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ABSTRACT

Withania somnifera, commonly known as “Ashwagandha” or “Indian ginseng” is an essential therapeutic plant of Indian
subcontinent regions. It is used in Ayurvedic and indigenous systems of medicine for more than 3,000 years. Withania somnifera
indicate vartous biological actions such as anti-cancer, anti-inflammatory, anti-diabetic, anti-microbial, anti-arthritic, anti-
stress/adaptogenic, neuro-protective, cardio-protective, hepato-protective, immunomodulatory properties. These therapeutic effect due
to a diverse group of bioactive compounds, particularly withanolides, withaferin-A, withanone, sitoindosides, and alkaloids. But
unfortunately, there is the oral bioavailability of these constituents remains a major limitation for clinical efficacy. Many factors
responsible for poor bioavailability including low aqueous solubility, poor permeability, extensive first-pass metabolism, and rapid
systemic clearance. Accordingly, to overcome these issues, numerous strategies have been proposed and are investigated in this article,
such as advanced formulation techniques (nanoemulsions, liposomes, solid lipid nanoparticles, and phytosomes), co-administration
with natural bicenhancers like Piperine and curcumin Recent pharmacokinetic studies in both animal models and humans indicate
that such approaches significantly improve absorption, half-life, and overall systemic exposure of active constituents However,
variability in extract composition, limited clinical trials, and concerns regarding long-term safety of enhanced formulations remain
important challenges. Overall, improving the oral bioavailability of W. somnifera constituents holds strong potential to translate its
traditional use into consistent therapeutic outcomes, but further well-designed human studies are required to validate these advances.
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INTRODUCTION

Withania somnifera (Ashwagandha) has gained attention in both traditional and modern medicine for their therapeutic potential.
Their are many varieties of medicinal plants which have been utilized for their therapeutic effect. The oldest documented account
of healing science can be found in the Vedas [1]. Around 2000 species of medicinal plants and spices are used in India's traditional
medical systems (IMS), which include Ayurveda, Siddha, and Unani. The ancient Vedic books discuss the Indian system of medicine
between 2500 and 500 BC. Withania somnifera, also known as ashwagandha L. Dunal (WS), has been utilized for centuries because
of its many health advantages. It is generally located in regions of Africa, Central Asia, and South Asia [2]. It has been widely
utilized as a herbal medication for the past 3,000 years in the Ayurvedic and Unani medical systems. [3,4]. In traditional medicine,
it has been used as a diuretic, narcotic, anti-stress, aphrodisiac, anti-worm, anti-liver disease, leprosy, anti-inflammatory,
cardiovascular, joint pain, antibacterial, nervous system disorders, arthritis, etc. [4,5,6]. Numerous pharmacological properties, such
as anti-inflammatory, analgesic, anti-arthritic, hepatoprotective, anti-cancer, anti-epileptic, anti-Alzheimer, anti-Parkinson,
cardioprotective, neuroprotective, anti-microbial, anti-fungal, antioxidant, immunomodulatory, anti-depressant, anti-diabetic, anti-
platelet, fibrinolytic, etc., have been documented in W. somnifera.[7,8,9]. The plant contains many classes of chemical compounds
and phytochemicals that have attracted a lot of attention from researchers due to their multifaceted significance and broad range of
health benefits [3]. The primary active constituents of the plant that have been identified as bioactive are withanolides A-Y,
withaferin A, withasomniferin A, withasomnidienone, withasomnierose A C, withanone, etc [10]. Along with these lactones, the
plant extract also contains alkaloids as isopelletierine, anaferine, cuseohygrine, and anahygrine [11]. These bioactive compounds
are known to impart the pharmacological effect by targeting different biomolecules in the living systems. The low oral
bioavailability of W. somnifera's active ingredients is a major barrier to converting the plant's therapeutic advantages into reliable
clinical results, even in the face of encouraging preclinical results [12]. The percentage of an oral dose that enters the bloodstream
in an active form is known as oral bioavailability. Systemic exposure to phytoconstituents is greatly decreased by characteristics
like efflux by intestinal transporters, chemical instability in the gastrointestinal tract, low permeability, poor solubility, and extensive
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first-pass metabolism [13]. For instance, withanone and withaferin A exhibit low oral absorption and rapid metabolism, which limits
their therapeutic utility despite their potency in vitro [14]. The chemical nature of these chemical compounds plays a central role in
their pharmacokinetic limitations. Many withanolides are lipophilic molecules with poor aqueous solubility, which restricts
dissolution in gastrointestinal fluids and subsequent absorption [15]. The effective concentration of some constituents in plasma is
further decreased by their susceptibility to hepatic first-pass metabolism or enzymatic degradation [12]. The need for innovative
methods to increase bioavailability in order to replicate the therapeutic benefits seen in laboratory studies in clinical practice is
highlighted by this pharmacokinetic barrier. Numerous approaches have been studied to get around these restrictions. To increase
solubility, stability, and absorption, formulation-based strategies like liposomes, solid lipid nanoparticles, nano-emulsions, and
phytosomes have been used [16]. According to reports, using natural bioenhancers like Piperine and curcumin can increase the
systemic availability of withanolides by blocking metabolizing enzymes and efflux transporters [17]. Furthermore, compared to
conventional extracts, extract standardization toward higher proportions of withanolide glycosides, as in WS-35 or Shoden, has
demonstrated superior pharmacokinetic profiles, indicating that constituent composition is a critical factor in determining
bioavailability [18].

Fig 1 : Withania somnifera [50]
Chemical constituent of Withania somnifera
Table 1: Summary of major phytoconstituent in plant extract

Phytoconstituent Plant part Biological activity Compound References
used structure
Withaferin-A Leaf Neuroprotective, i [19,20,5]
cardioprotective

Withanolide-A Root Immunomodulatory [20,5]
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Withanone Fruit Anti-inflammatory [20,21,5]

Withanolide-D Leaf Anti-cancer [20,5]

Factor Affecting Bioavailability of withania somnifera

A complex interplay of physicochemical, biological, and formulation-related factors influences the oral bioavailability of Withania
somnifera's bioactive chemical compounds. primary barrier is the poor aqueous solubility of withanolides, particularly withaferin
A and withanone, which limits their dissolution in gastrointestinal fluids and restricts absorption across the intestinal epithelium
[15]. In addition, many withanolides exhibit lipophilic characteristics, which although favorable for membrane permeability, often
result in poor dissolution and erratic absorption profiles [12]. An additional significant factor is chemical instability in the
gastrointestinal environment, where the integrity of these compounds may be compromised prior to their systemic circulation by
enzymatic degradation and acidic pH [14]. Withanolide systemic exposure is significantly reduced by first-pass metabolism, which
also improves its solubility and stability. Cytochrome P450 enzymes and conjugation pathways substantially metabolize substances
in the liver and intestine upon oral administration, resulting in low plasma concentrations despite good absorption [13]. Furthermore,
it is impossible to overlook the role of efflux transporters such as P-glycoprotein (P-gp), which actively lower net absorption by
pumping particular phytoconstituents back into the intestinal lumen [17]. Numerous preclinical pharmacokinetic investigations have
demonstrated this, pointing to a brief systemic residence time due to the short half-life and rapid elimination of withanolides [18].
Bioavailability results are also determined by the extracts' composition. Standardized extracts with a higher concentration of
withanolide glycosides, such as Shoden or WS-35, typically exhibit superior stability and absorption compared to those that
primarily contain aglycone withanolides. The reason for this is probably that the glycoside forms are more stable and soluble in the
body [11]. Additionally, absorption may be impacted by the presence of co-administered phytochemicals and dietary components.
For instance, natural bioenhancers such as Piperine improve the systemic exposure of withanolides by blocking metabolizing
enzymes and efflux transporters [17]. Because advanced formulations like nanoemulsions, solid lipid nanoparticles, and phytosomes
have been demonstrated to improve solubility, protect unstable molecules, and extend systemic circulation, formulation factors like
particle size, excipients, and delivery systems are also very important [16].

Strategies to Enhance Oral Bioavailability of Chemical Constituents of Withania somnifera
Oral administration of Withania somnifera extract is commonly used in both traditional and modern medicine system. However, as

was previously mentioned, a number of pharmacokinetic barriers, such as low solubility, poor permeability, first-pass metabolism,

£ 2025 EPRAIJRD | Journal DOI: https;/doi.org/10.36713/epra2016 | https:/eprajournals.com/ | 517 |



-

&)

SJIF Impact Factor (2025): 8.688| ISI L.F. Value: 1.241| Journal DOI: 10.36713/epra2016 ISSN: 2455-7838(Online)
EPRA International Journal of Research and Development (IJRD)

Volume: 10 | Issue: 11 | November 2025 - Peer Reviewed Journal

and rapid systemic clearance, limit the bioavailability of its main bioactive constituents, especially withanolides like withaferin A,
withanone, and withanolide A. Due to these difficulties, methods for improving bioavailability must be developed in order to
guarantee reliable therapeutic results. A variety of strategies, from the use of natural bioenhancers and extract standardization to
sophisticated formulation technologies, have been investigated during the last ten years. The main methods for improving the oral
bioavailability of W. somnifera constituents are described in this section.

Enhancing the Bioavailability of Withania somnifera Using Bioenhancers
Define Bioenhancers are compounds that, when combined with pharmacological substances, stimulate and enhance drug
bioavailability without having a synergistic activity with the drug.

Herbal bioenhancers act through several mechanisms of action. Different herbal bioenhancers may have same or different
mechanisms of action. They act by various mechanisms such as inhibiting drug-metabolizing enzymes (CYP450s, UGTs),
improving intestinal permeability, suppressing efflux transporters (like P-glycoprotein), and enhancing solubility or gastrointestinal
retention. When used with W. somnifera, these mechanisms help maximize the absorption and systemic exposure of withanolides
and related compounds.

Enhancing the Bioavailability of Withania somnifera Using Piperine

Piperine primarily enhances bioavailability through various mechanisms. Piperine inhibits cytochrome P450 (CYP450) enzymes,
mainly CYP3A4 and CYP2D6, which are responsible for the metabolism of herbal constituents [22]. Piperine decreases the
metabolic breakdown of withanolides by inhibiting these enzymes, which increases the number of active molecules that enter the
bloodstream. Furthermore, by inhibiting UDP-glucuronosyltransferase (UGT) activity, Piperine prevents glucuronidation by
delaying the quick conjugation and removal of withanolides [23]. Another important mechanism that enhances absorption of
substances in the gastrointestinal tract. Through changes in the structure and behavior of membrane lipids, piperine improves the
permeability of the intestinal lining, facilitating the better passage of poorly soluble molecules such as withaferin A through
intestinal cells [24]. Additionally, it stimulates intestinal blood flow and thermogenesis, both of which improve absorption efficiency
[25]. When combined, these effects aid in increasing the bloodstream's concentration and retention of the active ingredients in
Withania somnifera According to experimental data, Piperine's pharmacological effects can be considerably enhanced when
combined with Withania somnifera extract. In contrast to the extract alone, [26] discovered that a formulation comprising Piperine
(10 mg/kg) and standardized Withania somnifera extract (5% withanolides) produced stronger antioxidant and adaptogenic
responses. Similarly, Piperine co-administration improved the bioavailability and tissue distribution of withaferin A in rats,
according to [27]. This suggests that Piperine improves absorption and lowers hepatic metabolism. Combining Piperine and
Withania somnifera in a single delivery system, like liposomes, nano-emulsions, or capsules, can enhance stability and absorption
from a formulation perspective. Curcumin and resveratrol have already been successfully formulated using Piperine, indicating that
ashwagandha could benefit from the same approach

Enhancing Bioavailability of Withania Somnifera using Quercetin

There are several complementary mechanisms through which quercetin enhances bioavailability, including the following. It is an
inhibitor of cytochrome P450 enzymes, including CYP3A4 and CYP2C9. These enzymes are primarily involved in the metabolism
of phytoconstituents and xenobiotics [28]. Inhibition of enzymatic oxidation by quercetin results in decreased metabolic inactivation
of withanolides and thereby permits higher concentrations to achieve systemic circulation. Quercetin also inhibits the activity of P-
glycoprotein (P-gp), an efflux transporter which exports a number of compounds back into the gut lumen and thus impeded their
absorption [29]. This inhibition contributes to enhanced intestinal absorption of withanolides and also prolongs their residence in
the systemic circulation. Quercetin's antioxidant characteristics likewise add in no small measure to the safeguard of Withania
somnifera principles from the oxidative process in which they are liable to be altered during digestive and metabolic phenomena.
Oxidative stress injures the active structure of the withanolides, especially withaferin A. Quercetin, in scavenging free radicals from
the body, is an effective stabilizer, whereby the molecules of active principle would, as a result, become less vulnerable to
oxidization and oxidation products. Moreover, quercetin favours cellular membrane permeability and regulates the tight junction
proteins in enteric epithelial cells, thus allowing the passive diffusion of lipophilic compounds such as withanolides [30]. The
synergistic relationship is supported by experimental evidence. [12], for example, found that concomitant administration of Withania
somnifera with quercetin caused a significant increase in plasma concentration of withaferin A in rats relative to administration of
the herb alone. The combination of the two also contributed to a greater antioxidant enzyme activity and reduced markers of
oxidative stress, suggesting greater bioavailability and pharmacodynamic synergy. Similarly [31], report that quercetin increased
the stability and absorption of withanolide-rich extracts, with a corresponding increase in anti-inflammatory action and
neuroprotection. To increase the solubility and absorption of the two compounds from a formulation standpoint, joint formulations
of Withania somnifera and quercetin in lipid-based carriers, nanoparticles, or phytosomes can be utilized. Such systems protect both
substances from enzymatic degradation and also improve their gastrointestinal residence time [ 18]. Such approaches provide a new
area of exploration in the development of next generation of Ashwagandha formulations with improved and uniform therapeutic
efficacy.
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Enhancing Bioavailability of Withania somnifera using curcumin

Curcumin increases bioavailability mainly by modulating the activity of metabolic enzymes and efflux transporters. It inhibits
cytochrome P450 enzymes (particularly CYP3A4 and CYP1A2) and p-glycoprotein (P-gp); both are major determinants of first-
pass metabolism and efflux of xenobiotics from the intestine [23]. By inhibiting these pathways, curcumin lowers the metabolic
clearance of the withanolides and accomplishes this by producing elevated plasma concentrations and prolonged systemic retention.
Subsequently curcumin blocks the conjugative metabolism (glucuronidation and sulfation) associated with the rapid excretion of
the withanolides, thus prolonging life and bioefficacy [32]. In addition to inhibiting enzymes, curcumin enhances intestinal
absorption through changes in membrane and lipid dynamics. It promotes the permeability of intestinal epithelial cells with
concomitant passive diffusion of poorly soluble phytochemicals, including withaferin A and withanolide A [12]. Curcumin's
antioxidant and anti-inflammatory effects also play a role in maintaining the integrity of the intestinal mucosa, which can further
improve the uptake of Withania somnifera constituent [33]. The synergistic properties of these combinations are substantiated by
experimental and preclinical studies. It was shown that the coadministration of Withania somnifera extract with curcumin
significantly increased the plasma concentration of withaferin A, enhancing its neuroprotective activity in rodent models. [12].
Another study by [34] demonstrated that the coadministration of curcumin was capable of improving the antioxidant and antistress
activity of Withania somnifera. This observation indicates improved bioavailability of Withania somnifera and pharmacodynamical
synergies in the administration of Withania somnifera and curcumin. Apart from increased incidence and action, it was demonstrated
that the combination had the potential of improving cognitive performance and decreasing the effects of biochemical markers that
are stress related, which is reflected in the increased ability of systemic absorption of the active compounds and retention of such
compounds. From a formulation standpoint, nano formulations, liposomes and phospholipid complexes containing both Withania
somnifera and curcumin have been developed to further improve solubility, stability and permeability [11]. These advanced delivery
systems protect both compounds from enzymatic degradation and target delivery, which enhances therapeutic outcomes even at
lower doses.

Enhancing the Bioavailability of Withania somnifera Using Lipid-Based Carriers

The main ways that lipid-based carriers increase bioavailability are by making lipophilic phytoconstituents more soluble and by
facilitating lymphatic absorption, which helps to avoid hepatic first-pass metabolism [12]. Liposomes can encapsulate hydrophilic
and lipophilic compounds, protecting withanolides from degradation and enhancing cellular absorption. [35]. Research has
demonstrated that liposomal formulations of W. somnifera exhibit greater pharmacological efficacy in comparison to conventional
extracts, suggesting improved systemic availability [36]. Solid lipid nanoparticles (SLNs) and nanostructured lipid carriers (NLCs)
are two of the most well studied nano-lipid systems for herbal drugs. NLCs blend solid and liquid lipids to give increased drug
loading and controlled release, whereas SLNs are composed of solid lipids stabilized by surfactants. According to a study by [37],
SLNs loaded with W. somnifera showed improved antioxidant activity and a notable increase in in-vitro dissolution rate, suggesting
increased bioavailability. Similar to this, NLC formulations have been shown to sustain withanolide release over time and maintain
stability under physiological conditions, leading to long-lasting therapeutic effects [38]. Self-emulsifying drug delivery systems
(SEDDS) are one of the most effective lipid-based approaches to improve the absorption of Withania somnifera. These systems are
made from a blend of oils, surfactants, and co-solvents that spontaneously form tiny oil-in-water emulsions when they come into
contact with fluids in the digestive tract. This process helps dissolve and absorb the herb’s fat-soluble compounds more efficiently
[39]. developed a W. somnifera SEDDS that significantly improved the extract’s dissolution and intestinal permeability in laboratory
studies. The formation of these fine emulsions increased the surface area available for absorption, leading to higher plasma levels
of withanolides in animal models. Besides boosting absorption, SEDDS are easy to take, offer consistent dosing, and can be scaled
up for clinical use without major formulation issues. Beyond increasing solubility, lipid-based systems like SEDDS offer other
advantages. By protecting the active ingredients in W. somnifera from oxidation and enzymatic degradation during digestion, they
can increase the amount of intact withanolides that enter the bloodstream [40]. Additionally, by helping the compounds move across
biological membranes through processes like endocytosis or paracellular transport, lipid nanoparticles can improve the compounds'
bioavailability. These formulations are considered safe and suitable for long-term use because the lipids used are typically non-toxic
and compatible with the body. In general, they provide a practical and scientifically valid solution to Withania somnifera absorption
issues, enhancing the consistency and clinical importance of its therapeutic effects.

Clinical Evidence

Clinically focused research on ways to improve oral exposure to Withania somnifera (ashwagandha) falls into two main categories:
taking it alongside herbal enhancers, mainly piperine, and reformulating it into lipid-based delivery systems, such as phytosomes,
self-nanoemulsifying drug delivery systems, and solid lipid or niosomal carriers. Randomized, placebo-controlled human trials that
specifically included piperine show the strongest clinical results. A recent double-blind RCT involving a standardized root extract
(500 mg, 2.5% withanolides) along with 5 mg of piperine found greater reductions in anxiety and depression scores compared to
placebo. The authors suggest this improvement is due to greater availability of active withanolides when combined with a metabolic
enhancer [41]. Complementary clinical pharmacology work has focused on developing validated assays and performing human
pharmacokinetic (PK) studies to quantify withanolides in plasma; these methods have enabled crossover PK trials and
bioequivalence work showing that formulation and extract chemotype materially influence AUC and Cmax in healthy volunteers
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[42]. A 2025 randomized crossover bioavailability study comparing proprietary high-withanolide formulations to reference extracts
reported substantially higher AUC and Cmax for the enhanced product, underscoring that formulation choices including extract
standardization and excipient selection drive human exposure even before invoking lipid carriers [43]. Most direct data on lipid-
based carriers is still preclinical or only includes early human PK/formulation bridging studies. In vitro and animal research
consistently shows that phospholipid complexes (phytosomes), SNEDDS, and solid-lipid or niosomal systems improve dissolution,
intestinal permeation, and systemic levels of key withanolides. This strongly supports the biological possibility of clinical
translation. However, few large, independent outcome trials compare lipid-based formulations to conventional extracts [44].
Important practical considerations for future clinical work include mandatory reporting of withanolide content and assay methods.
There should be a use of standardized PK endpoints, like AUC, Cmax, and Tmax for specific withanolides. It's also necessary to
conduct randomized crossover designs that compare the same extract with and without a bioenhancer or lipid carrier. Thorough
monitoring for drug interactions and safety is essential, especially when using metabolic inhibitors like piperine. These studies
should measure whether increased exposure leads to clinical benefits or changes in safety margins. Piperine affects metabolizing
enzymes and transporters, which raises potential interaction risks with other medications. Overall, developing reliable
“bioavailability-enhanced” ashwagandha products for therapeutic use requires head-to-head PK studies and well-designed clinical
outcome trials. These trials should connect formulation improvements to real clinical benefits [42].

Challenges of enhancing the Oral Bioavailability of Withania Somnifera

Enhancing the oral bioavailability of Withania somnifera faces a cluster of interrelated scientific and practical challenges that slow
clinical translation; foremost among these is the intrinsic physicochemical profile of its active constituents, the withanolides, which
are often poorly water soluble and chemically diverse, limiting dissolution in the gastrointestinal tract and producing variable
absorption [45]. Compounding poor solubility, several withanolides undergo significant first-pass metabolism and rapid clearance,
so even when intestinal uptake occurs systemic exposure can remain low and short lived a pattern borne out in targeted
pharmacokinetic studies [46]. The complexity of W. somnifera extracts themselves creates another barrier: multiple withanolides
and glycosides have differing absorption and metabolic fates, and commercial products show wide batch-to-batch variability in
composition, which makes it hard to predict or reproduce pharmacokinetics across formulations and studies [47]. Analytical
challenges add a further layer of difficulty because reliable quantification of many structurally similar withanolides in plasma
requires sensitive, validated LC-MS methods and careful isomer separation methods that have only recently been standardized and
are still not universally applied in human trials [48]. On the formulation side, although nanotechnology approaches, lipid carriers,
phytosomes, and solid lipid nanoparticles can improve solubility and protect compounds from degradation or early metabolism,
these systems introduce new hurdles: formulation stability, scale-up reproducibility, regulatory uncertainty, and unclear long-term
safety profiles when used for prolonged human consumption [45]. Safety and interaction concerns are particularly important when
bioenhancers such as piperine are used; while these agents can boost absorption by inhibiting metabolic enzymes and efflux
transporters, they also risk altering the metabolism of co-administered drugs or producing unanticipated pharmacodynamic effects,
necessitating careful drug—drug interaction studies [49]. Translational issues loom large because many promising gains in cell or
animal models fail to scale to humans due to species differences in metabolism, transporter expression, and gut physiology, so there
is an urgent need for well-designed human pharmacokinetic studies that link plasma exposure to clinical endpoints. Finally,
regulatory and commercial obstacles inconsistent extract standardization, limited intellectual property incentives for traditional
botanicals, and the high cost of clinical development for novel delivery systems slow investment and large-scale trials, leaving a
gap between promising laboratory methods and approved, reliable products for patients. Taken together, these scientific,
methodological, safety, and regulatory challenges explain why improving W. somnifera bioavailability remains an active,
multidisciplinary problem that requires harmonized analytical standards, cautious safety testing, and rigorous human pharmacology
to move forward [48].

Future Direction

Future research to improve the bioavailability of Withania somnifera should bring together modern formulation science and detailed
pharmacokinetic studies to better understand how its active compounds are absorbed and used in the body. Nanotechnology-based
carriers such as lipid nanoparticles, nanoemulsions, and liposomes look promising for increasing solubility and intestinal absorption,
though more clinical data and safety studies are needed before they can be widely adopted [26]. Formulation strategies like
phytosomes and solid lipid carriers could also help protect withanolides from early metabolism and allow for more controlled,
sustained release [12]. Another important direction is combining W. somnifera with natural bioenhancers like piperine, curcumin,
or quercetin, which can slow down metabolic breakdown and improve systemic absorption, though standardizing doses and
evaluating long-term safety remain key [27]. Future studies should include well-designed human pharmacokinetic trials using
validated analytical tools to connect blood levels of active compounds with clinical outcomes. Using metabolomics and multi-omics
approaches can also reveal new insights into absorption and metabolism. Consistent standardization of extracts and the use of
predictive in vitro and computational models will help create more reliable formulations. Ultimately, collaboration among
researchers, formulation experts, and clinicians will be essential to move laboratory findings into real therapeutic products. Stronger
regulatory frameworks and ongoing safety monitoring will ensure that future Withania somnifera formulations not only achieve
better bioavailability but also maintain quality and safety for long-term human use.
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CONCLUSION

In conclusion, improving the bioavailability of Withania somnifera using natural bioenhancers is a simple yet powerful way to
boost its overall benefits. The herb is rich in active compounds like withanolides, withaferin A, and withanone, but their effects are
often limited because they don’t dissolve well and get metabolized too quickly in the body. Bioenhancers such as piperine, curcumin,
Quercetin, help fix this by increasing absorption, slowing down metabolism, and making the active parts more available to cells.
For instance, piperine improves intestinal permeability and prevents the fast breakdown of withanolides, while curcumin and
quercetin act as antioxidants and help maintain better absorption over time. These combinations not only improve how the body
uses Withania somnifera but also make its actions like anti-inflammatory and stress-relieving effects stronger. Using such natural
enhancers also means smaller doses can work better, which lowers the risk of side effects and helps people stay consistent with use.
Still, to get the best and safest results, researchers need to fine-tune formulations, dosage, and clinical testing. Overall, adding
bioenhancers to Withania somnifera products is a smart and natural step forward that connects traditional Ayurvedic wisdom with
modern science, even though there’s still some work left to make it perfect.
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