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Abstract:

Research around silymarin is blossoming towards a hopeful future.
Silymarin is expected to play a key role in hepatoprotection, anti-cancer, and
anti-neurodegenerative  disease applications, ‘as ongoing promising
improvements in bio-microencapsulation and delivery systems (nanoparticle
formulations, liposomal encapsulation, etc.) are expected to dramatically
increase bioavailability and thus the efficacy of silymarin as a therapeutic
compound. Its potent antioxidant and anti-inflammatory properties are used
and researched for a range of purposes including, skin, wound healing, and
gut health. Additionally, there is interest surrounding the potential
synergistic effects of silymarin in combination with other treatment
modalities, including chemotherapy or immunotherapy. Studies of its role in
personalized medicine will enable treatments to be more tailored to an
individual’s genetic profile, making silymarin an even more effective choice
for conditions like metabolic syndrome or liver disease. Innovations in eco-
friendly methods of growing and extracting silymarin will contribute to the
increased demand in a way that protects our planet as the world shifts
toward sustainability. If silymarin continues to deliver on its promise of
broad-ranging potential applications, it may one day become a critical
therapeutic weapon in modern medicine.

Key words: Silymarin, Pharmaceutical Formulation, Bioavailability,
Extraction Techniques, Market Challenges.
Introduction to Silymarin and its Pharmaceutical Potential:
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Silymarin represents a complex mixture of bioflavonoids found in the
fruits and seeds of milk thistle, garnering extensive attention for its
exceptional capabilities. This phytocompound has been largely publicized
since antiquity. Presently, plants such as milk thistle and the extracts derived
from them are of prime interest to numerous researchers as well as
pharmaceutical industries (Abenavoli et al., 2018)(Bijak, 2017).

Silymarin possesses a vast array of pharmacological activities,
including  hepatoprotective, immunomodulatory, antioxidant, anti-
inflammatory, and anticancer effects, among several others (Hellerbrand et
al., 2017). Present-day pharmaceutical industries seek to uncover plant-
derived constituents to drive their intense focus on the exploitation of plant-
based therapeutics versus the exploitation of synthetic drugs (Nasim et al.,
2022). Plentiful evidence demonstrates the favorable risk-benefit ratio of
silymarin with its exceptional therapeutic potential in the benign therapy of
certain types of liver diseases, as well as a variety of other extrahepatic
diseases. Silymarin has been an attractive topic in the mainstream. It is an
adjunct therapeutic strategy in various kinds of liver diseases(Jaffar et al.,
2024).

In a 4-month randomized double-blind clinical study, 51 type Il
diabetics in two well-matched groups participated. The first group (n = 25)
received silymarin (200 mg) tablets three times a day and conventional
therapy. In the second group (n = 26), silymarin was replaced with a
placebo tablet. Patients were visited monthly, and HbAlc, FBS, insulin,
total cholesterol, LDL and HDL, triglyceride, SGOT, and SGPT levels were
measured before and after the trial. Silymarin-treated individuals had
significantly lower HbAlc, FBS, total cholesterol, LDL, triglyceride SGOT,
and SGPT levels than placebo at the start of the research (Huseini et al.,
2006) .

One hundred people with non-alcoholic fatty liver disease were sent
for liver disease treatment based on results from an ultrasound, higher levels
of alanine and aspartate aminotransferases (ALT and AST), or a liver biopsy.
A placebo was given to patients in Group A, whereas 280 mg of silymarin
was given to those in Group B. Each patient underwent a 24-week course of

vy



\

44_“, Print -ISSN 2306-5249
J O B S L“\J‘ ejw‘ Online-ISSN 2791-3279

\

== Journal of Basic SClence Q9 pdad) g aaled) sl

W AVEET/aY Yo

_/

treatment with checkups scheduled at the outpatient clinics every four
weeks. Patients with NAFLD who take silymarin seem to see considerable
improvements in biochemistry and a reduction in transaminase levels
(Hashemi et al., 2009).

Sixty-four patients diagnosed with NASH were assigned to one of two
groups: a case group consisting of 33 patients and a control group consisting
of 31 patients. An abdominal sonography and a steady rise in aspartate and
alanine aminotransferase levels over 1.2 times the upper normal limit in the
last six months were needed to be included. The case group was given 210
mg of silymarin orally daily for 8 weeks, while the control group got a
placebo. The patients underwent a second evaluation at 8 weeks to determine
their AST and ALT levels. Hepatic enzyme levels dropped much more in the
silymarin group of individuals (Solhi et al., 2014).

Two groups of 85 patients were assigned: those with nonalcoholic
fatty liver disease (group A) and those with HCV-related chronic hepatitis
and nonresponders to treatment (group B). The treatment was
silybin/vitamin E/phospholipids. Group A's liver steatosis ultrasonographic
scores dropped significantly after treatment. Treating patients improved liver
enzyme levels, hyperinsulinemia, and liver fibrosis indicators. The study
looked at steatosis degrees, insulinemia, plasma levels of TGF- and TNF-a.,
fibrosis indexes, and y-glutamyl transpeptidase. Silybin conjugated with
vitamin E and phospholipids may be a supplementary treatment for chronic
liver disease, according to findings (Loguercio et al., 2007).

The proprietary botanical drug came on the pharmaceutical market 84
years ago (Upton et al., 2024). Numerous clinical trials conducted worldwide
have confirmed the efficacy and safety of silymarin. Nonetheless, the global
commercialization of silymarin has been retarded due to some toxicological
issues pertaining to both the impurity and the degradation byproducts of
Silymarin and the long-term use of synthetic pharmaceuticals containing
silymarin (Camini & Costa, 2020). Currently, silymarin-derived drugs are
being utilized as adjunct therapy in diseased individuals in lieu of long-term
therapy purposes (Ralli et al., 2021).
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Extraction Techniques for Silymarin:

The extraction of silymarin from milk thistle encounters several
challenges. Low yield and efficiency of silymarin extraction from milk
thistle presents one of its greatest challenges in terms of obtaining high yield
through effective techniques. Traditional techniques such as Soxhlet
extraction are frequently stated to necessitate long processing periods and
bulk solvents (Fenclova et al., 2020). The requirement for organic solvents
in traditional extraction methods results in environmental and safety
challenges, in addition to raising product costs (Wianowska & Wi niewski,
2015). The silymarin is sensitive to heat; thus, extraction processes at a high
temperature could reduce the active compounds, thus reducing the
effectiveness of the extract (Fenclova et al.,, 2020). Most traditional
extraction techniques lack selectivity, which leads to extracting unwanted
compounds along with silymarin and impacts the purity and quality of the
final product (Ong, 2004).

The quality and vyield of silymarin depend on the methods of
extraction, which are the direct spots of investigation for a commercially
valuable product. Established protocols are able to automatically assure a
high yield and maintain the properties and chemical composition up to
standard (Lorenzo et al., 2020). The two main methods for the laboratory
and industry for the extraction of silymarin are the schemes falling under
conventional and modern techniques (Saleh et al., 2017).

The conventional method dates back thousands of years and is still in
practice even in the present scenario (Wianowska & Gil, 2017). The
commonly used techniques under this head include maceration and
percolation methods, where the raw material is soaked in solvent for several
days so that the solvent favors the separation of active ingredients from the
gunk (Jabtonowska et al., 2021). One of the bottlenecks of conventionally
used techniques is the use of excessive quantities with an overlook of the
chemical and physical properties of the ingredients. Additionally, it takes a
long time to extract this necessity. Last but not least, too much heat destroys
or changes the secondary metabolites of the components, which means that
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the end product can't have any therapeutic effect (Jahan et al.,
2016)(Pordevic et al., 2018).

Although the traditional method is barbaric, a progressing modality is
taking place under the modernization of methods (Pordevi¢ et al., 2018).
Obtaining a silymarin-rich fraction is important not only for a guarantee of
the constant quality and safety of the final product but also for
manufacturing millions of tons for pharmaceutical purposes. Thus, through
natural sources of flavones, silymarin should be added to the list of
medicinally marketed agents, not as a health ingredient, because healthcare
requires a fraction of single-component nature (Aziz et al., 2021). This is
why various extractive techniques have been reported for silymarin,
traditionally and innovatively, supplementing the medically pharmaceutical
product (T. Zhang et al., 2024). Widespread methads, which have been used
for extracts leading to the million-league precincts yearning for recent entry,
are summarized in the next few sections.

e Traditional Extraction Methods

Various chemical components such as flavonolignans and flavonols
can be isolated from the milk thistle plant.  Among them, silymarin
compounds obtained from the fruit of the plant are widely used for their
beneficial properties, especially liver protection (Csupor et al., 2016). The
compounds have been extracted with several conventional procedures. The
first step of the extractions was generally the cutting and slicing of the plants
into small parts to increase the solvent-solute contact surface. Three of the
most-used maceration procedures are simple extraction, percolation, and
infusion (Sprung et al., 2023).

The time of the maceration procedures is related to the diffusion of the
main solute compounds in the solvent, which is required to lay a film of the
solvent on the solid drug surface for the continuous deposition of the
compounds, starting from the boundary layer with the solvent and moving
towards the surface (Gilabadi et al., 2023). It is known that the procedures
are generally performed in a laboratory, where wide neck and flat bottom
flasks are common. Therefore, another procedure equivalent to percolation
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and infusion is the stirring extraction, which is basically a maceration
extraction operating under intensive stirring (Cardenas & Lucena, 2017) .

The main steps of the mentioned conventional extractions performed in
the laboratory could be represented as follows: cutting plants, preparation of
solvent, addition processes, and ideal time for extraction. Each single
extraction process for each single plant drug resulted in different yield
fractions of the main compounds, depending on the drug parts used and the
solvents used. These methods provided high potential extraction for each
drug and compound, such as silymarin compounds, using nonconventional
solvent systems (Giacometti et al., 2018).

e Modern Extraction Technologies:

Downstream processes, such as product extraction and isolation, are
usually expensive in terms of both time and money (K. A. Bunnell et al.,
2010). Often, using common extraction techniques can have several
disadvantages, such as using too much solvent in the process or having to
use extreme extraction conditions. Consequently, several innovative
extraction methods have been developed to address these disadvantages,
some of which are still being completed (Mohammed Golam Rasul, 2018).

Supercritical fluids extraction: Many researchers working on the
molecule include supercritical fluids in their work because of their particular
technological aspects (Palaric et al., 2023). Several derivatives, such as
supercritical carbon dioxide or supercritical sulfur hexafluoride, can be used
to perform extractions of varying efficiency. Indeed, working in the
supercritical fluid region allows solubility and diffusion to be enhanced at
the same time, making separation more efficient (Celik & Giirii, 2015). In
addition, you can change the solvent characteristics by operating selectively
below, at, or above the critical point. It also has the advantage of operating
with chemically inert, non-toxic, or eco-friendly solvents (Naziri et al.,
2016).

Supercritical fluid extraction methods are becoming increasingly
popular. Supercritical anti-solvent extraction and supercritical fluid
extraction with polar solvents are two of the most popular procedures (T.
Ahmad et al., 2019). These methods are quick and specific, and they can
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yield high concentrations while minimizing the use of solvent. Solvent and
energy consumption, reaction time, extrinsic metal and impurity waste
production, and automation potential are all evaluated (Herrero et al., 2010).

Although supercritical fluid extraction is more time-consuming and
cumbersome than more conventional methods, it is considered the most
suitable in the pharmaceutical field for the extraction of bioactives, fatty
components, and essential oils, as it often offers the advantage of better
conservation of active product molecules (Bhusnure et al., 2016). These new
optimized sequential and simultaneous extractors are offered most often by
financial corporations. However, the equipment and system costs for these
new profitable and eco-friendly systems need to be carefully evaluated
before trading. Commercial and industrial evaluations should be used to
examine the relative cost benefits of this method, as well as the cost of
equipment if freshly produced food supplements are to be formulated (Prado
etal., 2017).

Microwave-assisted extraction: It is mainly used for selective and
efficient extraction. Additionally, it has the advantage of reducing extraction
time and the solvent required (Fathi-Achachlouei et al., 2019). Ultrasound-
assisted extraction: Similar to microwave-assisted extraction, the objective
of ultrasound extraction is to improve extraction yields and reduce extraction
times while working predominantly in alcoholic media. This has now
become an advantageous extraction technique and is used in many
laboratories to isolate fatty substances or other bioactive molecules (Drouet
et al., 2019). The use of ultrasonic waves to increase the penetrability of the
solvent, which in turn speeds up the extraction process. It is faster, can be
performed at lower temperatures, and can be used to enhance extraction
efficiency, lowering energy needs and use of damaging solvents (Arya et al.,
2021)

Recent strategies have arisen that can be incorporated with
contemporary extraction methods, potentially enhancing their efficacy.
Enzyme-assisted extraction: The application of appropriate enzymes that
decompose cell walls and increase the release of silymarin is a more specific
extraction method and could enhance the extract yield. So it could be more
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sustainable and more eco-friendly (Puri et al., 2012). Integration of Artificial
Intelligence (Al): It could assist in designing and optimizing extraction
methods, monitoring the process in real-time, and ensuring that the
parameters are always ideal for maximizing yield and purity (Vinchurkar &
Mane, 2024).

Formulation Strategies for Silymarin:

The formulation is an essential part of silymarin's pharmaceutical
product for successful administration. This is important because the rapid
increase in silymarin bioavailability promotes the application in various
diseases and injuries (Di Costanzo & Angelico, 2019). This section will
therefore analyze the different approaches that have been developed to
formulate Silymarin against various injuries and the need to administer this
product in relation to the final use. Formulations such as silymarin tablets,
capsules, syrup, dry syrups, drops, and solutions are available nowadays.
Novel drug delivery systems containing microspheres, nanoparticles, and
liposomes are currently being studied (Obeid et al., 2017). Among them,
solid dosage forms form larger parts holding huge potential as they offer
more benefits very quickly with improved quality of life than any other
dosage forms )(Gligor et al., 2016).

Solid formulations in the form of tablets, capsules, granules, etc., do
not comply with stability problems, low solubility in water, instability in pH
variations, and low bioavailability, which were serious problems in the past,
but the problem can be overcome by the development of technology (U.
Ahmad et al., 2015). Silymarin is designed in solid preparation, and finally,
solid preparation with good bioavailability is obtained (Obeid et al., 2017).
The choice of solid preparation dosage form is a tablet formulation. Tablets
are solid dosage forms that have advantages such as a more precise dose,
better stability, ease of storage and ease of transportation, can be used for
drugs with a bitter taste, and can mask the odor of the drug (Byeon et al.,
2019).

The formulation of active compounds in a solid preparation dosage
form is more complex than in other dosage forms because compounds are
less soluble and bioavailable. In this case, the selection of properties must be

1YV
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carried out on excipients that can affect the properties of silymarin solid
preparations (Lim et al., 2022). Tablets can be formulated using different
matrices of silymarin incorporation, such as natural or synthetic polymers, in
addition to the direct compacted forms at high compression load with a
maximum of 200 mg strength per tablet, as reported as the tolerated level
(Cianchino et al., 2020). Using these natural or synthetic polymers either
singly or in combination, effects such as disintegration time and floating lag
time in dissolution tests and the deliverance rates were affected (Garg &
Gupta, 2009). The excipients used were Avicel pH101, magnesium stearate,
lactose, microcrystalline cellulose, and folic acid. Due to its advantages, a
formulation incorporating microcystin into a tablet has achieved a twenty-
fold increase in bioavailability (“Design and Development of Atenolol
Matrix Tablet Employing Natural and Synthetic Polymers,” 2013).

Liquid dosage forms are the most popular pharmaceutical forms.
They are available in many choices such as solution, tonic, syrup, emulsion,
and drops. Liquid dosage forms have advantages compared to solid dosage
forms. Generally, liquid dosage forms are simple, rapid, and easy
straightforward to prepare. In addition, they are easy to administer to
children, the elderly, and people with dysphagia, provide better dose
flexibility, and have more reliable dosing accuracy compared to solid dosage
forms (M. Wang et al., 2015). They are available in alcohol solution,
tincture, water  solution, emulsion, suspension, liposomes, and
microemulsion. The determination of silymarin dosage in the dosage form is
aimed at a safe and more bioavailable dose (Busia, 2024).

Liguid dosage forms with good characteristics should be uniform,
stable for a specific period of time, non-toxic, have a pleasing color and
smell, have a good taste, and be easy to drink. Solutions are dosage forms
prepared using a solubilizer. They have a characteristic that is not easily
sedimented but can be readily decanted (Haywood & Glass, 2013). Solutions
can produce a precipitation process that becomes a dispersed phase with high
stability.

The stability of silymarin is influenced by pH, light, and temperature.
In addition, Silymarin is easily oxidized due to exposure to air, which

TYA
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produces active compounds. Without antioxidant protection, it will
transform into a yellow-green form. For this reason, an induction period
must be established by binding O, and ensuring airtight conditions (U.
Ahmad et al., 2015). In addition, Silymarin has low solubility in water,
which causes the compound produced to be less available for absorption by
the body. To increase the solubility of the drug in a solvent, a solubilizer
must be used (Kesharwani et al., 2020). The solubilizer used is a compound
that can reduce interfacial tension between two phases and can spread on the
surface of an immiscible solvent pair to form a homogeneous phase. These
materials are usually long-chain fatty alcohols or acids. Adding ethanol to a
solution can also change the cubic structure into a micelle and increase
solubility (Lee et al., 2017).

Enhancing Bioavailability of Silymarin:

Bioavailability is a critical factor in therapeutic efficacy, as the
inability of bioactive substances to reach the site of action in the body leads
to the failure of therapeutics (Stielow et al., 2023). The very poor absolute
oral bioavailability and erratic absorption of silymarin, such as free silybin A
and B, are the main issues limiting its health benefits. The lower solubility of
silymarin in aqueous and acidic media and its rapid enzymatic metabolism
are critical factors contributing to its poor oral bioavailability (Di Costanzo
& Angelico, 2019). To better understand various strategies aimed at
enhancing bioavailability and efficacy, some general concepts for inceasing
the therapeutic properties of drugs and nutraceuticals are discussed. In vitro
and in vivo studies revealed that structural modification, complexation,
nanoformulation, and micronization may enhance the solubility and
bioavailability of silymarin (S. Ahmad et al., 2023). The bioavailability of
silymarin is hampered mainly by its poor solubility in aqueous media, which
leads to low gastrointestinal absorption (Dixit et al., 2007). Nanoformulation
iIs a novel approach for enhancing the solubility of poorly water-soluble
bioactive substances. Nanonization of bioactive substances to the nanoscale
may enhance their surface contact with the gut membrane, thus improving
their in vivo bioavailability (Oliveira da Silva et al., 2023). Micronization
allows for the processing of smaller particles, which generally exhibit
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gastrointestinal absorption (Oh et al., 1995). The nanoformulation of
silymarin can enhance its water solubility, rapid gastrointestinal absorption,
and, consequently, lower hepatic metabolism. Their greater circulation time
in systemic circulation leads to an increase in bioavailability and a sharp
drop in its dosage (Sunita et al.,, 2025). Thus, the development of
formulations has attracted the pharmaceutical industry's attention as a further
enhancement in silymarin bioavailability for improvement in its therapeutic
properties. Silymarin micronization and nanoformulation show significant
enhancement in its bioavailability, leading to a greater pharmacological
effect at low dosage (Piazzini et al., 2019).

e Nanoformulations:

Nanoformulations have also gained increased attention in order to
augment the bioavailability of silymarin (Y. Wang et al.,, 2014).
Nanotechnology may be defined as the design, synthesis, characterization,
and application of materials, structures, devices, and systems by controlling
the shape, size, surface, and composition in the 1 to 100 nm range (Emerich
& Thanos, 2003). Nano-sized drug complexes with carriers have shown
potential impact in enhancing bioavailability by increasing drug solubility,
protecting from degradation, limiting solubility, and reducing side effects by
restricting distribution. Several materials, such as lipids, proteins, and
polysaccharides, are utilized for polymeric nanoparticles (Haleem et al.,
2023).

Various methodologies are available to prepare nanoformulations of
silymarin, including solubilization techniques that utilize cyclodextrin or
nanoemulsions, self-assembling, polymer nanoparticles, and lipid-based
carriers such as liposomes, nanoemulsions, nanostructured lipid carriers, and
solid lipid nanoparticles (Alshehri et al., 2022). The main promise of lipid-
based approaches is that they could improve the solubility and stability of
the encapsulants in a lipophilic form of the compound. Lipid-based
nanoparticles might offer an appropriate aggregation of the drug molecule of
silymarin to build up elevated bioavailability (Arghidash et al., 2024). An
additional favorable aspect of lipids in nanoparticles is their ability to
enhance the delivery of silymarin toward the naturally enhanced solubilizing
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capacity of components, which was confirmed with the formation of
discharge guiding. It benefits the scientific field through its modified drug
biodistribution, increased drug loading, rapid onset of drug action, decrease
in the dose of silymarin, and long duration of drug action (Z. Zhang et al.,
2022).

Many studies have shown improvement in silymarin pharmacokinetics
after its formulation as nanoparticles. In recent times, they are considered an
effectively proven strategy to resolve poor solubility problems, whether in
vitro or in vivo (H.-G. Choi et al., 2013). The only limitation they pose is
poor stability; however, this could be resolved with optimization of the
nanosuspension fabrication process, lipid dissolution method, and the lipid
incorporation technique, which helps to reduce their limitations as well as
enhance their practical deliverability (Poltavets et al., 2021). Despite the
promising findings, several side loopholes of this approach exist, such as
instability during scale-up, inappropriate scale-up requirements, limited drug
loading, huge bulk mixing, controllability of drug proportions, lack of small-
scale production methods and robustness, lack of batch reproducibility, and
stringent regulatory hurdles (Hosseini et al., 2021). Although the preclinical
studies report promising pharmacokinetic profiles, intestinal uptake, or oral
delivery efficacy, this approach requires millions of dollars’ worth of
production plants and approved production procedures (Su et al., 2022).

e Micronization Techniques:

The main strategy to increase dissolution and solubility is to reduce
the particle size of silymarin, considering that it is a BCS Class Il drug
(Javed et al., 2010). Micronization is the technique used for this purpose, and
it consists of reducing the size of the particles, defining them as less than 50
KUm in size. Smaller particle sizes produce an increase in the specific surface
area and an increase in the dissolution rate, favoring the solubility and
bioavailability of Silymarin (Noor & B.H. Al-Khedairy, 2019). Currently,
several investigations focus on these lines. There are many methods
available to reduce particle size through micronization, such as solid
precipitation, supercritical processes, electro spraying, shearing or attrition,
and grinding techniques such as jet milling, ball milling, and spray drying, in
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addition to using polymers and carriers for pharmaceutical formulations
(Vandana et al., 2014).

This review mainly deals with micronization techniques for silymarin,
where several methods can be used to carry out this process to reduce the
particle size of Silymarin. The most common include jet milling, a very
effective method leading to a 20-time reduction in particle size, and ball
milling, one of the most researched (Borhan et al., 2013). Jet milling uses
superheated air to atomize the feedstock into micron-size particulates by
means of gas turbulence in the milling nozzles and meeting the criteria for
particle size distribution (W. S. Choi et al., 2004). It was found that jet
milling silymarin from 186 to 25 um vyields only 30% residual crystalline
content compared to the original drug. Testing jet milling on a Silymarin
mixture with CNC (in'a 1:1 and 1:3 w/w ratio) showed a slight increment in
micronization efficiency for Silymarin and mixed samples, where the
rational size was around 7 pum. The fine particles were found to fly by air out
of the ball milling chamber and to be carried by the carrier air (Noor & B.H.
Al-Khedairy, 2019)(Sher et al., 2023).
¢ Bioenhancers and Absorption Enhancers

The term bioenhancer is used for substances that augment the
absorption of nutrients and drugs. In the broader sense, absorption enhancers
and bioavailability enhancers are considered analogous to bioenhancers
(Chivte et al., 2019). Research has been conducted on the bioenhancing
properties of some bioflavonoids like naringenin and quercetin for the past
couple of years (Bhimanwar et al., 2020).

Bioenhancing properties exist in the likes of Omega 3, Vitamin D, and
other nutrients. Efforts had been made to enhance the absorption of some
expensive drugs so as to reduce the dose and toxicity (Thorat et al., 2023). In
terms of levels of acceptance and commercial feasibility, bioenhancing
properties of drugs and nutraceuticals have gained more momentum than the
bioenhancing properties of herbal drugs (Peterson et al., 2019). A number of
natural and synthetic substances can enhance the absorption of drugs. The
important bioenhancing candidate substances are bergaptene and piperine (S,
2021). Combination therapies with bioenhancers and silymarin have shown
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an increased bioavailability of silybin. In the last couple of years, there have
been reports on various emerging patented products for improved
pharmacokinetics through enhanced absorption. This could be through the
use of biojunctors and bioenhancers (Javed et al., 2022). Absorption through
bioenhancers could limit first-pass metabolism, thus increasing the systemic
availability of the drug and hence the therapeutic benefits of the currently
developed formulation of silymarin (Javed et al., 2018). However, regulatory
considerations will limit their use in the formulation for commercial
products.

Several promising technologies may enhance the bioavailability of
silymarin and address the associated challenges in the future. The integrity of
silymarin during degradation can be protected by using liposomes or
nanoliposomes, which can significantly enhance the delivery of silymarin
towards the target tissue. One such approach is liposomal encapsulation,
which helps to overcome the solubility issue and helps in release control,
further aiding in minimizing the effect of first-pass metabolism (Kumar et
al., 2014). Sublingual and Buccal Formulation: The silymarin formulations
administered sublingual/buccal could permit the efficient absorption of the
active components in the mouth mucous membranes without experiencing
first-pass metabolism (El-Samaligy et al., 2006). Spray Dry Technology:
This technology is very useful in case of oral and topical nearness of
medication, where silymarin powders can be soaked up to a great part as
compared to before in light of the fact that they are an expansive part
regarding size and dissolvability (Sansone et al., 2018).

Regulatory Considerations in the Development of Silymarin Products:
Achieving success in silymarin-based products also means addressing a
complex web of regulations that varies according to the intended use—
dietary supplement, pharmaceutical drug, or cosmetic product. In the USA
and Europe, silymarin fits the legal definition of both. The FDA, EMA, and
other global authorities have established regulations necessary for companies
to produce effective and safe silymarin products and meet regulatory
requirements from labeling to preferably using good manufacturing
practices (Klut, 2022). As a dietary supplement, silymarin is regulated so
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that companies can market the product with no pre-market approval process,
so long as the product is manufactured in accordance with Good
Manufacturing Practices (GMP) and is properly labeled (Fenclova et al.,
2019).

For therapeutic purposes, silymarin would have to go through the
same clinical trials and regulatory process, including New Drug Applications
(NDA), to prove it is safe and effective at treating a specific condition. As
for cosmetics, silymarin must be safe for use, and any claims for its skin
benefits cannot include medicinal uses without proper approval. Rigorous
toxicology studies, clinical trials, and quality assurance processes are
therefore essential to guarantee the safety and quality of silymarin products
(Clarridge et al., 2022).

Adequate reporting of adverse events and post-market surveillance are
also important for monitoring the longer-term safety of products in the
market, along with having mechanisms for product recalls, where
appropriate. Moreover, the trend towards sustainability and transparency in
manufacturing means that brands can further improve their positioning by
committing to sustainable sourcing and eco-friendly practices, as consumers
increasingly consider the ethics of their consumption (Choudhury et al.,
2023).

Moreover, firms may pursue patent protection for novel formulations
or delivery mechanisms, providing them with market exclusivity and a
competitive advantage. Companies can ensure that their silymarin products
meet regulatory requirements by addressing all these regulatory
considerations: clinical validation and labeling, manufacturing, and post-
market safety—ensuring consumer safety and trust. Adhering so carefully to
regulations will not only ensure seamless entry into the market, but it will
also play a role in the sustainable and ethical transition of silymarin-based
products into the international market.

Market Trends and Commercialization Opportunities:

The majority of silymarin-based pharmaceutical products are sold in
clinics because people with liver diseases like cirrhosis, hepatitis, and fatty
liver disease need them so much. This is expected to drive segment growth.
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Individuals seeking general wellness supplements offer significant
opportunities for silymarin-based product providers. The target consumers
range from older adults at high risk for liver diseases to younger, health-
conscious patients. Considered by the global liver disease treatment market
with an expected increase due to the increasing needs for herbal and natural
products, it makes silymarin a profitable player in the health and well-being
market (Bahmani et al., 2015).

The global silymarin market was estimated at around USD 98.7
million in 2024 and is expected to reach USD 101.85 million by 2025,
mounting at a compound annual growth rate (CAGR) of 3.2%. Likewise, the
global milk thistle product market, to which silymarin belongs, is anticipated
to grow from USD 1.63 billion in 2024 to USD 3.81 billion by 2034, at a
CAGR of 8.88%. People are becoming more aware of possible liver
problems and are also interested in natural solutions. This is likely to lead to
the growth of the silymarin market, which is supported by major market
players and distribution channels like online stores, pharmacies, and health
stores (Jadhav et al., 2020)(Bhattacharjee et al., 2023).

There are a variety of potential business opportunities surrounding the
commercialization of silymarin, which has recently been gained recognition
as a potent, natural therapy. With growing consumer demand for natural and
plant-based ingredients, silymarin stands to take a sizeable share in the
nutraceuticals and functional foods sectors.

Its diverse uses in liver health, detoxification, skin care, and cognitive
protection make it a multi-faceted product portfolio that appeals to a wide
range of consumer segments. Education-based marketing should inform
them about the antioxidant, anti-inflammatory, and hepatoprotective
benefits of silymarin (Hellerbrand et al., 2017). It could be marketed within a
context that refers to its natural source that explains its biopharmaceutical
properties, making it attractive to health-minded consumers who are seeking
out safe, effective, and natural alternatives to manufactured pharmaceuticals
(Himmatul Miftah et al., 2020).

Brand differentiation will be an important factor in a crowded market.
Investments in sustainable and ethical sourcing practices for silymarin will
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resonate specially with eco-conscious consumers. Sustainable packaging and
where your products come from should resonate with consumers because
they care about the environment(Odubo et al., 2024).

Personalized health is another strong marketing angle for silymarin
and the advancements in genetic testing and personalized nutrition; the
marketing of silymarin-based products as a part of tailored health solutions
could prove to be a lucrative niche. By highlighting how silymarin may be
tailored to a certain genetic profile or disease (e.g., liver disease, metabolic
syndrome, or even neurodegenerative disease), companies can provide
personalized health routines, thereby increasing consumers' engagement and
confidence (Elateeq et al., 2020).

To successfully commercialize silymarin, we will also need to form
strategic partnerships with established contributors in the pharmaceutical,
supplement, and beauty markets. For instance, partnerships with clinical
researchers could lead to the verification of silymarin therapy in liver
disorders, metabolic disease, and even cancer therapy. Working together
with cosmetics companies could lead to new and exciting skin care products,
and working together with supplement companies could lead to new, highly
targeted products containing silymarin for liver health, anti-aging, or
cognitive support (Saggar et al., 2022).

Fired up by a more social perspective on the concept of health and the
broader view on preventive health care, social media is the marketing
channel of choice that companies can look to exploit to reach both health-
conscious patients and those in need of preventive health care solutions. The
publication of educational content, user testimonials, and clinical studies
demonstrating the efficacy of silymarin would help establish credibility and
generate more consumer sales (Ayu et al., 2022).

Conclusion:

Silymarin has the potential to be a great therapeutic agent, particularly
in liver diseases; however, the advancement of extraction methods,
improving bioavailability, and development of novel formulations are the
main ways for its full potential in the pharmaceutical industry. Further
studies should also aim at increasing extraction efficiency using modern
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practices, modifications for drug delivery systems such as nanoparticles,
liposomes, and solid lipid nanoparticles, and an investigation of
pharmacokinetics for absorption and distribution comprehension in humans.
Moreover, extending its clinical applications to other therapeutic contexts,
including neurodegenerative diseases, diabetes, cancer, and cardiovascular
health, will be vital for the emergence of its broader medicinal applications.
Future studies could explore drug combinations, particularly with other
hepatoprotective or anticancer agents, which may provide a synergistic
therapeutic advantage for silymarin. Commercial potentials exist in
developing innovative, consumer-acceptable formulations such as sustained-
release tablets, functional foods, etc., and entering into emerging markets
where the consumer is inclined towards natural and botanical products. This
would also help broaden its use in clinical and market markets by securing
regulatory approvals for these new uses. Moreover, by prioritizing
sustainable sourcing and ethical extraction practices, we would actively
combat environmental damage, enhance the reliability of the supply chain,
and align with the increasing consumer preference for sustainable products,
ensuring the long-term success of silymarin in clinical settings and
positioning it as a significant contributor to the global natural health products
market as a more sustainable choice.

References:

1. Abenavoli, L., Izzo, A. A., Mili¢, N., Cicala, C., Santini, A., & Capasso, R. (2018).
Milk thistle ( <scp> Silybum marianum </scp> ): A concise overview on its chemistry,
pharmacological, and nutraceutical uses in liver diseases. Phytotherapy Research, 32(11),
2202-2213. https://doi.org/10.1002/ptr.6171

2. Ahmad, S., Khan, J. A., Kausar, T. N., Mahnashi, M. H., Alasiri, A., Algahtani, A. A.,
Algahtani, T. S., Walbi, I. A., Alshehri, O. M., Elnoubi, O. A., Mahmood, F., & Sadiq, A.
(2023). Preparation, Characterization and Evaluation of Flavonolignan Silymarin
Effervescent Floating Matrix Tablets for Enhanced Oral Bioavailability. Molecules,
28(6), 2606. https://doi.org/10.3390/molecules28062606

3. Ahmad, T., Masoodi, F. A., A. Rather, S., Wani, S. M., & Gull, A. (2019).

Supercritical Fluid Extraction: A Review. Journal of Biological and Chemical Chronicles,
5(1), 114-122. https://doi.org/10.33980/jbcc.2019.v05i01.019

1Yy



&

At s Print -ISSN 2306-5249
J O B S = ejw‘ O:I?ne ISSN 2791-3279
== Journal of Basic Science cssalls glu su

:a,_q“y LVEE7/aY Y0

\

_/

4. Ahmad, U., Faiyazuddin, M., Hussain, M. T., Ahmad, S., M Alshammari, T., &
Shakeel, F. (2015). Silymarin: an insight to its formulation and analytical prospects. Acta
Physiologiae Plantarum, 37(11), 253. https://doi.org/10.1007/s11738-015-2008-3

5. Alshehri, F. S., Kotb, E., Nawaz, M., Al-Jameel, S., & Amin, K. A. (2022).
Preparation, characterization, and antibacterial competence of silymarin and its nano-
formulation.  Journal  of  Experimental Nanoscience,  17(1), 100-112.
https://doi.org/10.1080/17458080.2022.2041192

6. Arghidash, F., Javid-Naderi, M. J., Gheybi, F., Gholamhosseinian, H., Kesharwani, P.,
& Sahebkar, A. (2024). Exploring the multifaceted effects of silymarin on melanoma:
Focusing on the role of lipid-based nanocarriers. Journal of Drug Delivery Science and
Technology, 99, 105950. https://doi.org/10.1016/j.jddst.2024.105950

7. Arya, A., Chahal, R., Nanda, A., Kaushik, D., Bin-Jumah, M., Rahman, M. H., Abdel-
Daim, M. M., & Mittal, V. (2021). Statistically Designed Extraction of Herbs Using
Ultrasound Waves: A Review. Current Pharmaceutical Design, 27(34), 3638-3655.
https://doi.org/10.2174/1381612827666210222114441

8. Ayu, K. C., Puspitojati, E., & Nurlaela, S. (2022). Analysis of Digital Marketing
Strategies for Herbal Medicine Products (Case Study at “X” Herbal Industry in
Yogyakarta, Indonesia).  Journal ~ of  Multidisciplinary  Studies,  11(2).
https://doi.org/10.62249/jmds.2013.2428

9. Aziz, M., Saeed, F., Ahmad, N., Ahmad, A., Afzaal, M., Hussain, S., Mohamed, A. A.,
Alamri, M. S., & Anjum, F. M. (2021). RETRACTED: Biochemical profile of milk
thistle ( Silypoum Marianum L.) with special reference to silymarin content. Food Science
& Nutrition, 9(1), 244-250. https://doi.org/10.1002/fsn3.1990

10. Bahmani, M., Shirzad, H., Rafieian, S., & Rafieian-Kopaei, M. (2015). Silybum
marianum : Beyond Hepatoprotection. Journal of Evidence-Based Complementary &
Alternative Medicine, 20(4), 292-301. https://doi.org/10.1177/2156587215571116

11. Bhattacharjee, B., Sandhanam, K., Ghose, S., Barman, D., & Sahu, R. K. (2023).
Market Overview of Herbal Medicines for Lifestyle Diseases. In Role of Herbal
Medicines (pp. 597-614). Springer Nature Singapore. https://doi.org/10.1007/978-981-
99-7703-1_30

12. Bhimanwar, R., Kothapalli, L., & Khawshi, A. (2020). Quercetin as Natural
Bioavailability Modulator: An Overview. Research Journal of Pharmacy and Technology,
13(4), 2045. https://doi.org/10.5958/0974-360X.2020.00368.6

13. Bhusnure, O. ., Gholve, S. ., Giram, P. ., Borsure, V. ., Jadhav, P. ., Satpute, V. ., &
Sangshetti, J. N. (2016). Importance of Supercritical Fluid Extraction Techniques in. Indo
American Journal of Pharmaceutical Research, 5(January 2015), 3785-3801.

14. Bijak, M. (2017). Silybin, a Major Bioactive Component of Milk Thistle (Silybum
marianum L. Gaernt.)—Chemistry, Bioavailability, and Metabolism. Molecules, 22(11),
1942. https://doi.org/10.3390/molecules22111942

TYA



&

\
At s Print -ISSN 2306-5249
J O B S = ejw‘ O:I?ne ISSN 2791-3279
== Journal of Basic Science cssalls glu su

:a,_q“y LVEE7/aY Y0

15. Borhan, M. Z., Norhidayah, A., Ahmad, R., Rusop, M., & Abdullah, S. (2013).
Production of Herbal Nanopowders: Effect of Milling Time. Advanced Materials
Research, 686, 3—7. https://doi.org/10.4028/www.scientific.net/AMR.686.3

16. Busia, K. (2024). Herbal Medicine Dosage Standardisation. Journal of Herbal
Medicine, 46, 100889. https://doi.org/10.1016/j.hermed.2024.100889

17. Byeon, J. C., Ahn, J. Bin, Jang, W. S., Lee, S.-E., Choi, J.-S., & Park, J.-S. (2019).
Recent formulation approaches to oral delivery of herbal medicines. Journal of
Pharmaceutical Investigation, 49(1), 17-26. https://doi.org/10.1007/s40005-018-0394-4
18. Camini, F. C., & Costa, D. C. (2020). Silymarin: not just another antioxidant. Journal
of Basic and Clinical Physiology and Pharmacology, 31(4). https://doi.org/10.1515/jbcpp-
2019-0206

19. Cérdenas, S., & Lucena, R. (2017). Recent Advances in Extraction and Stirring
Integrated Techniques. Separations, 4(1), 6. https://doi.org/10.3390/separations4010006
20. Celik, H. T., & Girl, M. (2015). Extraction of oil and silybin compounds from milk
thistle seeds using supercritical carbon dioxide. The Journal of Supercritical Fluids, 100,
105-109. https://doi.org/10.1016/j.supflu.2015.02.025

21. Chivte, V. K., Tiwari, S. V, & Nikalge, A. P. G. (2019). Bioenhancers: a Brief
Review Bioenhancers : a Brief Review. Advanced Journal of Pharmacie and Life Science
Research, 5(2), 1-18.

22. Choi, H.-G., Yong, C. S,, Yang, K. Y., Hwang, D. H., Kim, D.-W., Bae, O.-N., Kim,
J. O, Shin, Y.-J., Yousaf, A. M., & Kim, Y.-l. (2013). Silymarin-loaded solid
nanoparticles provide excellent hepatic protection: physicochemical characterization and
in  vivo  evaluation. International ~ Journal ~ of =~ Nanomedicine,  3333.
https://doi.org/10.2147/1JN.S50683

23. Choi, W. S., Kim, H. Il, Kwak, S. S., Chung, H. Y., Chung, H. Y., Yamamoto, K.,
Oguchi, T., Tozuka, Y., Yonemochi, E., & Terada, K. (2004). Amorphous ultrafine
particle preparation for improvement of bioavailability of insoluble drugs: grinding
characteristics of fine grinding mills. International Journal of Mineral Processing, 74,
S165-S172. https://doi.org/10.1016/j.minpro.2004.07.025

24. Choudhury, A., Singh, P. A., Bajwa, N., Dash, S., & Bisht, P. (2023).
Pharmacovigilance of herbal medicines: Concerns and future prospects. Journal of
Ethnopharmacology, 309, 116383. https://doi.org/10.1016/j.jep.2023.116383

25. Cianchino, V. A., Favier, L. S., Ortega, C. A., Peralta, C., & Cifuente, D. A. (2020).
Formulation development and evaluation of Silybum marianum tablets. Rodriguésia, 71.
https://doi.org/10.1590/2175-7860202071044

26. Clarridge, K. E., Chin, S. J., & Stone, K. D. (2022). Overview of FDA Drug Approval
and Labeling. The Journal of Allergy and Clinical Immunology: In Practice, 10(12),
3051-3056. https://doi.org/10.1016/j.jaip.2022.09.005

174



\
At s Print -ISSN 2306-5249
J O B S = ejw‘ O:I?ne ISSN 2791-3279
== Journal of Basic Science cssalls glu su

:a,_q“y LVEE7/aY Y0

27. Csupor, D., Csorba, A., & Hohmann, J. (2016). Recent advances in the analysis of
flavonolignans of Silybum marianum. Journal of Pharmaceutical and Biomedical
Analysis, 130, 301-317. https://doi.org/10.1016/j.jpba.2016.05.034

28. Design and Development of Atenolol Matrix Tablet Employing Natural and Synthetic
Polymers. (2013). Journal of Applied Pharmaceutical Science.
https://doi.org/10.7324/JAPS.2013.3919

29. Di Costanzo, A., & Angelico, R. (2019). Formulation Strategies for Enhancing the
Bioavailability of Silymarin: The State of the Art. Molecules, 24(11), 2155.
https://doi.org/10.3390/molecules24112155

30. Dixit, N., Baboota, S., Kohli, K., Ahmad, S., & Ali, J. (2007). Silymarin: A review of
pharmacological aspects and bioavailability enhancement approaches. Indian Journal of
Pharmacology, 39(4), 172. https://doi.org/10.4103/0253-7613.36534

31. bordevi¢, S., Jankovi¢, T., & Mihailovi¢, M. (2018). The influence of the extraction
method on the content of silymarin in Silybi mariani fructus. Lekovite Sirovine, 38, 5-8.
https://doi.org/10.5937/1eksir1838005D

32. Drouet, S., Leclerc, E. A., Garros, L., Tungmunnithum, D., Kabra, A., Abbasi, B. H.,
Lainé, E., & Hano, C. (2019). A Green Ultrasound-Assisted Extraction Optimization of
the Natural Antioxidant and Anti-Aging Flavonolignans from Milk Thistle Silybum
marianum (L.) Gaertn. Fruits for Cosmetic Applications. Antioxidants, 8(8), 304.
https://doi.org/10.3390/antiox8080304

33. El-Samaligy, M. S., Afifi, N. N., & Mahmoud, E. A. (2006). Increasing
bioavailability of silymarin using a buccal liposomal delivery system: Preparation and
experimental design investigation. International Journal of Pharmaceutics, 308(1-2),
140-148. https://doi.org/10.1016/j.ijpharm.2005.11.006

34. Elateeq, A. A., Sun, Y., Nxumalo, W., & Gabr, A. M. M. (2020). Biotechnological
production of silymarin-in Silybum marianum-L.: A review. Biocatalysis and Agricultural
Biotechnology, 29, 101775. https://doi.org/10.1016/j.bcab.2020.101775

35. Emerich, D. F., & Thanos, C. G. (2003). Nanotechnology and medicine. Expert
Opinion on Biological Therapy, 3(4), 655-663. https://doi.org/10.1517/14712598.3.4.655
36. Fathi-Achachlouei, B., Azadmard-Damirchi, S., Zahedi, Y., & Shaddel, R. (2019).
Microwave pretreatment as a promising strategy for increment of nutraceutical content
and extraction yield of oil from milk thistle seed. Industrial Crops and Products, 128,
527-533. https://doi.org/10.1016/j.indcrop.2018.11.034

37. Fenclova, M., Novakova, A., Viktorova, J., Jonatova, P., Dzuman, Z., Ruml, T., Kren,
V., Hajslova, J., Vitek, L., & Stranska-Zachariasova, M. (2019). Poor chemical and
microbiological quality of the commercial milk thistle-based dietary supplements may
account for their reported unsatisfactory and non-reproducible clinical outcomes.
Scientific Reports, 9(1), 11118. https://doi.org/10.1038/s41598-019-47250-0

¢



&

At s Print -ISSN 2306-5249
J O B S = ejw‘ O:I?ne ISSN 2791-3279
== Journal of Basic Science cssalls glu su

:a,_q“y LVEE7/aY Y0

\

_/

38. Fenclova, M., Stranska-Zachariasova, M., Benes, F., Novakova, A., Jonatova, P.,
Kren, V., Vitek, L., & Hajslova, J. (2020). Liquid chromatography—drift tube ion
mobility—-mass spectrometry as a new challenging tool for the separation and
characterization of silymarin flavonolignans. Analytical and Bioanalytical Chemistry,
412(4), 819-832. https://doi.org/10.1007/s00216-019-02274-3

39. Garg, R., & Gupta, G. Das. (2009). Preparation and Evaluation of Gastroretentive
Floating Tablets of Silymarin. Chemical and Pharmaceutical Bulletin, 57(6), 545-549.
https://doi.org/10.1248/cpb.57.545

40. Giacometti, J., Bursa¢ Kovacevi¢, D., Putnik, P., Gabri¢, D., Bilusi¢, T., Kresi¢, G.,
Stuli¢, V., Barba, F. J., Chemat, F., Barbosa-Canovas, G., & Rezek Jambrak, A. (2018).
Extraction of bioactive compounds and essential oils from mediterranean herbs by
conventional and green innovative techniques: A review. Food Research International,
113, 245-262. https://doi.org/10.1016/j.foodres.2018.06.036

41. Gilabadi, S., Stanyon, H., DeCeita, D., Pendry, B. A., & Galante, E. (2023). Simple
and effective method for the extraction of silymarin from Silybum marianum (L.)
gaertner seeds. Journal of Herbal Medicine, 37, 1006109.
https://doi.org/10.1016/j.hermed.2022.100619

42. Gligor, F. G., Dobrea, C. M., Georgescu, C., Vonica Gligor, L. A., Frum, A., &
Totan, M. (2016). Silymarin food supplements — Oral solid dosage forms. Scientific
Study and Research: Chemistry and Chemical Engineering, Biotechnology, Food
Industry, 17(4), 349-354.

43. Haleem, A., Javaid, M., Singh, R. P., Rab, S., & Suman, R. (2023). Applications of
nanotechnology in medical field: a brief review. Global Health Journal, 7(2), 70-77.
https://doi.org/10.1016/j.glohj.2023.02.008

44. Hashemi, S. J., Hajiani, E., & Sardabi, E. H. (2009). ORIGINAL A RTICLE. 9(4),
265-270.

45. Haywood, A., & Glass, B. D. (2013). Liquid Dosage Forms Extemporaneously
Prepared from Commercially Available Products — Considering New Evidence on
Stability. Journal of Pharmacy & Pharmaceutical Sciences, 16(3), 441.
https://doi.org/10.18433/J38887

46. Hellerbrand, C., Schattenberg, J. M., Peterburs, P., Lechner, A., & Brignoli, R
(2017). The potential of silymarin for the treatment of hepatic disorders. Clinical
Phytoscience, 2(1), 7. https://doi.org/10.1186/s40816-016-0019-2

47. Herrero, M., Mendiola, J. A., Cifuentes, A., & Ibafez, E. (2010). Supercritical fluid
extraction: Recent advances and applications. Journal of Chromatography A, 1217(16),
2495-2511. https://doi.org/10.1016/j.chroma.2009.12.019

48. Himmatul Miftah, Novita, I., Tsuwaibah, H., & Sunaryo, M. A. (2020). PRODUCT
ATTRIBUTES DETERMINE THE PREFERENCE OF HERBAL MEDICINE

1¢)



&

\

At s Print -ISSN 2306-5249
J O B S = ejw‘ O:I?ne ISSN 2791-3279
== Journal of Basic Science cssalls glu su

:a,_q“y LVEE7/aY Y0

_/

CONSUMERS. Indonesian Journal of Applied Research (IJAR), 1(3), 149-154.
https://doi.org/10.30997/ijar.v1i3.65

49. Hosseini, S., Rezaei, S., Moghaddam, M. R. N., Elyasi, S., & Karimi, G. (2021).
Evaluation of oral nano-silymarin formulation efficacy on prevention of radiotherapy
induced mucositis: A randomized, double-blinded, placebo-controlled clinical trial.
PharmaNutrition, 15, 100253. https://doi.org/10.1016/j.phanu.2021.100253

50. Huseini, H. F., Larijani, B., Heshmat, R., Fakhrzadeh, H., Radjabipour, B., Toliat, T.,
& Raza, M. (2006). The efficacy ofSilybum marianum (L.) Gaertn. (silymarin) in the
treatment of type Il diabetes: a randomized, double-blind, placebo-controlled, clinical
trial. Phytotherapy Research, 20(12), 1036—1039. https://doi.org/10.1002/ptr.1988

51. Jabtonowska, M., Ciganovi¢, P., Jablan, J., Margui, E., Tomczyk, M., & Zovko
Konci¢, M. (2021). Silybum marianum glycerol extraction for the preparation of high-
value anti-ageing extracts. Industrial Crops and Products, 168, 113613.
https://doi.org/10.1016/j.indcrop.2021.113613

52. Jadhav, C. A., Vikhe, D. N., & Jadhav, R. S. (2020). Global and domestic market of
herbal medicines: A review. Research Journal of Science and Technology, 12(4), 327-
330. https://doi.org/10.5958/2349-2988.2020.00049.2

53. Jaffar, H. M., Al-Asmari, F., Khan, F. A., Rahim, M. A., & Zongo, E. (2024).
Silymarin: Unveiling its pharmacological spectrum and therapeutic potential in liver
diseases—A comprehensive narrative review. Food Science & Nutrition, 12(5), 3097—
3111. https://doi.org/10.1002/fsn3.4010

54. Jahan, N., Rahman, K.-, Basra, S. M. A., Sajid, S., & Afzal, I. (2016). Seed
Enhancement of Silybum marianum and Optimization of Silymarin Extraction.
International ~ Journal of  Agriculture and Biology, 18(02), 464-470.
https://doi.org/10.17957/1JAB/15.0139

55. Javed, S., Ahsan, W., & Kohli, K. (2018). Pharmacological influences of natural
products as bioenhancers of silymarin against carbon tetrachloride-induced hepatotoxicity
in rats. Clinical Phytoscience, 4(1), 18. https://doi.org/10.1186/s40816-018-0079-6

56. Javed, S., Kohli, K., & Ahsan, W. (2022). Bioavailability augmentation of silymarin
using natural bioenhancers: An in vivo pharmacokinetic study. Brazilian Journal of
Pharmaceutical Sciences, 58. https://doi.org/10.1590/s2175-97902022e20160

57.Javed, S., Kohli, K., & Ali, M. (2010). Patented Bioavailability Enhancement
Techniques of Silymarin. Recent Patents on Drug Delivery & Formulation, 4(2), 145-
152. https://doi.org/10.2174/187221110791184999

58. K. A. Bunnell, S. N. Wallace, E. C. Clausen, W. R. Penney, & D. J. Carrier. (2010).
Comparison of Silymarin Extraction from Silybum marianum Using a Soxhlet Apparatus,
Batch Parr, and Countercurrent Pressurized Hot Water Reactors. Transactions of the
ASABE, 53(6), 1935-1940. https://doi.org/10.13031/2013.35793

1¢Y



\
At s Print -ISSN 2306-5249
J O B S = ejw‘ O:I?ne ISSN 2791-3279
== Journal of Basic Science cssalls glu su

:a,_q“y LVEE7/aY Y0

59. Kesharwani, S. S., Jain, V., Dey, S., Sharma, S., Mallya, P., & Kumar, V. A. (2020).
An overview of advanced formulation and nanotechnology-based approaches for
solubility and bioavailability enhancement of silymarin. Journal of Drug Delivery Science
and Technology, 60, 102021. https://doi.org/10.1016/j.jddst.2020.102021

60. Klut, H. (2022). A Review of Regulatory Compliance of Medicines Containing
Silypum Marianum (L.) Gaertn. (Milk Thistle) on the South African market.
0002(August), 1-136.

61. Kumar, N., Rai, A., Reddy, N. D., Raj, P. V., Jain, P., Deshpande, P., Mathew, G.,
Kutty, N. G., Udupa, N., & Rao, C. M. (2014). Silymarin liposomes improves oral
bioavailability of silybin besides targeting hepatocytes, and immune cells.
Pharmacological Reports, 66(5), 788—798. https://doi.org/10.1016/j.pharep.2014.04.007
62. Lee, J.-S., Hong, D. Y., Kim, E. S., & Lee, H. G. (2017). Improving the water
solubility and antimicrobial activity of silymarin by nanoencapsulation. Colloids and
Surfaces B: Biointerfaces, 154, 171-177. https://doi.org/10.1016/j.colsurfb.2017.03.004
63. Lim, D. Y., Pang, M., Lee, J., Lee, J., Jeon, J.-H., Park, J.-H., Choi, M.-K., & Song,
I.-S. (2022). Enhanced bioavailability and hepatoprotective effect of silymarin by
preparing silymarin-loaded solid dispersion formulation using freeze-drying method.
Archives of Pharmacal Research, 45(10), 743-760. https://doi.org/10.1007/s12272-022-
01407-0

64. Loguercio, C., Federico, A., Trappoliere, M., Tuccillo, C., Sio, I. de, Leva, A. Di,
Niosi, M., D’Auria, M. V., Capasso, R., & Blanco, C. D. V. (2007). The Effect of a
Silybin-Vitamin E-Phospholipid Complex on Nonalcoholic Fatty Liver Disease: A Pilot
Study. Digestive Diseases and Sciences, 52(9), 2387-2395.
https://doi.org/10.1007/s10620-006-9703-2

65. Lorenzo, J. M., Putnik, P., Bursa¢ Kovacevi¢, D., Petrovi¢, M., Munekata, P. E.,
Gobmez, B., Marszalek, K., Roohinejad, S., & Barba, F. J. (2020). Silymarin compounds:
Chemistry, innovative extraction techniques and synthesis (pp. 111-130).
https://doi.org/10.1016/B978-0-12-817903-1.00004-8

66. Mohammed Golam Rasul. (2018). Conventional Extraction Methods Use in
Medicinal Plants, their Advantages and Disadvantages. International Journal of Basic
Sciences and Applied Computing, 2(6), 10-14.

67. Nasim, N., Sandeep, I. S., & Mohanty, S. (2022). Plant-derived natural products for
drug discovery: current approaches and prospects. The Nucleus, 65(3), 399-411.
https://doi.org/10.1007/s13237-022-00405-3

68. Naziri, E., Glisic, S. B., Mantzouridou, F. T., Tsimidou, M. Z., Nedovic, V., &
Bugarski, B. (2016). Advantages of supercritical fluid extraction for recovery of squalene
from wine lees. The Journal of Supercritical Fluids, 107, 560-565.
https://doi.org/10.1016/j.supflu.2015.07.014

1¢Y



\
At s Print -ISSN 2306-5249
J O B S = ejw‘ O:I?ne ISSN 2791-3279
== Journal of Basic Science cssalls glu su

:a,_q“y LVEE7/aY Y0

69. Noor, A. D., & B.H. Al-Khedairy, E. (2019). Formulation and Evaluation of
Silymarin Microcrystals by In- Situ Micronization Technique. Iraqi Journal of
Pharmaceutical Sciences ( P-ISSN: 1683 - 3597 , E-ISSN : 2521 - 3512), 28(1), 1-16.
https://doi.org/10.31351/vol28iss1ppl-16

70. Obeid, M. A., Al Qaraghuli, M. M., Alsaadi, M., Alzahrani, A. R., Niwasabutra, K.,
& Ferro, V. A. (2017). Delivering Natural Products and Biotherapeutics to Improve Drug
Efficacy. Therapeutic Delivery, 8(11), 947-956. https://doi.org/10.4155/tde-2017-0060

71. Odubo, T. C,, lyiola, A. O., Adetola, B. O., Kolawole, A. S., Izah, S. C., Raimi, M.
0., & Ogwu, M. C. (2024). Socioeconomic Values of Herbal Medicine (pp. 1109-1139).
https://doi.org/10.1007/978-3-031-43199-9 3

72.0h, D.-M., Curl, R. L., Yong, C.-S., & Amidon, G. L. (1995). Effect of micronization
on the extent of drug absorption from suspensions in humans. Archives of Pharmacal
Research, 18(6), 427—433. https://doi.org/10.1007/BF02976347

73. Oliveira da Silva, L., Assuncdo Ferreira, M. R., & Lira Soares, L. A. (2023).
Nanotechnology Formulations Designed with Herbal Extracts and Their Therapeutic
Applications - A Review. Chemistry & Biodiversity, 20(8).
https://doi.org/10.1002/cbdv.202201241

74.0ng, E. S. (2004). Extraction methods and chemical standardization of botanicals and
herbal  preparations. Journal of Chromatography B, 812(1-2), 23-33.
https://doi.org/10.1016/j.jchromb.2004.07.041

75. Palaric, C., Atwi-Ghaddar, S., Gros, Q., Hano, C., & Lesellier, E. (2023). Sequential
selective supercritical fluid extraction (S3FE) of triglycerides and flavonolignans from
milk thistle (Silybum marianum L, Gaertn). Journal of CO2 Utilization, 77, 1026009.
https://doi.org/10.1016/j.jcou.2023.102609

76. Peterson, B., Weyers, M., Steenekamp, J. H., Steyn, J. D., Gouws, C., & Hamman, J.
H. (2019). Drug Bioavailability Enhancing Agents of Natural Origin (Bioenhancers) that
Modulate Drug Membrane Permeation and Pre-Systemic Metabolism. Pharmaceutics,
11(1), 33. https://doi.org/10.3390/pharmaceutics11010033

77. Piazzini, V., D’Ambrosio, M., Luceri, C., Cinci, L., Landucci, E., Bilia, A. R, &
Bergonzi, M. C. (2019). Formulation of Nanomicelles to Improve the Solubility and the
Oral Absorption of Silymarin. Molecules, 24(9), 1688.
https://doi.org/10.3390/molecules24091688

78. Poltavets, Y. 1., Kuznetsov, S. L., Tubasheva, I. A., Murav’eva, A. 1., & Gukasova, N.
V. (2021). Nano- and Microsized Forms of Silymarin and Silybin. Nanobiotechnology
Reports, 16(2), 115-137. https://doi.org/10.1134/S2635167621020105

79. Prado, J. M., Veggi, P. C., & Meireles, M. A. A. (2017). Scale-Up Issues and Cost of
Manufacturing Bioactive Compounds by Supercritical Fluid Extraction and Ultrasound

1¢¢



&

\

At s Print -ISSN 2306-5249
J O B S = ejw‘ O:I?ne ISSN 2791-3279
== Journal of Basic Science cssalls glu su

:a,_q“y LVEE7/aY Y0

_/

Assisted Extraction. In Global Food Security and Wellness (pp. 377-433). Springer New
York. https://doi.org/10.1007/978-1-4939-6496-3_20

80. Puri, M., Sharma, D., & Barrow, C. J. (2012). Enzyme-assisted extraction of
bioactives  from plants. Trends in Biotechnology, 30(2), 37-44.
https://doi.org/10.1016/j.tibtech.2011.06.014

81. Ralli, T., Kalaiselvan, V., Tiwari, R., Shukla, S., & Kholi, K. (2021). Clinical and
Regulatory Status of Silymarin. Applied Drug Research, Clinical Trials and Regulatory
Affairs, 8(2), 104-111. https://doi.org/10.2174/2667337108666211112153807

82. S, V. (2021). A Strategy to Enhance Bioavailability of Drug Candidates: Natural
Bioenhancers.  SunText  Review of  Pharmaceutical  Sciences,  02(01).
https://doi.org/10.51737/2766-5232.2021.008

83. Saggar, S., Mir, P. A., Kumar, N., Chawla, A., Uppal, J., Shilpa, S., & Kaur, A.
(2022). Traditional and Herbal Medicines: Opportunities and Challenges. Pharmacognosy
Research, 14(2), 107—114. https://doi.org/10.5530/pres.14.2.15

84. Saleh, I. A, Vinatoru, M., Mason, T. J., Abdel-Azim, N. S., Shams, K. A., Aboutabl,
E., & Hammouda, F. M. (2017). Extraction of silymarin from milk thistle ( Silybum
marianum ) seeds — a comparison of conventional and microwave-assisted extraction
methods. Journal of Microwave Power and Electromagnetic Energy, 51(2), 124-133.
https://doi.org/10.1080/08327823.2017.1320265

85. Sansone, F., Esposito, T., Lauro, M. R., Picerno, P., Mencherini, T., Gasparri, F., De
Santis, S., Chieppa, M., Cirillo, C., & Aquino, R. P. (2018). Application of Spray Drying
Particle Engineering to a High-Functionality/Low-Solubility Milk Thistle Extract:
Powders Production and Characterization. Molecules, 23(7), 1716.
https://doi.org/10.3390/molecules23071716

86. Sher, M., Zahoor, M., Shah, S. W. A., & Khan, F. A. (2023). Is particle size reduction
linked to drug efficacy: an overview into nano- initiatives in pharmaceuticals. Zeitschrift
Fur Physikalische Chemie, 237(7), 845-877. https://doi.org/10.1515/zpch-2023-0221

87. Solhi, H., Ghahremani, R., Kazemifar, A. M., & Hoseini Yazdi, Z. (2014). Silymarin
in treatment of non-alcoholic steatohepatitis: A randomized clinical trial. Caspian Journal
of Internal Medicine, 5(1), 9-12. http://www.ncbi.nIm.nih.gov/pubmed/24490006

88. Sprung, S., Tobyn, G., & Rutter, P. (2023). Uses and experience of highly
standardised plant medicine extracts by UK medical herbalists. Journal of Herbal
Medicine, 42, 100742. https://doi.org/10.1016/j.hermed.2023.100742

89. Stielow, M., Witczynska, A., Kubryn, N., Fijatkowski, t., Nowaczyk, J., &
Nowaczyk, A. (2023). The Bioavailability of Drugs—The Current State of Knowledge.
Molecules, 28(24), 8038. https://doi.org/10.3390/molecules28248038

90. Su, Y., Zhou, X., Meng, H., Xia, T., Liu, H., Rolshausen, P., Roper, C., McLean, J.
E., Zhang, Y., Keller, A. A., & Jassby, D. (2022). Cost—benefit analysis of nanofertilizers
and nanopesticides emphasizes the need to improve the efficiency of nanoformulations

1¢o



&

\

At s Print -ISSN 2306-5249
J O B S = ejw‘ O:I?ne ISSN 2791-3279
== Journal of Basic Science cssalls glu su

:a,_q“y LVEE7/aY Y0

_/

for widescale adoption. Nature Food, 3(12), 1020-1030. https://doi.org/10.1038/s43016-
022-00647-z

91. Sunita, Kaushik, R., Verma, K. K., & Parveen, R. (2025). Herbal Nanoformulations
for Diabetes: Mechanisms, Formulations, and Clinical Impact. Current Diabetes Reviews,
21(3). https://doi.org/10.2174/0115733998288592240308073925

92. Thorat, S. S., Gujar, K. N., & Karale, C. K. (2023). Bioenhancers from mother nature:
an overview. Future Journal of Pharmaceutical Sciences, 9(1), 20.
https://doi.org/10.1186/s43094-023-00470-8

93. Upton, R., Agudelo, I., Cabrera, Y., Caceres, A., Calderdn, A., Calzada, F., Camacho,
R., da Costa, F., Dobrecky, C., Enciso, R., Escobar, M., Fakhary, M., Fletcher, E., Gao,
Q., Lock, O., Mata, R., Parada, M., Perera, W., Pombo, L. M., ... Navarro-Hoyos, M.
(2024). A U.S. Pharmacopeia (USP) overview of Pan American botanicals used in dietary
supplements and  herbal  medicines.  Frontiers in Pharmacology, 15.
https://doi.org/10.3389/fphar.2024.1426210

94. Vandana, K. R., Prasanna Raju, Y., Harini Chowdary, V., Sushma, M., & Vijay
Kumar, N. (2014). An overview on in situ micronization technique — An emerging novel
concept in advanced drug delivery. Saudi Pharmaceutical Journal, 22(4), 283-289.
https://doi.org/10.1016/j.jsps.2013.05.004

95. Vinchurkar, K., & Mane, S. (Eds.). (2024). Al Innovations in Drug Delivery and
Pharmaceutical Sciences; Advancing Therapy through Technology. BENTHAM
SCIENCE PUBLISHERS. https://doi.org/10.2174/97898153057531240101

96. Wang, M., Xie, T., Chang, Z., Wang, L., Xie, X., Kou, Y., Xu, H., & Gao, X. (2015).
A New Type of Liquid Silymarin Proliposome Containing Bile Salts: Its Preparation and
Improved  Hepatoprotective  Effects. PLOS  ONE, 10(12), e0143625.
https://doi.org/10.1371/journal.pone.0143625

97. Wang, Y., Zhang, L., Wang, Q., & Zhang, D. (2014). Recent Advances in the
Nanotechnology-Based Drug Delivery of Silybin. Journal of Biomedical
Nanotechnology, 10(4), 543-558. https://doi.org/10.1166/jbn.2014.1798

98. Wianowska, D., & Gil, M. (2017). Silymarin Extraction From Silybum marianum L.
Gaertner. In Water Extraction of Bioactive Compounds (pp. 385-397). Elsevier.
https://doi.org/10.1016/B978-0-12-809380-1.00015-2

99. Wianowska, D., & Wi niewski, M. (2015). Simplified Procedure of Silymarin
Extraction from Silybum marianum L. Gaertner. Journal of Chromatographic Science,
53(2), 366-372. https://doi.org/10.1093/chromsci/bmu049

100.Zhang, T., Chen, X., Huang, Y., & Zhang, Y. (2024). Effects of extraction
techniques on the structural and physicochemical characteristics of Silybum marianum
seed meal protein. Journal of Food Measurement and Characterization, 18(11), 9385—
9397. https://doi.org/10.1007/s11694-024-02887-y

&7



\_

Ve :
- g ” Print -ISSN 2306-5249

J O B E ; ¥ Al ?JM‘ aday O:I?ne-ISSN 2791-3279
== Journal of BasiC Science csséalls gbud sal

~

&P AV EET/aY Y0

101.Zhang, Z., Li, X,, Sang, S., McClements, D. J., Chen, L., Long, J., Jiao, A., Wang, J.,
Jin, Z.,, & Qiu, C. (2022). A review of nanostructured delivery systems for the
encapsulation, protection, and delivery of silymarin: An emerging nutraceutical. Food
Research International, 156, 111314. https://doi.org/10.1016/j.foodres.2022.111314.

ey






