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Abstract

Bioenhancers are natural substances that significantly improve the absorption, bioavailability, and
therapeutic efficacy of drugs when co-administered, without showing notable pharmacological activity
of their own. In herbal medicine, the concept of bioenhancement has received growing attention as
many phytoconstituents exhibit low oral bioavailability due to poor solubility, limited permeability, and
extensive first-pass metabolism. The traditional Ayurvedic system first introduced this concept through
the discovery of Piperine, the active alkaloid from Piper nigrum and Piper longum, which enhances the
bioavailability of several herbal and synthetic drugs such as curcumin, resveratrol, and rifampicin.
Bioenhancers function through diverse mechanisms including inhibition of drug-metabolizing enzymes
(such as CYP450), stimulation of gastrointestinal blood flow, modulation of intestinal membrane
dynamics, and suppression of efflux transporters like P-glycoprotein. Several naturally occurring
bioenhancers, including piperine, gingerol, quercetin, allicin, naringin, and glycyrrhizin, have been
widely studied for their synergistic effects with herbal drugs. The inclusion of these compounds in
herbal formulations not only reduces the required therapeutic dose but also minimizes side effects and
enhances patient compliance. Current research focuses on exploring novel bioenhancers from
medicinal plants, developing advanced drug delivery systems, and understanding molecular
interactions responsible for enhanced pharmacokinetics. The use of bioenhancers thus represents a
promising approach to overcome the limitations of herbal therapeutics, making traditional medicines
more potent, effective, and scientifically validated.
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INTRODUCTION
Ultramodern drug is always looking for new chemical composites that can treat conditions in better
ways. One major thing is to make treatments more affordable, especially by lowering the quantum of
drug (lozenge) demanded. This can be done by
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As aresult, a lot of the drug goes to waste and does not reach the part of the body where it is demanded.
The leftover medicines stay in the body or are released into the terrain. This creates pressure that helps
medicine-resistant bacteria grow. It also causes side goods, illness, and can indeed dock a person’s life.
One result is to use two medicines together (combination remedy), which is called mutualism. But if both
medicines are antibiotics, this can still beget resistance and toxin. So, there is a need for special coadjutor
motes called bioenhancers. These are not antibiotics themselves, but they help the main medicine work
more. They do not beget resistance and are safer. A good bioenhancer should:

o Be safe for humans and creatures,

e Work well indeed in small quantities,

e Be easy to make into drug.

Help the body absorb and use the main medicine more [2]. By using bioenhancers, we can reduce the
quantum of antibiotics demanded, make treatments more effective, and decelerate down resistance
development. An herbal bioenhancer is a natural substance from shops that helps increase the
effectiveness and immersion of a medicine or nutrient, without having its own direct medical effect. For
illustration, in the 1920s, it was discovered that an Ayurvedic remedy for asthma worked better when
taken with long pepper (Piper longum) [3]. The term bioavailability enhancer was first used by Indian
scientists in 1979, when they discovered that a natural emulsion called piperine (set up in black pepper)
could help the body absorb medicines more effectively. This idea actually comes from ancient Indian drug
(Ayurveda). A notorious herbal admixture called Trikatu, used between the 7th century BC and 6th
century announcement, is made of black pepper, long pepper, and gusto. It contains piperine, which helps
ameliorate the immersion of medicines, nutrients, and vitamins [4].

WHAT IS BIOENHANCER

Bioavailability refers to how important a medicine enters the bloodstream and reaches the point
where it is demanded to work. Intravenous (IV) medicines have the loftiest bioavailability, as they go
directly into the bloodstream. Still, when taken orally, the medicine is incompletely absorbed and may
be broken down by the liver before reaching the bloodstream, reducing its bioavailability. A
bioenhancer is a substance that can increase the bioavailability of a medicine, making it more effective.
For illustration, piperine, a emulsion set up in black pepper, is known to enhance the bioavailability of
medicines. It was first studied and validated by Indian scientists in 1979 and has been used in traditional
Ayurvedic drug, especially in a mix called Trikatu (which also includes long pepper and gusto) [5].

Using bioenhancers can have several benefits, similar as:
e Lowering the needed cure of a medicine.

Reducing the cost of the medicine.

Dwindling the chances of medicine resistance.
Reducing side goods or adverse responses.

Using lower raw material in medicine product.

Taxol, a medicine deduced from the Yew tree, is used to treat bone cancer, but its effectiveness can
be bettered by using bioenhancers, helping the medicine reach its target more efficiently [6].

MECHANISM OF ACTION BIOENHANCER
Bioenhancers are substances that increase the effectiveness or immersion of a medicine in the body.
They help the medicine work more and stay longer in the system. Then is how they work

Ameliorate Immersion
Bioenhancers help further of the medicine get absorbed in the stomach and bowel by perfecting blood
inflow in these areas.

Block Drug Efflux Pumps
Some proteins, like P-glycoprotein (P-gp), remove medicines from cells, reducing their effect.
Bioenhancers block these proteins, allowing further of the medicine to stay in the body and reach its target.
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Slow Down Elimination
They reduce the speed at which the medicine is removed from the body, so the medicine stays active
for a longer time.

Inhibit Medicine-Metabolizing Enzymes

Certain enzymes (like CYP3A4, CYP1Al, CYP1B2, CYP2EIl) break down medicines before they
can work. Bioenhancers block these enzymes, so the medicine stays active, especially by reducing the
first-pass effect (the breakdown of medicines in the liver and gut before reaching the bloodstream).

Reduce Order Concurrence

Bioenhancers help the medicine stay in the body by reducing how presto it is removed by the feathers.
They do this by blocking filtration and stashing in the feathers helping further of the medicine be
reabsorbed back into the bloodstream.

Reduce Stomach Acid & Ameliorate Blood Force
Some sauces may lower acid in the stomach and increase blood inflow to help with medicine
immersion.

Slow Down Digestion
They may decelerate down how fast food and medicines move through the stomach and bowel, giving
the medicine further time to be absorbed.

Cholagogue Effect
They increase corrosiveness inflow, which may help in better immersion of some medicines.

Thermogenic Effect
Some bioenhancers increase body energy use or heat products, which may help with medicine uptake.

Support Amino Acid Immersion [7, §]
How Herbal Bioenhancers Work

Herbal bioenhancers help ameliorate the effectiveness of medicines or nutrients. They do this through
several different ways. Some work by perfecting how well the body absorbs substances from the gut,
while others affect how the body processes (or breaks down) medicines. Different ways herbal
bioenhancers work include Reducing stomach acid and adding blood inflow to the digestive system.

e Decelerating digestion so that medicines have further time to be absorbed.
Changing the cell membranes in the gut to help medicines pass through more fluently.
Stimulating corrosiveness inflow, which can help with digestion and immersion.
Boosting energy use (thermogenic effect), which can impact medicine uptake.
Blocking liver enzymes that break down medicines too snappily — this helps the medicine stay
active in the body longer.
e Adding exertion of GGT enzymes, which helps the body take in amino acids (structure blocks of

protein) [9].

How Piperine Works
Piperine, a natural emulsion set up in black pepper, is a well-known herbal bioenhancer. It improves
the effectiveness of medicines in several ways. Helps medicines bind better to cell receptors and signals
within cells.
o Stops the medicine-efflux pump, a system in the body that removes medicines from cells, which
allows the medicine to stay in the cell longer.
e Increases immersion in the gut, especially by boosting amino acid transporters.
e Reduces the product of glucuronic acid in the bowel, which typically helps remove medicines
from the body [10].
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Piperine also affects the liver, where numerous medicines are broken down. Studies in rats show that
piperine blocks liver enzymes (like aryl hydrocarbon hydroxylase and UDP-glucuronyl transferase)
typically help break down medicines. This means the medicine stays active in the body for a longer
time. Another study set up that piperine lowers the quantum of glucuronic acid in the body and inhibits
the enzyme that uses this acid to break down medicines — further adding the medicine’s effect [11].

BENEFITS OF BIOENHANCER

e Lower Drug Dosage: Bioenhancers allow for a smaller amount of a drug to work more effectively,
meaning you do not need to take as much.

o Cost Reduced Drug Resistance: With the right bioenhancers, drugs are more effective, which helps
prevent education: Since less of the drug is needed, the cost of the treatment goes down. The
development of drug resistance over time.

o Fewer Side Effects: By improving how well a drug works, bioenhancers can lower the chance of
harmful side effects or adverse reactions.

o [ncreased Drug Effectiveness: Bioenhancers can make the drug work better by making sure more
of it gets absorbed into the body.

o Less Raw Material Needed: With more effective drugs, less raw material is needed to produce the
same amount of medication, which can save resource [12].

CLASSIFICATION OF BIOENHANCER
Natural Product Used as Bioavailability Enhancer: Quercetin

Quercetin is a plant pigment (flavonol) found in foods like onions, grapes, berries, cherries, broccoli,
and citrus fruits. It acts as an antioxidant and helps protect tissues from damage caused by drug toxicity.
Research shows that quercetin improves the bioavailability (absorption and effectiveness) of many
drugs when taken together (Figure 1) [13].

Based on Origin

Plant Origin Animal Origin

E.g., Capsaicin, Ginger, Aloe Vera, Caraway, )
Turmeric, Peppermint Oil, Stevia, Genistein, E.g., Cow Urine

Naringin, Curcumin, Lysergol, Alicin, Glycerrhizin, (Kamdhenu ark)
Piperine, Gingerol, Capmul, Gallic Acid

Figure 1. Classification of bioenhancers [14, 15].

Key Points

e  Curcumin: Quercetin increases curcumin’s effectiveness and half-life while reducing its clearance
in the body.

e Berberine: Enhances absorption of berberine in goat intestines.

o Losartan: Boosts losartan levels (Cmax and AUC) and reduces its metabolite EXP3174, by
inhibiting P-gp and CYP450 enzymes.

e Cefprozil: No major effect when used with quercetin.

e Gentamicin: Quercetin protects against oxidative stress without reducing gentamicin’s antibacterial effect.

e Midazolam: Single dose of quercetin is safe, but repeated doses may speed up midazolam
metabolism via CYP3A.
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o Glimepiride: Co-use increases blood levels and glucose-lowering effect in diabetic rats.

® Ranolazine: Increases absorption by inhibiting P-gp and CYP3A4.

Clopidogrel: Raises its active metabolite levels when used with quercetin.

EGCG (Green Tea): Quercetin enhances its absorption.

Tamoxifen: Boosts its bioavailability by reducing first-pass metabolism and promoting absorption.

Saquinavir: Quercetin increases its blood levels by blocking P-gp.

e Diltiazem: Pretreatment with quercetin increases its bioavailability, but no effect when given at the
same time [16].

Naringin

Naringin is a natural compound found mainly in grapefruit and gives the fruit its bitter taste. It belongs
to a group of plant compounds called flavonoids and has several health benefits like lowering cholesterol,
acting as an antioxidant, and helping with ulcers, allergies, and cancer. Naringin works as a bio-enhancer,
meaning it can improve the effectiveness of other drugs by increasing their absorption and staying power
in the body. It does this by affecting enzymes, like CYP3A4 and P-glycoprotein, which are involved in
drug metabolism. Studies show that when naringin is given with certain medicines, it increases their
availability in the body:

e  Efavirenz (HIV Drug): Naringin increases its absorption and effectiveness.

e Quinine: Naringin raises its concentration and availability after oral intake.

o Diltiazem (Heart Medicine): Its levels in the blood double with naringin.

o Verapamil (Heart Medicine): Naringin boosts its bioavailability.

o  Paclitaxel (Cancer Drug): When mixed with naringin in micelles, its uptake and anticancer effect

improve [17].

Genistein

Genistein is a natural plant compound (a phytoestrogen) found in foods like soybeans, fava beans,
kudzu, coffee, and some medicinal plants. It belongs to the isoflavone class of flavonoids and has many
health benefits.

Key Benefits & Actions of Genistein
e Improves Drug Absorption: Genistein increases the absorption of Paclitaxel (a cancer drug) by blocking
efflux proteins, like P-glycoprotein, BCRP, and MRP2, which normally pump drugs out of cells.
e Prostate cancer Treatment:
When combined with Calcitriol (Vitamin D), genistein:
o  Enhances calcitriol’s anti-cancer effect.
0 Inhibits enzymes (like CYP24 and COX-2).
o  Reduces inflammatory prostaglandins (PGE2).
o  Helps block prostate cancer cell growth.
e Bone: Health:
o Genistein, when combined with Alendronate (a bone drug), strongly inhibits bone breakdown
cells (osteoclasts) — useful in osteoporosis treatment.
e Anti-Inflammatory & Anti-Diabetic:
Genistein with Metformin (MET):
o  Reduces inflammation in muscles.
o  Lowers blood sugar, insulin levels, and weight gain in high-fat diet conditions.
o Increases anti-inflammatory markers (IL-10) and decreases harmful ones (TNF-a, IL-6, IL-1).
e Boosts chemotherapy:
o Genistein increases the effectiveness of Cisplatin and Paclitaxel, helping them stay longer in
the body and work better against cancer cells [18].
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Piperine

Piperine is a natural compound found in black pepper (Piper nigrum) and long pepper (Piper longum).
It is known for its bio-enhancing properties, meaning it helps other drugs work better by increasing their
absorption and effectiveness.

Key Benefits & Effects of Piperine
e Improves Drug Absorption:
o When oxytetracycline was given with Piper longum in hens, the drug stayed longer in the body
and had higher levels in the blood.
0 Metronidazole combined with piperine showed increased blood concentration, higher AUC,
and better bioavailability.
e Pain Relief:
o Piper nigrum extract improved the pain-relieving effects of drugs like pentazocine and
diclofenac in mice.
e Cancer Treatment Support:
o A compound from Piper nigrum (1-piperoylpiperidine) helped improve survival in mice with
lymphoma when used with special liposomes (fat-based drug carriers).
o When quercetin was added to liposomes, they became more effective at killing cancer cells
(HT-29 and HCT-15).
e Boosts Curcumin Absorption:
0 Curcumin (from turmeric) has poor natural absorption.
o Using solid lipid nanoparticles (SLNs) with PEG emulsifiers improved its absorption over 12-
fold in rats.
o Other nanotech methods (like micelles, liposomes, nano-gels, etc.) also improve curcumin’s
bioavailability by enhancing absorption and reducing elimination [19].

Aloe Vera

Its dried juice that has been uprooted through a gash from the bases of the leaves family Liliaceae —
aloe species, including Aloe perryi, Aloe vera or Aloe barbadensis, and Aloe ferox. There are two
indispensable ways to prepare A. Vera, whole splint excerpt, and gel-filled innards, and both of these
styles show enhanced immersion of both Vitamins C and E. A. Vera was linked by several exploration
as an incredibly implicit unborn nutritive herbal memoir enhancer.57 The efficacity of aloe
results(whole splint excerpt or inner fillet gel) on human’s capacity to absorb vitamins C and E and
observed that aloe gel raises situations of tube ascorbate and tube tocopherol for both vitamins. Aloes
ameliorate the immersion of vitamins C and E, and also increase their immersion.58 For the
gastroesophageal influx symptoms Aloe vera and pantoprazole in mustard gas victims due to its
cytoprotective goods on gastric mucosa through induction of endogenous prostaglandin product, and
suggested an enhancement in GERD symptoms in (SM)-exposed subjects.59 Aloe vera was uprooted
using ethanol and increased the hypoglycemic goods of glipizide in streptozotocin-convinced diabetic
rats.60 The bioavailability of vitamins C and B(12) in healthy mortal levies using two different Aloe
vera medications aloeleaf gel (AG) and aloe whole splint snowed gel(AL), and a placebo. AG greatly
increased tube oxygen radical absorbance capacity (ORAC) when combined with vitamins C and B
(12). Tube vitamin C and B12 were mainly raised by AG. Also, both aloes raised serum quantities of
vitamin B (12). Because of their safety and tolerability, AG and AL phrasings increase the
bioavailability of vitamins C and B (12) and their antioxidant implicit.61 streptozotocin (STZ)-
convinced diabetic rats, shown anti-hyperlipidemic efficacity of the ethanolic excerpt [20]. Gusto is a
common Indian spice made from the dried root(rhizome) of the gusto factory. It is used to help with
digestion, reduce gas, and is also used on the skin as a warming agent.

Zingiber Officinale (Gusto)
e Contains active composites like gingerols, shogaols, and unpredictable canvases.
e Helps ameliorate immersion of nutrients and drugs in the stomach.
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When used with medicines, like atazanavir, piperine, and antibiotics (azithromycin, amoxicillin,
etc.), gusto increases their bioavailability (helps the body absorb them better).
Ginger also increases the effect of medicines like rifampicin, 5-fluorouracil, and ketoconazole [21].

Nitrile Glycoside (from Moringa oleifera)
These are composites set up in Moringa capsules (forelimb factory).

Alone, they do not act as medicines but help other medicines work more.

Ameliorate immersion of antibiotics like ampicillin, rifampicin, and tetracycline.

A special emulsion called niaziridin boosts the effect of these antibiotics and helps vitamins and
nutrients absorb better.

Can reduce medicine side goods, treatment cost, and time.

Moringa also contains composites that may help the vulnerable system and cover against
excrescences [22].

Lysergol (from Morning Glory Shops)
Lysergol is a natural emulsion set up in seeds of shops like [pomoea violacea and Rivea corymbosa
(morning glory family).

It helps increase blood inflow and improves medicine immersion.

Boosts the effect of broad-diapason antibiotics and other medicines.

Increases the bioavailability of berberine (a factory-grounded emulsion used in drug) by helping
it stay longer in the blood.

workshop by conceivably blocking metabolism or perfecting transport of medicines across body
cells [23].

ADVANTAGES OF USING BIOENHANCERS IN COMBINATION THERAPY
Using bioenhancers along with drugs has numerous benefits. These include:

More Effectiveness Bioenhancers help the body absorb drugs more, so the medicine works more
effectively.

Lower Lozenge demanded Because the drug becomes more effective, lower boluses are
demanded. This also helps reduce the chance of the body getting resistant to the medicine.
Smaller Side goods Since a lower cure is enough, there are smaller chances of side goods or
dangerous responses. This is especially helpful for strong medicines, like those used in cancer
treatment, similar as Taxol.

Environmental Benefits Taxol, used to treat cancers, like ovarian and bone cancer, comes from
the dinghy of the Pacific yew tree, which grows veritably sluggishly. To treat one case, several
old trees need to be cut down. With bioenhancers, lower quantities of Taxol are demanded, so
smaller trees must be destroyed.

More harmonious Results Bioenhancers can reduce differences in how people’s bodies absorb
medicines, both between different people and in the same person at different times. This helps
make the treatment more dependable [24, 25].

Disadvantages of Bioenhancers in Boosters
Unwanted Medicine Relations
Bioenhancers can affect the immersion of other drugs taken at the same time, leading to unanticipated goods.

Overdose Threat
Because bioenhancers increase medicine immersion, there is a threat of too important drug entering
the body, especially if not cured rightly.

Not Specific to One Medicine
Some bioenhancers may enhance the immersion of multiple medicines (not just the target medicine),
which can be dangerous.
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Antipathetic Responses or Side Goods
Bioenhancers themselves may beget side goods or antipathetic responses in some people.

Variability in Response
Although bioenhancers reduce variability in numerous cases, in some individualities, they may still
not work effectively due to inheritable or metabolic differences.

Cost and expression Challenges
Developing combination phrasings with bioenhancers can be complex and more precious.

EXPLORATION DOCKET WITH HERBAL MEDICINE-POOR BIOAVAILABILITY
ISSUES AND COMPASS FOR BIOENHANCERS

There is a huge demand for both experimental and clinical exploration to validate the implicit herbals,
especially from assiduity-independent sources, since assiduity will probably not support necessary
exploration conditioning due to (putatively) low profit prospects [26]. Sound introductory exploration
on and controlled clinical studies with certain herbals and especially their active constituents in habitual
conditions From the studies and clinical trials conducted till date on herbal medicines, most important
docket is that the herbal medicines suffer from poor bioavailability issues within the body like low
natural exertion, poor immersion, high rate of metabolism, inactivity of metabolic products and/or
rapid-fire elimination and concurrence from the body. Thus, studies to date have suggested a strong
natural exertion and, hence, efficacity of certain herbal medicines, like curcumin, berberine hydrochloride,
silymarin, resveratol, quercetin, as remedial agents for colorful affections and contemporaneously,
problems related to immersion, distribution, metabolism and excretion of these like poor solubility,
poor immersion, low serum situations, short half-life, limited towel distribution and rapid-fire
metabolism that oppressively dock bioavailability of these herbal medicines have come into spotlight.
Moment curcumin has been extensively conceded encyclopedically as a “wonder medicine of the
future” because of its great implicit capacities to help and treat a wide diapason of habitual conditions
by flaunting anti-inflammatory, antioxidant, antimicrobial, and anticarcinogenic conditioning, hepato-
and nephro-defensive, thrombosis suppressing, defensive, myocardial hypoglycemic infarction and
antirheumatic goods. In addition, it has been proved to be remarkably safe in beast studies and in phase
I clinical trials indeed at high boluses (up to 12 g/day). Still, the major problem limiting the exploitation
of its potentially precious remedial goods is its low bioavailability. Berberine hydrochloride is a
conventional element in Chinese drug and is characterized by a diversity of pharmacological goods.
Still, due to its hydrophobic parcels, along with poor stability and bioavailability, perceptivity into
anticancer medicine medication in Chinese drug [27]. Evaporative rush of nanosuspension (EPN) was
used to fabricate nanoparticles of an inadequately water-answerable antimalarial medicine, artemisinin
(ART), with the end of enhancing its dissolution rate. Genistein has been shown to retain anticancer
conditioning in different experimental systems, yet the same goods could not be restated in the clinical
setting due to its poor bioavailability. Newer phrasings of genistein similar as diindolylmethane (BDIM)
from Bioreseponse Inc. Has shown some enhanced bioavailability. Resveratrol (3, 5, 4’-trihydroxy-
trans stilbene) is a phytoalexin produced naturally by several shops when under attack by pathogens
similar as bacteria or fungi. Resveratrol and its goods are presently a content of multitudinous beast and
mortal studies. In mouse and rat trials, anti-cancer, the operation of berberine hydrochloride was
hampered for a long time. In recent times, the pharmaceutical medication of berberine hydrochloride
has improved to achieve good prospects for clinical operation, especially for new nanoparticulate
delivery systems. Also, anticancer exertion and new mechanisms have been explored, the chance of
regulating glucose and lipid metabolism in cancer cells showing more implicit than ever. Thus, it is
anticipated that applicable pharmaceutical procedures could be applied to the enormous eventuality for
anticancer efficacity, to give some new Journal of Scientific Letters, 2016 anti-seditious, blood-sugar-
lowering and other salutary cardiovascular goods of resveratrol have been reported. Still, utmost of
these results has yet to be replicated in humans. As with other natural chemo-preventive agents,
resveratrol also has a veritably short half-life and is fleetly glucoronated and sulfonated, abetting its
rapid-fire development and excretion. Thus, experimenters concentrated on ways to enhance the

© STM Journals 2026. All Rights Reserved 8



Research & Reviews: A Journal of Drug Formulation, Development and Production
Volume 13, Issue 2
ISSN: 2394-1944

bioavailability of resveratrol by different approaches and nano grounded studies were among the major
driving force in this area. The foremost reported nano expression of resveratrol comes from a study,
where they prepared resveratrol [28].

OBSTACLES WITH BIOENHANCERS

Bioenhancers are getting veritably popular and extensively wanted in ultramodern drug. Still, there
are still numerous challenges in their exploration and development before they can be vended and used
successfully. One major problem is perfecting how the drug works in the body. Scientists need to make
sure that the drug stays in the bloodstream for a long time, is defended until it reaches the right place in
the body and is delivered exactly where it is demanded. This frequently involves changing the
medicine’s parcels and creating special delivery systems, which can be complicated. For illustration,
adding the face area of the medicine delivery system (like nanoparticles) can make it less stable and
less effective. Making these bioenhancer delivery systems on a large scale is also delicate. It is hard to
produce them in big quantities because of problems, like low quantities of nanoparticles, cementing of
patches (agglomeration), and the need to change how they are made, to suit large-scale manufacturing.
To make product lightly and more dependable, companies need to develop small test performances
(airman processes) and figure out how to gauge them up for mass product. Another big challenge is
regulation. Right now, there are no clear rules for physical and chemical parcels or how these medicines
bear in the body (pharmacokinetics). Agencies, like the US FDA and European Medicines Agency
(EMEA), have clear rules for regular medicines, but analogous guidelines for bioenhanced medicines
are still demanded. Regulatory bodies must step in to produce norms and guidelines for these new kinds
of drug [29, 30].

NATURAL BIOENHANCERS IN NOVEL DRUG DELIVERY PHRASINGS

Natural bioenhancers also have the limitations of poor solubility and bioavailability. As bandied
before in the textbook, these limitations can be overcome by formulating the active component/
bioenhancers in new medicine delivery systems. This section will concentrate simply on the part of
bioenhancers in new phrasings, banning the conversations of other expression types of bioenhancers.
There are several bioenhancers that have been formulated in liposomes, nanoparticles, transferosomes
and microspheres. It has been shown by Gade et al. (2021) that nanoparticles composed of paclitaxel,
quercetin and piperine increased the bioavailability of paclitaxel by at least three times. Ray et al. (2020)
also set guar gum-carpeted enteric nanoparticles conforming of amphotericin B and piperine and
reported that this expression could increase the anti-bacterial exertion of amphotericin B by 96 against
the sponger Leishmania. The encapsulation of isradipine with the bioenhancer rutin in solid lipid
nanoparticles enhanced the oral bioavailability of isradipine by 3.2 —4.7-fold. A calcium channel
blocker, nisoldipine, when formulated with piperine in PGLA-carpeted nanoparticles, increased the
bioavailability of the medicine. In another study by Pingale et al. (2014), some parameters of medicines
used in the treatment of tuberculosis were studied. It was reported that microspheres prepared by using
isoniazid and rifampicin had increased the bioadhesion in the presence of the bioenhancer by 20.
Bioadhesion is a vital parameter for the enhanced immersion of medicines, thereby adding their
bioavailability. The in vitro release kinetics also doubled from 45 to 90 in the presence of bioenhancers.
The bioenhancer used was hydro-alcoholic excerpts of Carum carvi and Ocimum sanctum. Also, there
are other studies that prove that the addition of a bioenhancer can affect in an incremental increase in
the bioavailability of colorful medicines formulated in nanoformulations. Cadila Pharma’s marketable
expression of the anti-tubercular medicine Risorine combination of rifampicin with piperine redounded
in a 60 increase in the bioavailability, and piperine also redounded in the lozenge reduction in rifampicin
from 450 mg to 200 mg, thereby dwindling the medicine cost, needed lozenge and toxin. Curcumin is
incorporated in several nanoformulations and it has been reported to increase the pharmacological
exertion of medicine motes. Curcumin itself exhibits hepatoprotective, anti-fibrotic and anti-neoplastic
goods through the activation and inhibition of colorful signal transduction pathways, demonstrating
good clinical efficacity and minimum adverse responses [31]. Recent exploration shows that curcumin
nanoformulations parade enhanced pharmacological action(anti-microbial) when combined with other
agents, like antibiotics, and hence the combinatorial approach can be salutary for a successful treatment
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strategy. Research reports on the objectification of bioenhancers into nanoformulation approaches new
medicine delivery systems or their combination with medicines for enhanced delivery are presently
relatively limited [32].

Clinical Studies to Assess the Safety and Effectiveness of Bioenhancers

The safety and efficacity of natural bioenhancers and the need to ameliorate the remedial effect of
medicines have led to the study of the part of bioenhancer agents in clinical trials. A recent
interventional non-randomized study estimated the administration of piperine to biopotentiate the effect
of curcumin in treating cases with advanced cervical cancer. The study involved 30 cases divided into
six groups entering different attention of curcumin (1-6 g) with piperine. The study is anticipated to
give results by 2025 (NCT06080841). Another interventional study with nine cases in phase I trial
employed piperine to enhance the effect of curcumin in early prostate cancer (NCT02598726). In a
recent ongoing, randomized, double-blindfolded interventional phase II clinical trial, 30 cases were
enrolled, where curcumin was tested for its remedial effect on myeloproliferative tumors. Piperine was
administered as a bioenhancer along with curcumin for a period of 12 months. The study is anticipated
to be completed by 2027, where primary issues will be measured with respect to changes in seditious
cytokine situations in the blood, relating it with the enhancement in symptoms. The secondary issues
of the study measure the demethylation pattern in DNA, changes in blood counts and safety/ toxin of
curcumin in cases (NCT06063486) [33]. Chemotherapy causes colorful side goods similar as oral
mucositis in cases with blood malice. In a clinical study completed in 2012, 20 cases witnessing
chemotherapy were enrolled; still, no results have been published (NCT01732393). In an ongoing study
conducted in Cairo, quercetin nanoparticles carpeted in PGLA are being tested for their efficacity in
treating scaled cell lingo melanoma (NCT05456022). In a double-blindfolded randomized trial with 32
cases, quercetin is also being estimated for its preventative effect on prostate cancer (NCT01912820).
In a triadic-blindfolded randomized interventional study, 60 cases were enrolled to study the effect of
quercetin and genistein on prostate cancer. The primary outgrowth of the study will include covering
the increase in prostate-specific antigen (PSA), while the secondary outgrowth will assess prostate
cancer prevalence and the safety/ toxin of quercetin and genistein (NCT01538316). In an intriguing
study, quercetin was used as a bioenhancer with the chemotherapeutic medicine dasatinib in the reversal
of medicine resistance in triadic-negative bone cancer. It was demonstrated in preclinical studies that a
combination of dasatinib and quercetin with chemotherapy could effectively exclude chemotherapy-
convinced ancient fibroblasts, drop the proliferation rate of circulated excrescence cells and eventually
lead to a significant reduction in metastasis and rush, thereby enhancing the efficacity of chemotherapy.
The complete results of the study are awaited (NCT06355037) [34]. In a phase I II intervention clinical
trials with cases witnessing treatment for colorectal cancer, genistein, when combined with FOLFOX-
Bevacizumab, redounded in lowering the adverse goods of chemotherapy. Cases were given a 60 mg
diurnal cure of genistein for 7 days every 2 weeks, followed by chemotherapeutic medicine. The
encouraging results of the 61 stylish overall response rate (BOR) and 11.5 months of progression-free
survival (pfs) warrant a larger verification trial (NCT01985763). In another clinical trial, the effect of
genistein was estimated in children with leukemia and solid excrescences being treated with the
chemotherapeutic medicine decitabine. The results of the study have not been published
NCT02499861) [35]. Tuberculosis intervention requires long-term remedy, which leads to colorful side
goods, specifically gastrointestinal disturbances. A randomized intervention clinical study used
Zingiber officinale, Carum carvi L. and Mentha spicata L. to palliate the goods of anti-tuberculosis
medicines on the gastric system. The study plan, with about 200 cases, was to divide them into four
groups, one group entering the placebo (100 mg/day), another group entering zingiber greasepaint (500
mg x 2/day), another entering carum greasepaint (1 g x 2/day) and another entering mentha oil painting
(1.5 mL x 2/day). The treatment was planned to be given for 3 months; still, the details of the outgrowth
are still awaited (NCT06157034). Though there are several clinical trials that have been conducted to
assess the biopotentiation of colorful medicines using natural bioenhancers, there are many that have
been completed. There has only been one retailed expression, Risorine, comprised of 10 mg of piperine,
300 mg of isoniazid and 200 mg of rifampicin, for the treatment of tuberculosis. There is a need for
further trials to arrive at a conclusive addition of natural bioenhancers in remedial medicines [36].
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FUTURE OF BIOENHANCER

The future of herbal bioenhancers looks veritably positive. As further people look for natural and
eco-friendly healthcare options, bioenhancers made from shops are getting further attention. These
herbal bioenhancers help drugs and nutrients work more in the body. Then are some possible unborn
trends and openings

Further Research
Scientists will probably do further studies to discover new herbal bioenhancers and understand how
they work and how they can help.

Use of Nutritional Products
Herbal bioenhancers may become popular in health supplements and nutraceuticals (products that
give health benefits) to help the body absorb nutrients more effectively.

Traditional Medicine Integration
Herbal bioenhancers have been used in traditional drug for numerous times. In the future, they might
come a more accepted part of regular healthcare systems.

Better Drug Development
Pharmaceutical companies may use herbal bioenhancers to make medicines more effective, which
could allow for lower boluses and smaller side goods.

Rules and Regulations
As herbal bioenhancers become more common, governments and health associations may produce
rules to ensure these products are safe and work well.

Growing Consumer Interest
Further people are choosing natural and holistic (whole-body) ways to stay healthy, which will
probably increase demand for herbal bioenhancer products.

CONCLUSION

Bioenhancers have surfaced as a promising tool to significantly enhance the efficacity, bioavailability,
and remedial issues of herbal medicines. Despite the long-standing use of herbal drug, numerous
phytoconstituents suffer from poor immersion, rapid-fire metabolism, or low permeability, which limits
their clinical effectiveness. The integration of bioenhancers similar as piperine, quercetin, curcumin, and
glycyrrhizin — has shown great eventuality in prostrating these pharmacokinetic limitations by perfecting
intestinal immersion, modulating medicine-metabolizing enzymes, and adding tube medicine attention.
The synergistic operation of bioenhancers not only reduces the needed lozenge of herbal actives but also
minimizes side goods and improves patient compliance. Likewise, the use of natural bioenhancers aligns
well with the holistic and biocompatible gospel of herbal drug, making them particularly suitable for
integrative and individualized healthcare approaches. Future exploration should concentrate on
expounding the exact mechanisms of action of colorful bioenhancers, optimizing combinations with
specific herbal medicines, and conducting well-designed clinical trials to confirm their safety and
efficacity. The rational design of herbal phrasings incorporating bioenhancers could pave the way for
coming-generation phytopharmaceuticals with enhanced remedial eventuality and global acceptance.
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