
resistance protein (BCRP) on the apical side of the intestinal 
epithelium also play a crucial role in further affecting the Silybin 
absorption and excretion, accounting for its low bioavailability (Xie 
et al., 2019). Few studies on cell lines and animal models have shown 
that the inhibitors of these two transporter proteins, Tangeretin, can 
augment Silybin absorption (Yuan et al., 2018; Xie et al., 2019).

The excretion of Silymarin involves rapid elimination of both free 
and compound forms in vivo. It has been discovered that urinary 
excretion of silybin is low, accounting for just 1–2% of an initial oral 
dosage over 24 h; however, hepatobiliary clearance is considerable, 
indicating the substantial involvement of the MRP2 efflux transporter 
(Miranda et  al., 2008; Xie et  al., 2019). The role of another efflux 
transporter P-gp (P-glycoprotein multidrug transporter), is also very 
well documented in various studies that hinder the entry of various 
therapeutic agents, including Silymarin, into the brain across BBB. The 
concurrent use of Silymarin with P-gp substrate and nanoformulations-
based P-gp trafficking approaches (like nanocarriers) are reported in 
many studies for easing the drug transport across BBB (Reddy et al., 
2016; Pathan and Shende, 2021).

The use of inhibitor Tangeretin against these efflux transporters is 
also reported to decrease silybin’s biliary excretion index and biliary 
clearance in vitro. Therefore, in the long run, these inhibitors of efflux 
transporters, which are accountable for the absorption and excretion 
of silybin and its metabolites, can enhance the bioavailability, 
bioactivity and pharmacological effects of silybin in vivo (Yuan et al., 
2018; Xie et al., 2019).

The role of Silymarin is also reported in other important metabolic 
disorders like obesity, diabetes, and fatty liver disease in different 
animal and human studies (Tajmohammadi et al., 2018). In a study by 
Qin et al. (2017), it was found that seed extracts of this medicinal plant 
have potential antidiabetic effects. Silymarin treatment in rats is 
protective against high-fat diet-induced metabolic disorders like 
obesity, hyperlipidemia, type 2 diabetes (T2D), and hepatopathy. 
These beneficial effects of Silymarin are a result of the significant 
reduction in high-sensitive C-reactive protein of serum, triglycerides, 
low-density lipoprotein cholesterol, total cholesterol, alanine 
transaminase, gamma-glutamyl transferase and insulin levels, thus 
indicating the possibility of using Silymarin as an effective supplement 
for the improvement of insulin and leptin sensitivity in these disorders 
(Sayin et al., 2016). In another study, Silymarin was found to reverse 
metabolic damage in a diabetic rat model by lowering blood glucose 
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levels, cholesterol, lipoperoxidation index and oxidative 
phosphorylation abnormalities in the liver’s mitochondria 
(Vengerovskii et al., 2007). Silymarin has also been shown to improve 
liver damage and insulin resistance by decreasing inflammatory 
response and plasma lipid levels in high-fat diet-induced obese and 
T2D mice (Guo et  al., 2016). Arshad et  al. (2022) also studied 
Silymarin’s protective role in controlling streptozotocin-induced T2D 
in rabbits. Not only in laboratory studies, but there are also pieces of 
evidence of Silymarin in clinical studies regarding the improvement 
of blood glucose levels and lipid profiles in T2D patients (Huseini 
et  al., 2006; Pereira et  al., 2016; Zarvandi et  al., 2017). The 
hypoglycemic effect of Silymarin in a diabetic rat model in the 
treatment and prevention of diabetic neuropathy is also well studied, 
as evidenced by the significant improvement in motor nerve 
conduction velocity, hyperalgesia, malondialdehyde level and 
antioxidant enzyme superoxide dismutase (Baluchnejadmojarad et al., 
2010a; Mannelli et al., 2012, 2013).

Silibinin has also reduced insulin resistance in the nonalcoholic 
fatty liver disease (NAFLD) animal model (Chou et  al., 2012; 
Salamone et al., 2012; Yao et al., 2013; Salomone et al., 2016; Zhong 
et al., 2017). The probable underlying mechanism for the same is the 
reduction of visceral obesity by a decrease in visceral fat, enhancement 
of lipolysis by upregulation of triglyceride lipase expression in adipose 
tissues and inhibition of gluconeogenesis by downregulation of 
associated genes (like forkhead box O1, glucose-6-phosphatase, PEP 
carboxykinase; Yao et  al., 2013). More specifically, Silymarin and 
Silibinin have been studied to control oxidative stress in lipid 
metabolism associated with NAFLD and nonalcoholic steatohepatitis 
(Salamone et al., 2012; Salomone et al., 2016). In a meta-analysis study 

by Zhong et  al. (2017), the therapeutic effect of Silymarin during 
NAFLD has been attributed to a considerable decrease in transaminase 
level. In another study, Silymarin has also been reported to alleviate 
the effects caused by long-term alcohol consumption in mice by 
reducing the liver size and total triglyceride levels to normal. It has 
also been found to restore normal histology in liver lobules, showing 
decreased accumulation of lipid drops, thus reducing liver damage to 
a great extent (Chou et al., 2012).

Molecular mechanisms of neuroprotection 
by Silymarin

The various mechanisms by which one can explain this 
neuroprotective effect of Silymarin in different models of brain disorders 
are linked to the regulation of neurotransmitters (Duan et al., 2015), 
inhibition of oxidative stress in the brain (Galhardi et al., 2009; Lu et al., 
2009b), inhibition of the inflammatory reaction associated with 
neurodegeneration (Wang et  al., 2012), regulation of neurotrophic 
factors (Song et al., 2017), mimicking of estrogenic activity (Kummer 
et  al., 2001; Seidlova-Wuttke et  al., 2003) and inhibition of cellular 
apoptotic machinery (Raza et al., 2011). The result of several tightly 
regulated neuronal pathways is the prevention of β-amyloid aggregation, 
neutrophil inhibition, regulation of inflammatory mediators, restoration 
of excitatory neurotransmitters, and neuronal survival, finally leading 
to normal cognitive functions (Figure 4).

The neuroprotective effects executed by Silymarin may 
be due to the involvement of the BDNF/TrkB pathway. BDNF/
TrkB is vital for the survival of the neurons, which generally get 

FIGURE 4

Molecular mechanisms of Silymarin during neuroprotection. BDNF: Brain Derived Neurotrophic Factor, TrkB: Tropomyosin receptor kinase B, GDNF: 
Glial cell line-derived neurotrophic factor, NE: Norepinephrine, DA: Dopamine, SOD: Superoxide dismutase, CAT: Catalase, GSH: Reduced 
L-glutathione, IL: Interleukin, TNF: Tumor necrosis factor, IFN: Interferons, MDA: malondialdehyde, NO: nitric oxide, iNOS: Inducible nitric oxide 
synthase, NFκB: Nuclear factor kappa B, AChE: Acetylcholinesterase.
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impacted during neurological disorders like anxiety and 
depression. Silibinin upregulates the expression of BDNF/TrkB 
and inhibits hippocampal neurons’ autophagy, hence ameliorating 
cognitive decline during neurological disorders (Song et  al., 
2017). Tabaa et  al. (2022) have also shown the modulation of 
endogenous dynorphin (Dyn)/glial cell line-derived neurotrophic 
factor (GDNF) and mitogen-activated protein kinase (MAPK) 
pathway by Silymarin during neurological disorders. This study 
found that Silymarin increases interleukin 10 (IL-10), GDNF and 
Dyn levels, decreases IFN-γ, TNFα, and IL-1β levels, and down-
regulated the MAPK pathway. In some studies, these 
neuroprotective effects of Silymarin are also reported to 
be correlated with its estrogen-like activity and potential to bind 
and activate ER-b (Kummer et al., 2001; Seidlova-Wuttke et al., 
2003; Plíšková et al., 2005; Baluchnejadmojarad et al., 2010b). 
Estrogen is well known to possess neuroprotective activity 
through different pathways, viz. genomic, nongenomic and anti-
inflammatory mechanisms.

In another study, the level of excitatory neurotransmitters (like 
serotonin, dopamine and norepinephrine), monoamines, BDNF, 
superoxide dismutase, and catalase are upregulated by the Silymarin, 
along with an inhibition of inflammatory pathways by decreasing the 
level of TNFα, IL-6, malondialdehyde formation, and serum 
corticosterone (Baluchnejadmojarad et al., 2010a,b;  Kosari-Nasab 
et al., 2018; Thakare et al., 2018; Haddadi et al., 2020a; Moghaddam 
et al., 2020). These regulations again hint at the anti-inflammatory and 
antioxidant properties of Silymarin. Many anatomical changes are 
observable during neurological disorders like degeneration of 
pyramidal neurons, astrocytes and oligodendrocytes, deranged myelin 
coats, defective BBB, focal degranulation of myelin sheaths, that were 
found to be restored after the treatment with Silymarin in animal 
studies (Aboelwafa et  al., 2020). Similarly, the reduced activity of 
glutathione, superoxide dismutase and catalase during neurological 
disorders is restored to a normal level by enhancing their activity 
significantly (Aboelwafa et al., 2020). Moreover, a decrease in the 
activity of lipid peroxidase, nitric oxide synthase, and 
acetylcholinesterase activity, as well as in the level of IL-1 β, prevents 
the aggregation of amyloid β, one of the major characteristic features 
of neurodegenerative disorders (Aboelwafa et al., 2020).

As the enteric and nervous systems are interconnected through 
the brain-gut axis, different biochemical signaling induced by the 
pharmacokinetics of Silymarin may affect the treatment of 
neurological disorders (Sayin et al., 2016). Silymarin has been found 
to impair the level of serum total cholesterol, low-density lipoprotein 
cholesterol (LDL-C), triglycerides, susceptible C-reactive protein, 
leptin, insulin, plasma transaminase and glucose during diabetes or 
insulin resistance (Sayin et al., 2016). On the other hand, lipolysis is 
enhanced by the upregulation of adipose triglyceride lipase, and 
gluconeogenesis is decreased by inhibition of forkhead box O1, PEP 
carboxykinase and glucose-6-phosphate expression level. An increase 
in lipolysis and inhibition of gluconeogenesis reduces insulin 
resistance and can attenuate the symptoms of neurological disorders 
(Yao et al., 2013).

Based on all the above findings, Silymarin can be a promising 
candidate drug for preventing brain disorders. Silymarin’s protective 
effects during NDs are precisely executed by improving the 
neuroplasticity and neurotransmission in these disorders (Yan 
et al., 2015).

Challenges and future directions in its 
pharmaceutical usage

Silymarin’s therapeutic benefits in neurological disorders via 
diverse pathways have led to the challenge of utilizing it in the 
pharmaceutical sector. In other words, various molecular mechanisms 
by which Silymarin can show its neuroprotective properties still need 
to be precise. For example, the binding of Silymarin to ER-β receptor 
leads to cellular signaling similar to estrogen, modulation of Aβ 
oligomerization without affecting the activity of β-site Amyloid-
precursor-protein Cleaving Enzyme (BACE) or cleavage of APP, the 
crossing of BBB by Silymarin etc. are some of the less explored avenues 
for the treatment of neurological disorders (Borah et  al., 2013). 
Consequently, more research is needed to traverse these pathways and 
fully understand Silymarin-mediated neuroprotection.

However, Silymarin is considered very safe in different studies, 
and fewer reports on its adverse effect show allergic responses 
(Geier et al., 1990; Jacobs et al., 2002). Silymarin is found to be safe 
at therapeutic doses in humans. It can be well tolerated even at a 
high dose (700 mg 3 times a day for 168 days) with gastrointestinal 
discomforts like nausea and diarrhea in some cases. In one clinical 
study, Silymarin was also reported as safe in pregnancy, but more 
human studies are required to confirm the same. Silymarin has 
been studied to have no significant effects on the cytochrome P450 
system. The non-toxic nature of Silymarin allows its urgent clinical 
evaluation for its potential use as a neuroprotective molecule 
in humans.

Silymarin side effects include moderate laxative effect, urticaria, 
nausea, abdominal discomfort, musculoskeletal pain, headache, and 
itchiness (Mayer et  al., 2005). Despite its multiple advantages, 
silibinin and all other compounds found in Silymarin, especially 
silychristin, appear to be potent thyroid disruptors by blocking the 
monocarboxylate transporter 8 (MCT8). Long-term silymarin 
usage can induce thyroid problems, and Silymarin can cause the 
Allan-Herndon-Dudley syndrome if used during pregnancy. 
However, the study on the interactions of Silymarin with the drug 
is low, which is another challenge in its pharmaceutical usage 
(Soleimani et al., 2019).

Another challenge of using Silymarin in pharmaceuticals was the 
low solubility of the molecule, resulting in low oral bioavailability 
from the gastrointestinal tract. It has been shown in the study that 
Silymarin has not only low aqueous solubility, but lipophilic properties 
are also lacking in the molecule (Woo et al., 2007). However, strategies 
like using solid dispersions, self-micro emulsifying drug delivery 
systems, liposomes and porous silica nanoparticles have been explored 
recently to improve the solubility and bioavailability of Silymarin 
(Ghosh et al., 2010; Yang et al., 2015). The self-micro emulsifying drug 
delivery system has shown a 3.6-fold boost in bioavailability (Woo 
et al., 2007). Moreover, a solid dispersion system (using Silymarin, 
polyvinylpyrrolidone and Tween-80) has shown an increase in the 
solubility by about 650-times along with the physical and chemical 
strength of the molecule by 6 months (Hwang et al., 2014).

Furthermore, silymarin-loaded porous silica nanoparticles 
produced an initial rapid discharge followed by continuous release of 
the molecule over 72 h (Cao et al., 2012), and liposome-mediated 
silymarin administration produced superior outcomes in terms of 
solubility and bioavailability than silymarin solution (Kumar et al., 
2014). Recently, an adequate formulation of Silymarin prepared using 
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chitosan nanoparticles was used for treating cerebral ischemia/
reperfusion injury in rats. The results showed more effective preventive 
effects via improvement in the bioavailability of the molecule 
(Moghaddam et al., 2020).

Conclusion

The present review article summarizes the essential 
neuroprotective activities and therapeutic potential of the 
Silymarin molecule in different brain disorders, including 
neurodegenerative, psychiatric and cognitive disorders. The 
mode of action or mechanism by which this neuroprotective 
nature of Silymarin is exhibited is very diverse, ranging from 
general antioxidant, anti-apoptotic, and anti-inflammatory to 
specific anti -amyloidogenic and pro-estrogenic natures. These 
diverse neuroprotective mechanisms exhibited by this molecule 
in the brain hold great promise to be considered a new candidate 
for the biomedical treatment of brain disorders. The non-toxic 
nature gives an extra advantage to Silymarin as a holistic 
medication for NDs. However, further research on its low 
aqueous solubility and bioavailability in the brain must be taken 
care of to prepare the molecule for any final clinical trials of such 
brain disorders. More human trials with Silymarin treatment, 
knowledge of precise molecular mechanisms of neurological 
disorders and integration of nanotechnology during the synthesis 
and delivery of Silymarin nanoformulations can help us to utilize 
the maximum benefit of this promising pharmacological agent 
for the treatment of neurological disorders in future.

Author contributions

SR: literature review, data analysis, and writing—figures and 
original draft. AG: conceptualization, writing—figures, review and 
final editing. All authors contributed to the article and approved the 
submitted version.

Acknowledgments

AG is thankful to the University of Hyderabad for providing the 
infrastructure and financial support through institutional funding 
Institute of Eminence (IOE).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
Abbasirad, F., Shaygannejad, V., Hosseininasab, F., Mirmosayyeb, O., Mahaki, B., 

Moayedi, B., et al. (2021). Significant immunomodulatory and hepatoprotective impacts 
of Silymarin in MS patients: a double-blind placebo-controlled clinical trial. Int. 
Immunopharmacol. 97:107715. doi: 10.1016/j.intimp.2021.107715

Aboelwafa, H. R., El-Kott, A. F., Abd-Ella, E. M., and Yousef, H. N. (2020). The 
possible neuroprotective effect of Silymarin against aluminum chloride-prompted 
Alzheimer's-like disease in rats. Brain Sci. 10:628. doi: 10.3390/brainsci10090628

AbouZid, S. F., Chen, S.-N., McAlpine, J. B., Friesen, J. B., and Pauli, G. F. (2016). 
Silybum marianum pericarp yields enhanced silymarin products. Fitoterapia 112, 
136–143. doi: 10.1016/j.fitote.2016.05.012

Agrawal, M., and Biswas, A. (2015). Molecular diagnostics of neurodegenerative 
disorders. Front. Mol. Biosci. 2:54. doi: 10.3389/fmolb.2015.00054

Al-Drees, A., and Khalil, M. S. (2016). Histological and immunohistochemical effects 
of L-arginine and silymarin on TNBS-induced inflammatory bowel disease in rats. 
Histol. Histopathol. 31, 1259–1270.

Ali, N. M., Mahmoud, A. A., Mahmoud, M. F., and El Fayoumi, H. M. (2019). 
Glycyrrhizic acid and Silymarin alleviate the neurotoxic effects of aluminum in rats 
challenged with fructose-induced insulin resistance: possible role of toll-like 
receptor 4 pathway. Drug Chem. Toxicol. 42, 210–219. doi: 10.1080/01480545. 
2018.1544984

Amato, A., Terzo, S., and Mulè, F. (2019). Natural compounds as beneficial antioxidant 
agents in neurodegenerative disorders: a focus on Alzheimer’s disease. Antioxidants 
8:608. doi: 10.3390/antiox8120608

Arshad, A., Pervaiz, S., Errum, A., Mahmood, A., Asghar, H., Maqsood, S., et al. 
(2022). Evaluation of Antidiabetic effect of Silybum marianum and Cichorium intybus 
extracts. Pak. J. Med. Health Sci. 16, 820–823. doi: 10.53350/pjmhs22161820

Baluchnejadmojarad, T., Roghani, M., and Khastehkhodaie, Z. (2010a). Chronic 
treatment of Silymarin improves hyperalgesia and motor nerve conduction velocity in 
diabetic neuropathic rat. Phytother. Res. 24, 1120–1125. doi: 10.1002/ptr.3078

Baluchnejadmojarad, T., Roghani, M., and Mafakheri, M. (2010b). Neuroprotective 
effect of Silymarin in 6-hydroxydopamine hemi-parkinsonian rat: involvement of 
estrogen receptors and oxidative stress. Neurosci. Lett. 480, 206–210. doi: 10.1016/j.
neulet.2010.06.038

Bansal, N., Gill, R., and Gupta, G. D. (2013). Silymarin: a flavolignan with 
antidepressant activity. Int. J. Pharm. Innov. 93–98.

Biedermann, D., Buchta, M., Holečková, V., Sedlák, D., Valentová, K. I., Cvačka, J., 
et al. (2016). Silychristin: skeletal alterations and biological activities. J. Nat. Prod. 79, 
3086–3092. doi: 10.1021/acs.jnatprod.6b00750

Borah, A., Paul, R., Choudhury, S., Choudhury, A., Bhuyan, B., Das Talukdar, A., et al. 
(2013). Neuroprotective potential of Silymarin against CNS disorders: insight into the 
pathways and molecular mechanisms of action. CNS Neurosci. Ther. 19, 847–853. doi: 
10.1111/cns.12175

Byers, A. L., and Yaffe, K. (2011). Depression and risk of developing dementia. Nat. 
Rev. Neurol. 7, 323–331. doi: 10.1038/nrneurol.2011.60

Cao, X., Fu, M., Wang, L., Liu, H., Deng, W., Qu, R., et al. (2012). Oral bioavailability 
of Silymarin formulated as a novel 3-day delivery system based on porous silica 
nanoparticles. Acta Biomater. 8, 2104–2112. doi: 10.1016/j.actbio.2012.02.011

Chou, C. H., Chen, Y. C., Hsu, M. C., Tsai, W. L., Chang, C. Y., and Chiu, C. H. 
(2012). Effect of Silymarin on lipid and alcohol metabolism in mice following long-
term alcohol consumption. J. Food Biochem. 36, 369–377. doi: 
10.1111/j.1745-4514.2011.00543.x

Das, A., Baidya, R., Chakraborty, T., Samanta, A. K., and Roy, S. (2021). 
Pharmacological basis and new insights of taxifolin: a comprehensive review. Biomed. 
Pharmacother. 142:112004. doi: 10.1016/j.biopha.2021.112004

Deep, G., Oberlies, N. H., Kroll, D. J., and Agarwal, R. (2007). Isosilybin B and 
isosilybin a inhibit growth, induce G1 arrest and cause apoptosis in human prostate 
cancer LNCaP and 22Rv1 cells. Carcinogenesis 28, 1533–1542. doi: 10.1093/carcin/
bgm069

Di Costanzo, A., and Angelico, R. (2019). Formulation strategies for enhancing the 
bioavailability of silymarin: the state of the art. Molecules 24:2155. doi: 10.3390/
molecules24112155

DiLuca, M., and Olesen, J. (2014). The cost of brain diseases: a burden or a challenge? 
Neuron 82, 1205–1208. doi: 10.1016/j.neuron.2014.05.044

Dixit, N., Baboota, S., Kohli, K., Ahmad, S., and Ali, J. (2007). Silymarin: a review of 
pharmacological aspects and bioavailability enhancement approaches. Indian J. 
Pharmacol. 39:172. doi: 10.4103/0253-7613.36534

https://doi.org/10.3389/fnins.2023.1159806
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.intimp.2021.107715
https://doi.org/10.3390/brainsci10090628
https://doi.org/10.1016/j.fitote.2016.05.012
https://doi.org/10.3389/fmolb.2015.00054
https://doi.org/10.1080/01480545.2018.1544984
https://doi.org/10.1080/01480545.2018.1544984
https://doi.org/10.3390/antiox8120608
https://doi.org/10.53350/pjmhs22161820
https://doi.org/10.1002/ptr.3078
https://doi.org/10.1016/j.neulet.2010.06.038
https://doi.org/10.1016/j.neulet.2010.06.038
https://doi.org/10.1021/acs.jnatprod.6b00750
https://doi.org/10.1111/cns.12175
https://doi.org/10.1038/nrneurol.2011.60
https://doi.org/10.1016/j.actbio.2012.02.011
https://doi.org/10.1111/j.1745-4514.2011.00543.x
https://doi.org/10.1016/j.biopha.2021.112004
https://doi.org/10.1093/carcin/bgm069
https://doi.org/10.1093/carcin/bgm069
https://doi.org/10.3390/molecules24112155
https://doi.org/10.3390/molecules24112155
https://doi.org/10.1016/j.neuron.2014.05.044
https://doi.org/10.4103/0253-7613.36534


Ranjan and Gautam 10.3389/fnins.2023.1159806

Frontiers in Neuroscience 11 frontiersin.org

Duan, S., Guan, X., Lin, R., Liu, X., Yan, Y., Lin, R., et al. (2015). Silibinin inhibits 
acetylcholinesterase activity and amyloid β peptide aggregation: a dual-target drug for 
the treatment of Alzheimer’s disease. Neurobiol. Aging 36, 1792–1807. doi: 10.1016/j.
neurobiolaging.2015.02.002

El-Elimat, T., Alzoubi, K. H., AbuAlSamen, M. M., Al Subeh, Z. Y., Graf, T. N., and 
Oberlies, N. H. (2019). Silymarin prevents memory impairments, anxiety, and 
depressive-like symptoms in a rat model of post-traumatic stress disorder. Planta Med. 
85, 32–40. doi: 10.1055/a-0710-5673

El-Marasy, S. A., Abd-Elsalam, R. M., and Ahmed-Farid, O. A. (2018). Ameliorative 
effect of Silymarin on scopolamine-induced dementia in rats. Open Access Maced. J. 
Med. Sci. 6, 1215–1224. doi: 10.3889/oamjms.2018.257

Fraschini, F., Demartini, G., and Esposti, D. (2002). Pharmacology of Silymarin. Clin. 
Drug Investig. 22, 51–65. doi: 10.2165/00044011-200222010-00007

Galhardi, F., Mesquita, K., Monserrat, J. M., and Barros, D. M. (2009). Effect of 
Silymarin on biochemical parameters of oxidative stress in aged and young rat brain. 
Food Chem. Toxicol. 47, 2655–2660. doi: 10.1016/j.fct.2009.07.030

Gautam, A. (2022). Towards modern-age advanced sensors for the management of 
neurodegenerative disorders: current status, challenges and prospects. ECS Sensors Plus. 
1. doi: 10.1149/2754-2726/ac973e

Gazzaniga, M. S., and Heatherton, T. F. (2006). Psychological Science. New York, NY: 
WW Norton 8c Company, Inc.

Geier, J., Fuchs, T., and Wahl, R. (1990). Anaphylactic shock due to an extract of 
Silybum marianum in a patient with immediate-type allergy to kiwi fruit. Allergologie 
13, 387–388.

Gharagozloo, M., Jafari, S., Esmaeil, N., Javid, E. N., Bagherpour, B., and Rezaei, A. 
(2013b). Immunosuppressive effect of silymarin on mitogen-activated protein kinase 
signalling pathway: the impact on T cell proliferation and cytokine production. Basic 
Clin. Pharmacol. Toxicol. 113, 209–214. doi: 10.1111/bcpt.12088

Gharagozloo, M., Javid, E. N., Rezaei, A., and Mousavizadeh, K. (2013c). Silymarin 
inhibits cell cycle progression and m TOR activity in activated human T cells: 
therapeutic implications for autoimmune diseases. Basic Clin. Pharmacol. Toxicol. 112, 
251–256. doi: 10.1111/bcpt.12032

Gharagozloo, M., Karimi, M., and Amirghofran, Z. (2013a). Immunomodulatory 
effects of silymarin in patients with β-thalassemia major. Int. Immunopharmacol. 16, 
243–247.

Gharagozloo, M., Velardi, E., Bruscoli, S., Agostini, M., Di Sante, M., Donato, V., et al. 
(2010). Silymarin suppress CD4+ T cell activation and proliferation: effects on NF-κB 
activity and IL-2 production. Pharmacol. Res. 61, 405–409. doi: 10.1016/j.
phrs.2009.12.017

Ghiasian, M., Nafisi, H., Ranjbar, A., Mohammadi, Y., and Ataei, S. (2021). 
Antioxidative effects of Silymarin on the reduction of liver complications of fingolimod 
in patients with relapsing–remitting multiple sclerosis: a clinical trial study. J. Biochem. 
Mol. Toxicol. 35:e22800. doi: 10.1002/jbt.22800

Ghosh, A., Ghosh, T., and Jain, S. (2010). Silymarin-a review on the pharmacodynamics 
and bioavailability enhancement approaches. J. Pharm. Sci. Technol. 2, 348–355.

Grant, J. E., and Odlaug, B. L. (2015). Silymarin treatment of obsessive-compulsive 
spectrum disorders. J. Clin. Psychopharmacol. 35, 340–342. doi: 10.1097/
JCP.0000000000000327

Guo, Y., Wang, S., Wang, Y., and Zhu, T. (2016). Silymarin improved diet-induced liver 
damage and insulin resistance by decreasing inflammation in mice. Pharm. Biol. 54, 
2995–3000. doi: 10.1080/13880209.2016.1199042

Gupta, S., and Gupta, Y. K. (2017). Combination of Zizyphus jujuba and Silymarin 
showed better neuroprotective effect as compared to single agent in MCAo-induced 
focal cerebral ischemia in rats. J. Ethnopharmacol. 197, 118–127. doi: 10.1016/j.
jep.2016.07.060

Guzelad, O., Ozkan, A., Parlak, H., Sinen, O., Afşar, E., Öğüt, E., et al. (2021). 
Protective mechanism of Syringic acid in an experimental model of Parkinson’s disease. 
Metab. Brain Dis. 36, 1003–1014. doi: 10.1007/s11011-021-00704-9

Haddadi, R., Brooshghalan, S. E., Farajniya, S., Nayebi, A. M., and Sharifi, H. (2015). 
Short-term treatment with Silymarin improved 6-OHDA-induced catalepsy and motor 
imbalance in hemi-parkisonian rats. Adv. Pharm. Bull. 5, 463–469. doi: 10.15171/
apb.2015.063

Haddadi, R., Eyvari-Brooshghalan, S., Nayebi, A. M., Sabahi, M., and Ahmadi, S. A. 
(2020a). Neuronal degeneration and oxidative stress in the SNc of 6-OHDA intoxicated 
rats; improving role of silymarin long-term treatment. Naunyn Schmiedeberg's Arch. 
Pharmacol. 393, 2427–2437. doi: 10.1007/s00210-020-01954-7

Haddadi, R., Nayebi, A. M., and Brooshghalan, S. E. (2013). Pre-treatment with 
Silymarin reduces brain myeloperoxidase activity and inflammatory cytokines in 
6-OHDA hemi-parkinsonian rats. Neurosci. Lett. 555, 106–111. doi: 10.1016/j.
neulet.2013.09.022

Haddadi, R., Nayebi, A. M., and Brooshghalan, S. E. (2018). Silymarin prevents 
apoptosis through inhibiting the Bax/caspase-3 expression and suppresses toll like 
receptor-4 pathway in the SNc of 6-OHDA intoxicated rats. Biomed. Pharmacother. 104, 
127–136. doi: 10.1016/j.biopha.2018.05.020

Haddadi, R., Shahidi, Z., and Eyvari-Brooshghalan, S. (2020b). Silymarin and 
neurodegenerative diseases: therapeutic potential and basic molecular mechanisms. 
Phytomedicine 79:153320. doi: 10.1016/j.phymed.2020.153320

Hofmann, S. G. (2014). Toward a cognitive-behavioral classification system for mental 
disorders. Behav. Ther. 45, 576–587. doi: 10.1016/j.beth.2014.03.001

Hou, Y.-C., Liou, K.-T., Chern, C.-M., Wang, Y.-H., Liao, J.-F., Chang, S., et al. (2010). 
Preventive effect of Silymarin in cerebral ischemia–reperfusion-induced brain injury in 
rats possibly through impairing NF-κB and STAT-1 activation. Phytomedicine 17, 
963–973. doi: 10.1016/j.phymed.2010.03.012

Huang, W. J., Chen, W. W., and Zhang, X. (2017). Multiple sclerosis: pathology, 
diagnosis and treatments. Exp. Ther. Med. 13, 3163–3166. doi: 10.3892/etm.2017.4410

Huseini, H. F., Larijani, B., Heshmat, R., Fakhrzadeh, H., Radjabipour, B., Toliat, T., 
et al. (2006). The efficacy of Silybum marianum (L.) Gaertn.(Silymarin) in the treatment 
of type II diabetes: a randomized, double-blind, placebo-controlled, clinical trial. 
Phytother. Res. 20, 1036–1039. doi: 10.1002/ptr.1988

Hwang, D. H., Kim, Y.-I., Cho, K. H., Poudel, B. K., Choi, J. Y., Kim, D.-W., et al. 
(2014). A novel solid dispersion system for natural product-loaded medicine: silymarin-
loaded solid dispersion with enhanced oral bioavailability and hepatoprotective activity. 
J. Microencapsul. 31, 619–626. doi: 10.3109/02652048.2014.911375

Jacob, E. L., Gatto, N. M., Thompson, A., Bordelon, Y., and Ritz, B. (2010). Occurrence 
of depression and anxiety prior to Parkinson’s disease. Parkinsonism Relat. Disord. 16, 
576–581. doi: 10.1016/j.parkreldis.2010.06.014

Jacobs, B. P., Dennehy, C., Ramirez, G., Sapp, J., and Lawrence, V. A. (2002). Milk 
thistle for the treatment of liver disease: a systematic review and meta-analysis. Am. J. 
Med. 113, 506–515. doi: 10.1016/S0002-9343(02)01244-5

Javed, S., Kohli, K., and Ali, M. (2011). Reassessing bioavailability of Silymarin. Altern. 
Med. Rev. 16, 239–249.

Karabag, H., and Koçarslan, S. (2020). Comparison of the effects of thymoquinone 
and Silymarin on the brain of rats having ischemia-reperfusion in the lower extremities. 
Ann. Ital. Chir. 91, 131–136.

Karimi, G., Vahabzadeh, M., Lari, P., Rashedinia, M., and Moshiri, M. (2011). 
"Silymarin", a promising pharmacological agent for the treatment of diseases. Iran. J. 
Basic Med. Sci. 14, 308–317.

Kaur, M., and Agarwal, R. (2007). Silymarin and epithelial cancer chemoprevention: 
how close we are to bedside? Toxicol. Appl. Pharmacol. 224, 350–359. doi: 10.1016/j.
taap.2006.11.011

Kesharwani, S. S., Jain, V., Dey, S., Sharma, S., Mallya, P., and Kumar, V. A. (2020). An 
overview of advanced formulation and nanotechnology-based approaches for solubility 
and bioavailability enhancement of silymarin. J. Drug Deliv. Sci. Technol. 60:102021. doi: 
10.1016/j.jddst.2020.102021

Khan, I., Khattak, H. U., Ullah, I., and Bangash, F. K. (2007). Study of the 
physicochemical properties of Silybum marianum Saeed oil. J. Chem. Soc. Pak. 29:545.

Khanna, A., Shin, S., and Rao, M. S. (2008). Stem cells for the treatment of neurological 
disorders. CNS Neurol. Disord. Drug Targets 7, 98–109. doi: 10.2174/187152708783885183

Khoshnoodi, M., Fakhraei, N., and Dehpour, A. R. (2015). Possible involvement of 
nitric oxide in antidepressant-like effect of Silymarin in male mice. Pharm. Biol. 53, 
739–745. doi: 10.3109/13880209.2014.942787

Kosari-Nasab, M., Shokouhi, G., Ghorbanihaghjo, A., Abbasi, M. M., and Salari, A.-A. 
(2018). Anxiolytic-and antidepressant-like effects of Silymarin compared to diazepam 
and fluoxetine in a mouse model of mild traumatic brain injury. Toxicol. Appl. 
Pharmacol. 338, 159–173. doi: 10.1016/j.taap.2017.11.012

Kousar, K., Majeed, A., Yasmin, F., Hussain, W., and Rasool, N. (2020). Phytochemicals 
from selective plants have promising potential against SARS-CoV-2: investigation and 
corroboration through molecular docking, MD simulations, and quantum computations. 
BioMed Res. Int. 2020:6237160. doi: 10.1155/2020/6237160

Křen, V., and Walterová, D. (2005). Silybin and silymarin-new effects and applications. 
Biomed Papers 149, 29–41. doi: 10.5507/bp.2005.002

Kumar, J., Park, K.-C., Awasthi, A., and Prasad, B. (2015). Silymarin extends lifespan 
and reduces proteotoxicity in C. elegans Alzheimer’s model. CNS Neurol. Disord. Drug 
Targets 14, 295–302. doi: 10.2174/1871527314666150116110212

Kumar, N., Rai, A., Reddy, N. D., Raj, P. V., Jain, P., Deshpande, P., et al. (2014). 
Silymarin liposomes improves oral bioavailability of silybin besides targeting 
hepatocytes, and immune cells. Pharmacol. Rep. 66, 788–798. doi: 10.1016/j.
pharep.2014.04.007

Kummer, V., Maskova, J., Canderle, J., Zraly, Z., Neca, J., and Machala, M. (2001). 
Estrogenic effects of Silymarin in ovariectomized rats. Vet. Med. 46, 17–23. doi: 
10.17221/7846-VETMED

Latacela, G. A., Ramaiah, P., Patra, I., Jalil, A. T., Gupta, R., Madaminov, F. A., et al. (2023). 
The Radioprotective potentials of Silymarin/Silibinin against radiotherapy-induced toxicities: 
a systematic review of clinical and experimental studies. Curr. Med. Chem. 30, 3775–3797.

Li, X., Zhang, X., Xing, R., Qi, F., Dong, J., Li, D., et al. (2021). Syringic acid 
demonstrates promising protective effect against tau fibrillization and cytotoxicity 
through regulation of endoplasmic reticulum stress-mediated pathway as a prelude to 
Alzheimer's disease. Int. J. Biol. Macromol. 192, 491–497. doi: 10.1016/j.
ijbiomac.2021.09.173

Lu, P., Mamiya, T., Lu, L., Mouri, A., Niwa, M., Hiramatsu, M., et al. (2009a). Silibinin 
attenuates amyloid β25–35 peptide-induced memory impairments: implication of 
inducible nitric-oxide synthase and tumor necrosis factor-α in mice. J. Pharmacol. Exp. 
Ther. 331, 319–326. doi: 10.1124/jpet.109.155069

https://doi.org/10.3389/fnins.2023.1159806
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.neurobiolaging.2015.02.002
https://doi.org/10.1016/j.neurobiolaging.2015.02.002
https://doi.org/10.1055/a-0710-5673
https://doi.org/10.3889/oamjms.2018.257
https://doi.org/10.2165/00044011-200222010-00007
https://doi.org/10.1016/j.fct.2009.07.030
https://doi.org/10.1149/2754-2726/ac973e
https://doi.org/10.1111/bcpt.12088
https://doi.org/10.1111/bcpt.12032
https://doi.org/10.1016/j.phrs.2009.12.017
https://doi.org/10.1016/j.phrs.2009.12.017
https://doi.org/10.1002/jbt.22800
https://doi.org/10.1097/JCP.0000000000000327
https://doi.org/10.1097/JCP.0000000000000327
https://doi.org/10.1080/13880209.2016.1199042
https://doi.org/10.1016/j.jep.2016.07.060
https://doi.org/10.1016/j.jep.2016.07.060
https://doi.org/10.1007/s11011-021-00704-9
https://doi.org/10.15171/apb.2015.063
https://doi.org/10.15171/apb.2015.063
https://doi.org/10.1007/s00210-020-01954-7
https://doi.org/10.1016/j.neulet.2013.09.022
https://doi.org/10.1016/j.neulet.2013.09.022
https://doi.org/10.1016/j.biopha.2018.05.020
https://doi.org/10.1016/j.phymed.2020.153320
https://doi.org/10.1016/j.beth.2014.03.001
https://doi.org/10.1016/j.phymed.2010.03.012
https://doi.org/10.3892/etm.2017.4410
https://doi.org/10.1002/ptr.1988
https://doi.org/10.3109/02652048.2014.911375
https://doi.org/10.1016/j.parkreldis.2010.06.014
https://doi.org/10.1016/S0002-9343(02)01244-5
https://doi.org/10.1016/j.taap.2006.11.011
https://doi.org/10.1016/j.taap.2006.11.011
https://doi.org/10.1016/j.jddst.2020.102021
https://doi.org/10.2174/187152708783885183
https://doi.org/10.3109/13880209.2014.942787
https://doi.org/10.1016/j.taap.2017.11.012
https://doi.org/10.1155/2020/6237160
https://doi.org/10.5507/bp.2005.002
https://doi.org/10.2174/1871527314666150116110212
https://doi.org/10.1016/j.pharep.2014.04.007
https://doi.org/10.1016/j.pharep.2014.04.007
https://doi.org/10.17221/7846-VETMED
https://doi.org/10.1016/j.ijbiomac.2021.09.173
https://doi.org/10.1016/j.ijbiomac.2021.09.173
https://doi.org/10.1124/jpet.109.155069


Ranjan and Gautam 10.3389/fnins.2023.1159806

Frontiers in Neuroscience 12 frontiersin.org

Lu, P., Mamiya, T., Lu, L., Mouri, A., Niwa, M., Kim, H.-C., et al. (2010). Silibinin 
attenuates cognitive deficits and decreases of dopamine and serotonin induced by 
repeated methamphetamine treatment. Behav. Brain Res. 207, 387–393. doi: 10.1016/j.
bbr.2009.10.024

Lu, P., Mamiya, T., Lu, L., Mouri, A., Zou, L., Nagai, T., et al. (2009b). Silibinin prevents 
amyloid β peptide-induced memory impairment and oxidative stress in mice. Br. J. 
Pharmacol. 157, 1270–1277. doi: 10.1111/j.1476-5381.2009.00295.x

Majeed, A., Hussain, W., Yasmin, F., Akhtar, A., and Rasool, N. (2021). Virtual 
screening of phytochemicals by targeting HR1 domain of SARS-CoV-2 S protein: 
molecular docking, molecular dynamics simulations, and DFT studies. Biomed Res. Int. 
2021:6661191. doi: 10.1155/2021/6661191

Mannelli, L. D. C., Zanardelli, M., Failli, P., and Ghelardini, C. (2012). Oxaliplatin-
induced neuropathy: oxidative stress as pathological mechanism. Protective effect of 
silibinin. J. Pain 13, 276–284. doi: 10.1016/j.jpain.2011.11.009

Mannelli, L. D. C., Zanardelli, M., Failli, P., and Ghelardini, C. (2013). Oxaliplatin-
induced oxidative stress in nervous system-derived cellular models: could it correlate 
with in vivo neuropathy? Free Radic. Biol. Med. 61, 143–150. doi: 10.1016/j.
freeradbiomed.2013.03.019

Mao, Q.-Q., Xian, Y.-F., Ip, S.-P., and Che, C.-T. (2011). Involvement of serotonergic 
system in the antidepressant-like effect of piperine. Prog. Neuro-Psychopharmacol. Biol. 
Psychiatry 35, 1144–1147. doi: 10.1016/j.pnpbp.2011.03.017

Mathers, C. D., Bernard, C., Iburg, K. M., Inoue, M., Ma Fat, D., Shibuya, K., et al. 
(2003). Global Burden of Disease in 2002: Data Sources, Methods and Results. Geneva: 
World Health Organization 54.

Mayer, K., Myers, R., and Lee, S. (2005). Silymarin treatment of viral hepatitis: a 
systematic review. J. Viral Hepatitis 12, 559–567. doi: 10.1111/j.1365-2893.2005.00636.x

Miranda, S. R., Lee, J. K., Brouwer, K. L., Wen, Z., Smith, P. C., and Hawke, R. L. 
(2008). Hepatic metabolism and biliary excretion of silymarin flavonolignans in isolated 
perfused rat livers: role of multidrug resistance-associated protein 2 (Abcc2). Drug 
Metab. Disposition 36, 2219–2226. doi: 10.1124/dmd.108.021790

Moghaddam, A. H., Sangdehi, S. R. M., Ranjbar, M., and Hasantabar, V. (2020). 
Preventive effect of silymarin-loaded chitosan nanoparticles against global cerebral 
ischemia/reperfusion injury in rats. Eur. J. Pharmacol. 877:173066. doi: 10.1016/j.
ejphar.2020.173066

Morazzoni, P., Montalbetti, A., Malandrino, S., and Pifferi, G. (1993). Comparative 
pharmacokinetics of silipide and Silymarin in rats. Eur. J. Drug Metab. Pharmacokinet. 
18, 289–297. doi: 10.1007/BF03188811

Morishima, C., Shuhart, M. C., Wang, C. C., Paschal, D. M., Apodaca, M. C., Liu, Y., 
et al. (2010). Silymarin inhibits in vitro T-cell proliferation and cytokine production in 
hepatitis C virus infection. Gastroenterology 138:e672.

Muley, M. M., Thakare, V. N., Patil, R. R., Bafna, P. A., and Naik, S. R. (2013). 
Amelioration of cognitive, motor and endogenous defense functions with Silymarin, 
piracetam and protocatechuic acid in the cerebral global ischemic rat model. Life Sci. 93, 
51–57. doi: 10.1016/j.lfs.2013.05.020

Muley, M. M., Thakare, V. N., Patil, R. R., Kshirsagar, A. D., and Naik, S. R. (2012). 
Silymarin improves the behavioural, biochemical and histoarchitecture alterations in 
focal ischemic rats: a comparative evaluation with piracetam and protocatachuic acid. 
Pharmacol. Biochem. Behav. 102, 286–293. doi: 10.1016/j.pbb.2012.05.004

Murakami, K., Murata, N., Ozawa, Y., Irie, K., Shirasawa, T., and Shimizu, T. (2013). 
P2–418: vitamin C and Silymarin restores beta-amyloid oligomerization and behavioral 
abnormality in Alzheimer's disease pathology. Alzheimers Dement. 9:P510. doi: 
10.1016/j.jalz.2013.05.1068

Murata, N., Murakami, K., Ozawa, Y., Kinoshita, N., Irie, K., Shirasawa, T., et al. 
(2010). Silymarin attenuated the amyloid β plaque burden and improved behavioral 
abnormalities in an Alzheimer’s disease mouse model. Biosci., Biotechnol. Biochemist 
74, 2299–2306. doi: 10.1271/bbb.100524

Navabi, F., Shaygannejad, V., Abbasirad, F., Vaez, E., Hosseininasab, F., Kazemi, M., 
et al. (2019). Immunoregulatory effects of Silymarin on proliferation and activation of 
Th1 cells isolated from newly diagnosed and IFN-ss1b-treated MS patients. Inflammation 
42, 54–63. doi: 10.1007/s10753-018-0872-x

Nazemian, F., Karimi, G., Moatamedi, M., Charkazi, S., Shamsara, J., and 
Mohammadpour, A. H. (2010). Effect of silymarin administration on TNF-α serum 
concentration in peritoneal dialysis patients. Phytother. Res. 24, 1654–1657.

Neha, K. A., Jaggi, A. S., Sodhi, R. K., and Singh, N. (2014). Silymarin ameliorates 
memory deficits and neuropathological changes in mouse model of high-fat-diet-
induced experimental dementia. Naunyn Schmiedeberg's Arch. Pharmacol. 387, 777–787. 
doi: 10.1007/s00210-014-0990-4

Nencini, C., Giorgi, G., and Micheli, L. (2007). Protective effect of Silymarin on 
oxidative stress in rat brain. Phytomedicine 14, 129–135. doi: 10.1016/j.phymed. 
2006.02.005

Neha, J. A. S., and Singh, N. (2016). “Silymarin and its role in chronic diseases,” in 
Drug Discovery from Mother Nature. eds. S. Gupta, S. Prasad and B. Aggarwal, Advances 
in Experimental Medicine and Biology, vol. 929, 25–44. doi: 10.1007/978-3-319-41342-6_2

Nutt, D. J. (2008). Relationship of neurotransmitters to the symptoms of major 
depressive disorder. J. Clin. Psychiatry 69, 4–7.

Ogut, E., Akcay, G., Yildirim, F. B., Derin, N., and Aslan, M. (2022a). The influence of 
syringic acid treatment on total dopamine levels of the hippocampus and on cognitive 
behavioral skills. Int. J. Neurosci. 132, 901–909. doi: 10.1080/00207454.2020.1849191

Ogut, E., Armagan, K., and Gul, Z. (2022b). The role of syringic acid as a 
neuroprotective agent for neurodegenerative disorders and future expectations. Metab. 
Brain Dis. 37, 859–880. doi: 10.1007/s11011-022-00960-3

Ogut, E., Sekerci, R., Akcay, G., Yildirim, F. B., Derin, N., Aslan, M., et al. (2019). 
Protective effects of syringic acid on neurobehavioral deficits and hippocampal tissue 
damages induced by sub-chronic deltamethrin exposure. Neurotoxicol. Teratol. 
76:106839. doi: 10.1016/j.ntt.2019.106839

Osuchowski, M., Johnson, V., He, Q., and Sharma, R. (2004). Alterations in regional 
brain neurotransmitters by Silymarin, a natural antioxidant flavonoid mixture, in 
BALB/c mice. Pharm. Biol. 42, 384–389. doi: 10.1080/13880200490519712

Pathan, N., and Shende, P. (2021). Tailoring of P-glycoprotein for effective 
transportation of actives across blood-brain-barrier. J. Control. Release 335, 398–407. 
doi: 10.1016/j.jconrel.2021.05.046

Pepping, J. (1999). Milk thistle: Silybum marianum. Am. J. Health System Pharm. 56, 
1195–1197. doi: 10.1093/ajhp/56.12.1195

Pereira, T., Coco, L. Z., Ton, A. M., Meyrelles, S. S., Campos-Toimil, M., 
Campagnaro, B. P., et al. (2021). The emerging scenario of the gut–brain axis: the 
therapeutic actions of the new actor kefir against neurodegenerative diseases. 
Antioxidants 10:1845. doi: 10.3390/antiox10111845

Pereira, T. M. C., Pimenta, F. S., Porto, M. L., Baldo, M. P., Campagnaro, B. P., 
Gava, A. L., et al. (2016). Coadjuvants in the diabetic complications: nutraceuticals 
and drugs with pleiotropic effects. Int. J. Mol. Sci. 17:1273. doi: 10.3390/
ijms17081273

Pérez-H, J., Carrillo-S, C., García, E., Ruiz-Mar, G., Pérez-Tamayo, R., and 
Chavarría, A. (2014). Neuroprotective effect of Silymarin in a MPTP mouse model of 
Parkinson's disease. Toxicology 319, 38–43. doi: 10.1016/j.tox.2014.02.009

Petrie, M., McKay, G., and Fisher, M. (2015). Silymarin. Pract. Diabetes 32, 148–150. 
doi: 10.1002/pdi.1945

Plíšková, M., Vondráček, J., Křen, V., Gažák, R., Sedmera, P., Walterová, D., et al. 
(2005). Effects of silymarin flavonolignans and synthetic silybin derivatives on estrogen 
and aryl hydrocarbon receptor activation. Toxicology 215, 80–89. doi: 10.1016/j.
tox.2005.06.020

Qin, N. B., Jia, C. C., Xu, J., Li, D. H., Xu, F. X., Bai, J., et al. (2017). New amides from 
seeds of Silybum marianum with potential antioxidant and antidiabetic activities. 
Fitoterapia 119, 83–89. doi: 10.1016/j.fitote.2017.04.008

Rainone, F. (2005). Milk thistle. Am. Fam. Physician 72, 1285–1288.

Ranjan, S. (2020). Gender Specific Effect of Brain-Derived Neurotrophic Factor 
(BDNF) Gene SNP G196A on Susceptibility to Alzheimer’s Disease: A Meta-Analysis. 
Bulletin of Pure & Applied Sciences- Zoology 39a, 246–260. doi: 10.5958/2320-3188.2020. 
00028.5

Ranjan, S., and Sharma, P. K. (2018). Association of Brain-derived Neurotrophic 
Factor (BDNF) Gene SNPs G196A and C270T with Parkinson’s disease: A Meta- 
Analysis. Biomed. J. Sci. Tech. Res. 2018:2018. doi: 10.26717/BJSTR.2018.06.001314

Ravikumar Reddy, D., Khurana, A., Bale, S., Ravirala, R., Samba Siva Reddy, V., 
Mohankumar, M., et al. (2016). Natural flavonoids Silymarin and quercetin improve the 
brain distribution of co-administered P-gp substrate drugs. Springerplus 5:1618. doi: 
10.1186/s40064-016-3267-1

Raza, S. S., Khan, M. M., Ashafaq, M., Ahmad, A., Khuwaja, G., Khan, A., et al. (2011). 
Silymarin protects neurons from oxidative stress associated damages in focal cerebral 
ischemia: a behavioral, biochemical and immunohistological study in Wistar rats. J. 
Neurol. Sci. 309, 45–54. doi: 10.1016/j.jns.2011.07.035

Reid, C., Edwards, J., Wang, M., Manybeads, Y., Mike, L., Martinez, N., et al. (1999). 
Prevention by a silymarin/phospholipid compound of ethanol-induced social learning 
deficits in rats. Planta Med. 65, 421–424. doi: 10.1055/s-1999-14085

Salamone, F., Galvano, F., Cappello, F., Mangiameli, A., Barbagallo, I., and Volti, G. L. 
(2012). Silibinin modulates lipid homeostasis and inhibits nuclear factor kappa B 
activation in experimental nonalcoholic steatohepatitis. Transl. Res. 159, 477–486. doi: 
10.1016/j.trsl.2011.12.003

Saller, R., Meier, R., and Brignoli, R. (2001). The use of Silymarin in the treatment of 
liver diseases. Drugs 61, 2035–2063. doi: 10.2165/00003495-200161140-00003

Salomone, F., Godos, J., and Zelber-Sagi, S. (2016). Natural antioxidants for 
nonalcoholic fatty liver disease: molecular targets and clinical perspectives. Liver Int. 36, 
5–20. doi: 10.1111/liv.12975

Sayin, F. K., Buyukbas, S., Basarali, M. K., Alp, H., Toy, H., and Ugurcu, V. (2016). 
Effects of Silybum marianum extract on high-fat diet induced metabolic disorders in 
rats. Polish J. Food Nutr. Sci. 66, 43–49. doi: 10.1515/pjfns-2015-0014

Scott Luper, N. (1998). A review of plants used in the treatment of liver disease: part 
1. Altern. Med. Rev. 3, 410–421.

Sedaghat, R., Zarrinkhameh, Z., Afshin-Majd, S., Ansari, F., Sharayeli, M., and 
Roghani, M. (2017). The effect of Silymarin on prevention of hippocampus neuronal 
damage in rats with temporal lob epilepsy. J. Basic Clin. Pathophysiol. 5, 45–50.

https://doi.org/10.3389/fnins.2023.1159806
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.bbr.2009.10.024
https://doi.org/10.1016/j.bbr.2009.10.024
https://doi.org/10.1111/j.1476-5381.2009.00295.x
https://doi.org/10.1155/2021/6661191
https://doi.org/10.1016/j.jpain.2011.11.009
https://doi.org/10.1016/j.freeradbiomed.2013.03.019
https://doi.org/10.1016/j.freeradbiomed.2013.03.019
https://doi.org/10.1016/j.pnpbp.2011.03.017
https://doi.org/10.1111/j.1365-2893.2005.00636.x
https://doi.org/10.1124/dmd.108.021790
https://doi.org/10.1016/j.ejphar.2020.173066
https://doi.org/10.1016/j.ejphar.2020.173066
https://doi.org/10.1007/BF03188811
https://doi.org/10.1016/j.lfs.2013.05.020
https://doi.org/10.1016/j.pbb.2012.05.004
https://doi.org/10.1016/j.jalz.2013.05.1068
https://doi.org/10.1271/bbb.100524
https://doi.org/10.1007/s10753-018-0872-x
https://doi.org/10.1007/s00210-014-0990-4
https://doi.org/10.1016/j.phymed.2006.02.005
https://doi.org/10.1016/j.phymed.2006.02.005
https://doi.org/10.1007/978-3-319-41342-6_2
https://doi.org/10.1080/00207454.2020.1849191
https://doi.org/10.1007/s11011-022-00960-3
https://doi.org/10.1016/j.ntt.2019.106839
https://doi.org/10.1080/13880200490519712
https://doi.org/10.1016/j.jconrel.2021.05.046
https://doi.org/10.1093/ajhp/56.12.1195
https://doi.org/10.3390/antiox10111845
https://doi.org/10.3390/ijms17081273
https://doi.org/10.3390/ijms17081273
https://doi.org/10.1016/j.tox.2014.02.009
https://doi.org/10.1002/pdi.1945
https://doi.org/10.1016/j.tox.2005.06.020
https://doi.org/10.1016/j.tox.2005.06.020
https://doi.org/10.1016/j.fitote.2017.04.008
https://doi.org/10.5958/2320-3188.2020.00028.5
https://doi.org/10.5958/2320-3188.2020.00028.5
https://doi.org/10.26717/BJSTR.2018.06.001314
https://doi.org/10.1186/s40064-016-3267-1
https://doi.org/10.1016/j.jns.2011.07.035
https://doi.org/10.1055/s-1999-14085
https://doi.org/10.1016/j.trsl.2011.12.003
https://doi.org/10.2165/00003495-200161140-00003
https://doi.org/10.1111/liv.12975
https://doi.org/10.1515/pjfns-2015-0014


Ranjan and Gautam 10.3389/fnins.2023.1159806

Frontiers in Neuroscience 13 frontiersin.org

Seidlova-Wuttke, D., Becker, T., Christoffel, V., Jarry, H., and Wuttke, W. (2003). 
Silymarin is a selective estrogen receptor β (ERβ) agonist and has estrogenic effects in 
the metaphysis of the femur but no or antiestrogenic effects in the uterus of 
ovariectomized (ovx) rats. J. Steroid Biochem. Mol. Biol. 86, 179–188. doi: 10.1016/
S0960-0760(03)00270-X

Shariati, M., Shaygannejad, V., Abbasirad, F., Hosseininasab, F., Kazemi, M., 
Mirmosayyeb, O., et al. (2019). Silymarin restores regulatory t cells (TREGS) function 
in multiple sclerosis (MS) patients in vitro. Inflammation 42, 1203–1214. doi: 10.1007/
s10753-019-00980-9

Shen, L., Liu, L., Li, X.-Y., and Ji, H.-F. (2019). Regulation of gut microbiota in 
Alzheimer's disease mice by silibinin and Silymarin and their pharmacological 
implications. Appl. Microbiol. Biotechnol. 103, 7141–7149. doi: 10.1007/
s00253-019-09950-5

Singh, A., Kumar, A., Verma, R. K., and Shukla, R. (2020). Silymarin encapsulated 
nanoliquid crystals for improved activity against beta amyloid induced cytotoxicity. Int. 
J. Biol. Macromol. 149, 1198–1206. doi: 10.1016/j.ijbiomac.2020.02.041

Singhal, N. K., Srivastava, G., Patel, D. K., Jain, S. K., and Singh, M. P. (2011). 
Melatonin or Silymarin reduces maneb-and paraquat-induced Parkinson's disease 
phenotype in the mouse. J. Pineal Res. 50, 97–109. doi: 10.1111/j.1600-079X.2010.00819.x

Soleimani, V., Delghandi, P. S., Moallem, S. A., and Karimi, G. (2019). Safety and 
toxicity of Silymarin, the major constituent of milk thistle extract: an updated review. 
Phytother. Res. 33, 1627–1638. doi: 10.1002/ptr.6361

Song, X., Liu, B., Cui, L., Zhou, B., Liu, W., Xu, F., et al. (2017). Silibinin ameliorates 
anxiety/depression-like behaviors in amyloid β-treated rats by upregulating BDNF/TrkB 
pathway and attenuating autophagy in hippocampus. Physiol. Behav. 179, 487–493. doi: 
10.1016/j.physbeh.2017.07.023

Sornsuvit, C., Hongwiset, D., Yotsawimonwat, S., Toonkum, M., Thongsawat, S., and 
Taesotikul, W. (2018). The bioavailability and pharmacokinetics of silymarin SMEDDS 
formulation study in healthy thai volunteers. Evid. Based Complement. Alternat. Med. 
2018:1507834. doi: 10.1155/2018/1507834

Sunil, C., and Xu, B. (2019). An insight into the health-promoting effects of taxifolin 
(dihydroquercetin). Phytochemistry 166:112066. doi: 10.1016/j.phytochem.2019.112066

Tabaa, M. M. E., Aboalazm, H. M., Shaalan, M., and Khedr, N. F. (2022). Silymarin 
constrains diacetyl-prompted oxidative stress and neuroinflammation in rats: 
involvements of Dyn/GDNF and MAPK signaling pathway. Inflammopharmacology 30, 
961–980. doi: 10.1007/s10787-022-00961-9

Tajmohammadi, A., Razavi, B. M., and Hosseinzadeh, H. (2018). Silybum marianum 
(milk thistle) and its main constituent, Silymarin, as a potential therapeutic plant in 
metabolic syndrome: a review. Phytother. Res. 32, 1933–1949. doi: 10.1002/ptr.6153

Thakare, V. N., Aswar, M. K., Kulkarni, Y. P., Patil, R. R., and Patel, B. M. (2017). 
Silymarin ameliorates experimentally induced depressive-like behavior in rats: 
involvement of hippocampal BDNF signaling, inflammatory cytokines and oxidative 
stress response. Physiol. Behav. 179, 401–410. doi: 10.1016/j.physbeh.2017.07.010

Thakare, V. N., Dhakane, V. D., and Patel, B. M. (2016). Potential antidepressant-like 
activity of Silymarin in the acute restraint stress in mice: modulation of corticosterone 
and oxidative stress response in cerebral cortex and hippocampus. Pharmacol. Rep. 68, 
1020–1027. doi: 10.1016/j.pharep.2016.06.002

Thakare, V. N., Patil, R. R., Oswal, R. J., Dhakane, V. D., Aswar, M. K., and Patel, B. M. 
(2018). Therapeutic potential of Silymarin in chronic unpredictable mild stress induced 
depressive-like behavior in mice. J. Psychopharmacol. 32, 223–235. doi: 
10.1177/0269881117742666

Toklu, H. Z., Akbay, T. T., Velioglu-Ogunc, A., Ercan, F., Gedik, N., Keyer-Uysal, M., 
et al. (2008). Silymarin, the antioxidant component of Silybum marianum, prevents 
sepsis-induced acute lung and brain injury. J. Surg. Res. 145, 214–222. doi: 10.1016/j.
jss.2007.03.072

Tse, W. S., and Bond, A. J. (2002). Difference in serotonergic and noradrenergic 
regulation of human social behaviours. Psychopharmacology 159, 216–221. doi: 10.1007/
s00213-001-0926-9

Ullah, H., and Khan, H. (2018). Anti-Parkinson potential of Silymarin: mechanistic 
insight and therapeutic standing. Front. Pharmacol. 9:422. doi: 10.3389/fphar.2018.00422

Vengerovskii, A. I., Khazanov, V. A., Eskina, K. A., and Vasilyev, K. Y. (2007). Effects 
of silymarin (hepatoprotector) and succinic acid (bioenergy regulator) on metabolic 
disorders in experimental diabetes mellitus. Bulletin of Experimental Biology and 
Medicine 144, 53–56.

Wagner, H., Diesel, P., and Seitz, M. (1974). The chemistry and analysis of silymarin 
from Silybum marianum Gaertn. Arzneimittelforschung 24, 466–471.

Wang, M. J., Lin, W. W., Chen, H. L., Chang, Y. H., Ou, H. C., Kuo, J. S., et al. (2002). 
Silymarin protects dopaminergic neurons against lipopolysaccharide-induced 
neurotoxicity by inhibiting microglia activation. Eur. J. Neurosci. 16, 2103–2112. doi: 
10.1046/j.1460-9568.2002.02290.x

Wang, C., Wang, Z., Zhang, X., Zhang, X., Dong, L., Xing, Y., et al. (2012). Protection 
by silibinin against experimental ischemic stroke: upregulated pAkt, pmTOR, HIF-1α 
and Bcl-2, down-regulated Bax, NF-κB expression. Neurosci. Lett. 529, 45–50. doi: 
10.1016/j.neulet.2012.08.078

Wang, M., Xie, T., Chang, Z., Wang, L., Xie, X., Kou, Y., et al. (2015). A new type of 
liquid silymarin proliposome containing bile salts: its preparation and improved 
hepatoprotective effects. PLoS One 10:e0143625. doi: 10.1371/journal.pone.0143625

Woo, J. S., Kim, T.-S., Park, J.-H., and Chi, S.-C. (2007). Formulation and 
biopharmaceutical evaluation of Silymarin using SMEDDS. Arch. Pharm. Res. 30, 82–89. 
doi: 10.1007/BF02977782

Wynford-Thomas, R., and Robertson, N. (2017). The economic burden of chronic 
neurological disease. J. Neurol. 264, 2345–2347. doi: 10.1007/s00415-017-8632-7

Wyss-Coray, T. (2016). Ageing, neurodegeneration and brain rejuvenation. Nature 
539, 180–186. doi: 10.1038/nature20411

Xie, Y., Zhang, D., Zhang, J., and Yuan, J. (2019). Metabolism, transport and drug–
drug interactions of Silymarin. Molecules 24:3693. doi: 10.3390/molecules24203693

Yaghmaei, P., Azarfar, K., Dezfulian, M., and Ebrahim-Habibi, A. (2014). Silymarin 
effect on amyloid-β plaque accumulation and gene expression of APP in an Alzheimer’s 
disease rat model. DARU J. Pharm. Sci. 22, 1–7. doi: 10.1186/2008-2231-22-24

Yan, W.-J., Tan, Y.-C., Xu, J.-C., Tang, X.-P., Zhang, C., Zhang, P.-B., et al. (2015). 
Protective effects of silibinin and its possible mechanism of action in mice exposed to 
chronic unpredictable mild stress. Biomol. Ther. 23, 245–250. doi: 10.4062/
biomolther.2014.138

Yang, K. Y., Hwang, D. H., Yousaf, A. M., Kim, D. W., Shin, Y.-J., Bae, O.-N., et al. 
(2013). Silymarin-loaded solid nanoparticles provide excellent hepatic protection: 
physicochemical characterization and in vivo evaluation. Int. J. Nanomedicine 8:3333. 
doi: 10.2147/IJN.S50683

Yang, G., Zhao, Y., Zhang, Y., Dang, B., Liu, Y., and Feng, N. (2015). Enhanced oral 
bioavailability of Silymarin using liposomes containing a bile salt: preparation by 
supercritical fluid technology and evaluation in vitro and in vivo. Int. J. Nanomedicine 
10:6633. doi: 10.2147/IJN.S92665

Yao, J., Zhi, M., Gao, X., Hu, P., Li, C., and Yang, X. (2013). Effect and the probable 
mechanisms of silibinin in regulating insulin resistance in the liver of rats with 
nonalcoholic fatty liver. Braz. J. Med. Biol. Res. 46, 270–277. doi: 10.1590/1414- 
431X20122551

Yin, F., Liu, J., Ji, X., Wang, Y., Zidichouski, J., and Zhang, J. (2011). Silibinin: a novel 
inhibitor of Aβ aggregation. Neurochem. Int. 58, 399–403. doi: 10.1016/j.
neuint.2010.12.017

Yön, B., Belviranlı, M., and Okudan, N. (2019). The effect of silymarin supplementation 
on cognitive impairment induced by diabetes in rats. J. Basic Clin. Physiol. Pharmacol. 
30. doi: 10.1515/jbcpp-2018-0109

Yuan, R., Fan, H., Cheng, S., Gao, W., Xu, X., Lv, S., et al. (2017). Silymarin prevents 
NLRP3 inflammasome activation and protects against intracerebral hemorrhage. 
Biomed. Pharmacother. 93, 308–315. doi: 10.1016/j.biopha.2017.06.018

Yuan, Z.-W., Li, Y.-Z., and Liu, Z.-Q., Feng, S.-l., Zhou, H., Liu, C.-X., Liu, L., and 
Xie, Y. (2018). Role of tangeretin as a potential bioavailability enhancer for Silybin: 
pharmacokinetic and pharmacological studies. Pharmacol. Res. 128, 153–166, doi: 
10.1016/j.phrs.2017.09.019

Zarvandi, M., Rakhshandeh, H., Abazari, M., Shafiee-Nick, R., and Ghorbani, A. 
(2017). Safety and efficacy of a polyherbal formulation for the management of 
dyslipidemia and hyperglycemia in patients with advanced-stage of type-2 diabetes. 
Biomed. Pharmacother. 89, 69–75. doi: 10.1016/j.biopha.2017.02.016

Zholobenko, A., and Modriansky, M. (2014). Silymarin and its constituents in cardiac 
preconditioning. Fitoterapia 97, 122–132. doi: 10.1016/j.fitote.2014.05.016

Zhong, S., Fan, Y., Yan, Q., Fan, X., Wu, B., Han, Y., et al. (2017). The therapeutic effect 
of Silymarin in the treatment of nonalcoholic fatty disease: a meta-analysis (PRISMA) 
of randomized control trials. Medicine 96:e9061. doi: 10.1097/MD.0000000000009061

https://doi.org/10.3389/fnins.2023.1159806
https://www.frontiersin.org/journals/neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/S0960-0760(03)00270-X
https://doi.org/10.1016/S0960-0760(03)00270-X
https://doi.org/10.1007/s10753-019-00980-9
https://doi.org/10.1007/s10753-019-00980-9
https://doi.org/10.1007/s00253-019-09950-5
https://doi.org/10.1007/s00253-019-09950-5
https://doi.org/10.1016/j.ijbiomac.2020.02.041
https://doi.org/10.1111/j.1600-079X.2010.00819.x
https://doi.org/10.1002/ptr.6361
https://doi.org/10.1016/j.physbeh.2017.07.023
https://doi.org/10.1155/2018/1507834
https://doi.org/10.1016/j.phytochem.2019.112066
https://doi.org/10.1007/s10787-022-00961-9
https://doi.org/10.1002/ptr.6153
https://doi.org/10.1016/j.physbeh.2017.07.010
https://doi.org/10.1016/j.pharep.2016.06.002
https://doi.org/10.1177/0269881117742666
https://doi.org/10.1016/j.jss.2007.03.072
https://doi.org/10.1016/j.jss.2007.03.072
https://doi.org/10.1007/s00213-001-0926-9
https://doi.org/10.1007/s00213-001-0926-9
https://doi.org/10.3389/fphar.2018.00422
https://doi.org/10.1046/j.1460-9568.2002.02290.x
https://doi.org/10.1016/j.neulet.2012.08.078
https://doi.org/10.1371/journal.pone.0143625
https://doi.org/10.1007/BF02977782
https://doi.org/10.1007/s00415-017-8632-7
https://doi.org/10.1038/nature20411
https://doi.org/10.3390/molecules24203693
https://doi.org/10.1186/2008-2231-22-24
https://doi.org/10.4062/biomolther.2014.138
https://doi.org/10.4062/biomolther.2014.138
https://doi.org/10.2147/IJN.S50683
https://doi.org/10.2147/IJN.S92665
https://doi.org/10.1590/1414-431X20122551
https://doi.org/10.1590/1414-431X20122551
https://doi.org/10.1016/j.neuint.2010.12.017
https://doi.org/10.1016/j.neuint.2010.12.017
https://doi.org/10.1515/jbcpp-2018-0109
https://doi.org/10.1016/j.biopha.2017.06.018
https://doi.org/10.1016/j.phrs.2017.09.019
https://doi.org/10.1016/j.biopha.2017.02.016
https://doi.org/10.1016/j.fitote.2014.05.016
https://doi.org/10.1097/MD.0000000000009061

	Pharmaceutical prospects of Silymarin for the treatment of neurological patients: an updated insight
	Neurological disorders
	Silymarin: a basic introduction
	Methods
	Pharmacological properties of Silymarin
	Silymarin for psychiatric disorders
	Silymarin for neurodegenerative disorders
	Silymarin for other neurological and cognitive disorders
	Indirect effects of Silymarin through the gut–brain axis
	Molecular mechanisms of neuroprotection by Silymarin
	Challenges and future directions in its pharmaceutical usage

	Conclusion
	Author contributions
	Conflict of interest
	Publisher’s note

	References

