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The need for efficient and long-lasting medication delivery methods has sparked interest 

in investigating greener options. The use of natural bioavailability enhancers as 

environmentally friendly substitutes in medication formulations is the main topic of this 

talk. Natural substances with promising qualities for increasing the bioavailability of 

medications come from plants, herbs, and essential oils. These substances improve 

solubility, permeability, and stability, which helps to improve the effectiveness of 

medication delivery. This lecture demonstrates how natural bioavailability enhancers 

have the potential to completely transform drug formulation techniques through an 

extensive analysis of the literature and case studies. The explores the use of natural 

bioavailability enhancers, derived from plants, herbs, and essential oils, as 

environmentally friendly substitutes in medication formulations. It highlights their 

potential to enhance solubility, permeability, and stability, and their environmental 

benefits, promoting sustainability in the medical field. It also addresses the 

environmental advantages of using natural substances in pharmaceutical goods, 

encouraging sustainability in the medical field 
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INTRODUCTION 

In the pursuit of sustainable and effective drug 

delivery strategies, the pharmaceutical industry is 

increasingly turning towards natural 

bioavailability enhancers as green alternatives [1]. 

Bioavailability, a critical parameter in drug 

formulation, refers to the fraction of an 

administered dose of drug that reaches systemic 

circulation [2].  Challenges such as poor solubility, 

low permeability, and degradation in the 

gastrointestinal tract often limit the bioavailability 

of orally administered drugs [3]. Traditional 

approaches to enhance bioavailability involve 

chemical modifications or formulation techniques 

that may carry environmental implications [4]. 

However, natural compounds derived from plants, 

https://www.ijpsjournal.com/
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herbs, and essential oils offer promising solutions 

with minimal ecological footprint. Drug 

facilitators known as "bioavailability enhancers" 

are molecules that, when taken together, increase 

the activity of drug molecules in a variety of ways. 

These include increasing the drug's bioavailability 

across membranes, potentiating the drug molecule 

through conformational interactions, acting as 

drug molecules' receptors, and increasing target 

cells' receptivity to drugs. When a medicine is 

coupled with another, an agent known as a 

"bioenhancer" might increase the drug's 

bioavailability and bioefficacy without having any 

usual pharmacological activity of its own at the 

dose being used. These functional excipients, 

which are added to formulations to increase the 

absorption of pharmacologically active drugs, are 

also known as "absorption enhancers." This poster 

presentation aims to explore the potential of 

natural bioavailability enhancers in drug 

formulation, emphasizing their role in promoting 

sustainability within the pharmaceutical industry. 

By enhancing the solubility, permeability, and 

stability of drugs, these natural compounds 

contribute to improved drug delivery efficiency.  

Through a comprehensive review of the literature, 

we will elucidate the mechanisms of action and 

therapeutic benefits of various natural 

bioavailability enhancers. Furthermore, we will 

discuss the ecological advantages of incorporating 

these green solutions into pharmaceutical 

formulations, highlighting their potential to 

minimize environmental impact. 

Concept and History 

The concept of ‘bioavailability enhancers’ is 

derived from the traditional age old system of 

Ayurveda (science of life). In Ayurveda, black 

pepper, long pepper and ginger are collectively 

known as “Trikatu”. In sanskrit “Trikatu” means 

three acrids. The action of bioenhancers was first 

documented by Bose (1929) who described the 

action of long pepper to Adhatoda vasika leaves 

increased the antiasthamatic properties of 

Adhatoda vasika leaves. ‘Bioavailability 

enhancers’ are drug facilitators, they are the 

molecules which by themselves do not show 

typical drug activity but when used in combination 

they enhance the activity of drug molecule in 

several ways including increasing bioavailability 

of the drug across the membrane, potentiating the 

drug molecule by conformational interaction, 

acting as receptors for drug molecule and making 

target cells more receptive to drugs.  

The term ‘bioavailability enhancer’ was first 

coined by Indian scientists at the Regional 

Research Laboratory, Jammu (RRL, now known 

as Indian Institute of Integrative Medicine, 

Jammu), who discovered and scientifically 

validated piperine as the world’s first 

bioavailability enhancer in 1979[5]. 

Need for Bioavailability Enhancers 

Lipid solubility and molecular size are the major 

limiting factors for molecules to pass the 

biological membrane and to be absorbed 

systematically following oral or topical 

administration. Several molecules, despite having 

excellent bioactivity in vitro demonstrate less or 

no in vivo actions due to their poor lipid solubility 

or improper molecular size or both, resulting poor 

absorption and poor bioavailability. Sometimes 

some drugs are destroyed in gastric environment 

when taken orally, Enhancers reduce the dose, 

shorten the treatment period and thus reduce drug 

resistance problems. Due to dose economy, they 

make treatment cost-effective, minimize drug 

toxicity and adverse reactions [6]. 

Methods for enhancement of bioavailability 

[10] 

Absorption of Enhancers  

Numerous substances, including bile salts, 

surfactants, fatty acids, chelating agents, 

salicylates, and polymers, are helpful at enhancing 

intestinal absorption. Trimethylated chitosan, in 

particular, causes the tight junctions to open and 
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redistributes cytoskeletal F-actin, which improves 

medication absorption through the Para cellular 

pathway. Surfactants such as bile, bile salts, and 

fatty acids improve absorption by making 

hydrophobic medications more soluble in the 

aqueous layer or by making the apical and 

basolateral membranes more fluid. Calcium 

chelators that lower the concentration of 

extracellular calcium, including ethylene glycol 

tetraacetic acid and ethylene diamine tetraacetic 

acid (EDTA), improve absorption by breaking 

down cell-to-cell connections. 

Prodrugs 

One of the most well-known examples of raising 

an agent's lipophilicity to improve a polar drug's 

absorption through prodrug approach is various 

ampicillin derivatives. 

Because it is hydrophilic, ampicillin barely 

absorbs 30–40% from the gastrointestinal tract 

(GIT). Ampicillin's carboxyl group was esterified 

to create pivampicilline, bacampicilline, and 

talampicillin, among other ampicillin derivatives. 

Dosage form and other pharmaceutical 

approaches  

Various dosage formulations such as liposomes 

and emulsions enhanced the intestinal absorption 

of insoluble drugs. Particle size reduction such as 

micronization, nanoparticular carriers, 

complexation and liquid crystalline phases also 

maximize drug absorption. [11] 

P-glycoprotein inhibitors  

P-glycoprotein inhibitors reverse P-glycoprotein-

mediated efflux in an attempt to improve the 

efficiency of drug transport across the epithelial 

membrane. P-glycoprotein inhibitors influences 

metabolism, absorption, distribution, and 

elimination of P-glycoprotein substrates in the 

process of modulating pharmacokinetics. [12] 

Mechanism of action of Bioavailability 

Enhancers 

Figure 1: Natural Bioavailability Enhancers –Mechanisms 

Table 1: Green Bioavailability Enhancers: Role of Natural compounds 

Natural 

compound 

Source Beneficial activities Experimental (Bio-

enhancing) 

Mechanism 

Piperine Piper 

longum 

Antimicrobial, 

vasodilator 

Anti T.B., Anti-leprotic, 

antibiotics, NSAIDS, 

CVS and CNS drugs 

(Rifampicin, 

Indomethacin, 

Oxytetracycline, 

carbamazepine, 

curcumin) 

Inhibition of drug 

metabolizing enzymes 

Cytochrome P450 

(CYP3A4); 

stimulation GIT 

absorption; inhibits 

cell pumps responsible 

for elimination (p-

glycoprotein) 

Quercetin Citrus fruits, 

Rue 

Antioxidant, anti-

inflammatory, anti-

Diltiazem Inhibition- P-

glycoprotein, CYP3A 

enzyme 
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tumoural, antiviral, 

antiatherosclerotic 

Genistein Genesta 

tictoria 

Phytoestrogen, 

angiogenesis 

inhibition 

Paclitaxel Inhibits-P 

glycoprotein, BCRP 

and MRP2 efflux 

function 

Naringenin Grape fruit 

Juice 

Antioxidant, blood 

lipid lowering, 

anticarcinogenic 

Paclitaxel P-glycoprotein, 

CYP3A1/2 inhibition 

Nitrile 

glycosides 

(Niziridin) 

Moringa 

oleifera 

- Rifampicin, 

tetracycline, ampicillin, 

Nallidixic acid vitamins 

Enhancement of drug 

absorption 

Luteolin Cuminum 

cyminum 

Antidiarrheal, 

galactogogue 

Number of drugs P-glycoprotein 

Inhibitor 

Ginger Zingiber 

officinalis 

 Azithromycin, 

Erythromycin, 

Cephalexin, Cefadroxil, 

Amoxycillin, 

Cloxacillin 

Regulates intestinal 

functions facilitate 

absorption 

Lysergol Ipomea 

violacea 

 Antibiotics Increases killing 

potential of antibiotics 

Allicin Allium 

sativum 

Lipid lowering 

activity, antimicobial 

Amphotericin B Enhanced fungicidal 

activity 

Aloe vera gel, 

and extract 

 Antiviral, wound 

healing, Antiviral 

Vitamin C and E Slows absorption, 

vitamins lasts longer in 

plasma 

Drug Delivery Systems as Bioavailability 

enhancers 

The available lipids for enhancing bioavailability 

are liposomes, microspheres, nanoparticles, 

transferosomes, ethosomes, 

nanoemulsions/microemulsions, lipid based 

systems, polymeric micelle formulation and other 

novel vesicular herbal formulation (Fig.2; Table 2) 

[7]. 

  

Figure 2: Novel Drug Delivery systems 

Table 2: Novel Drug delivery system of herbal actives as Bio-enhancers 

Formulation Active ingredient Category Advantage Development 

technique 
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Liposome 

Catechin 

Catechin Antioxidant, 

antiobesity, anti- 

inflammatory, 

antidiabetic 

Improved 

Bioavailability. 

Reverse 

phase 

evaporation 

Liposome Artemisia 

arborescens 

Artemisia 

arborescens 

into cytoplasmic barrier, 

antiviral 

Targeting of 

essential oils to cells, 

enhance penetration 

into 

the cytoplasmic 

barrier 

Film method and 

sonication 

Capsaicin 

transferosome 

Capsaicin Analgesic Good topical 

absorption 

High shear 

dispersion 

Curcumin 

transferosome 

gel 

Curcumin Anti-psoriatic Improvement 

in skin 

penetration 

De-solvation 

method 

Cynara scolymus 

microspheres 

Cynara scolymus nutraceuticals Controlled release of 

nutraceuticals 

Spray drying 

technique 

Zedoary oil 

microspheres 

Zedoary 

 

Hepatoprotective 

 

Sustained 

release and 

higher 

bioavailability 

emulsion 

solvent 

diffusion 

method 

Taxol-loaded 

nanoparticles 

Taxol Anticancer Enhances the 

bioavailability 

and sustained 

drug release 

Emulsion 

solvent 

evaporation 

method 

Radix Salvia 

miltiorrhiza 

nanoparticles 

Radix Salvia Coronary heart diseases, 

angina pectoris and 

myocardial 

infraction 

Improves the 

bioavailability 

Spray drying 

technique 

Amlodipine 

besyalte with 

olive oil 

transdermal 

patch 

Amlodipine 

besyalte 

Calcium channel 

blocker 

Better release 

of drug. 

Solvent 

casting 

method 

Indomethacin 

with patchouli 

oil transdermal 

patch 

Indomethacin Anti-inflammatory Increase in the 

concentration 

of patchouli oil 

enhances the 

penetration. 

Solvent 

evaporation 

technique 

Opioid 

analgesic and 

aloe nasal spray 

Opioid 

analgesic and 

aloe 

Antihistamine Increase in 

nasal 

decongestant 

activity 

 

Nasal delivery 

of raloxifene 

hydrochloride 

Raloxifene 

hydrochloride 

Osteoporosis Increased 

penetration in 

the nasal 

solvent 

evaporation 

technique 

   bovine mucosa  

Galactagogue 

extract 

microcapsule 

Galactagogue Nutraceutical Increase in 

stability 

ionotropic 

gelation and 

Box-Behnken 

design 
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Propolis 

microcapsule 

Propolis Nutraceutical Increase in 

encapsulation, 

increase in 

antioxidant 

activity 

complex co- 

acervation 

Method. 

Phyllanthin 

SEDDS 

Phyllanthin Hepatoprotective, 

anti- 

hyperuricemic 

activity in animal 

Increased 

systemic 

availability 

High 

pressure 

homogenizer 

method 

Isoliquiritigenin 

SEDDS 

Isoliquiritigenin Anti-asthmatic Improved 

bioavailability, 

improved 

asthmatic 

effect 

High- 

pressure 

homogenizer 

method 

CONCLUSION 

Drug delivery advancement is a never-ending area 

of research. Limitation of the absorption and 

bioavailability restrict the application of various 

drug molecules with significant therapeutic 

potential. This limited use of drugs with low 

bioavailability ultimately results in a rise in burden 

on healthcare for new drug development. This 

problem of limited bioavailability of drugs 

provides great opportunity for researchers to work 

on various bioavailability enhancement 

mechanisms, including herbal bioenhancers. 

Bioenhancers from natural origin have various 

advantages of ease and economic availability, 

lesser side effects, maximum efficacy, and many 

more. Currently, Bioenhancers are delivered in the 

form of various novel and Nano-carriers. 

According to the insight, SLICE news report, 

herbal medicine market is expected to reach 50 

billion US dollars by 2030. The demand for herbal 

medication and ingredients is increasing across the 

globe, showing their importance. The use of 

natural resources is due to their easy availability. 

Bioenhancers of natural origin will be the 

substances with incredible significance as they can 

bring multiple drugs back into the action by 

improving their pharmacokinetics. 
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