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Abstract---Poor permeability of orally administered drugs is the major 
factor limiting the bioavailability of orally administered drugs. The 
unique barrier properties of the gastro-intestinal membrane, intestinal 
and presystemic metabolism, intersubject variability also contributors 
to poor permeability and bioavailability of the drugs. Bioenhancer can 
benefit the drugs with this problem, especially BCS class III and class 
IV drugs. Different mechanisms have been established to understand 
the permeation enhancement effect of different permeation enhancers; 

their understanding can facilitate the selection of suitable absorption 
promoters for drugs having specific physicochemical properties. 
However, certain issues associated with development of absorption 
promoter technology like lack of in vitro and in vivo correlation of 
efficacy, reproducibility, and safety. Therefore instead of chemical 
permeation enhancer herbal bioenhancer is more acceptable due to 
their better safety profile. 
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Introduction  
 
Bioavailability of drugs is a complex issue because therapeutic efficacy of the drug 
depends on it. There are many reasons for low bioavailability of drugs like low 
aqueous solubility, poor intestinal membrane permeation, degradation of drug in 
gastric fluids, presystemic intestinal or hepatic metabolism. Various approaches 
have been used to increase the bioavailability of drugs like microinization, 
complexation, use of cosolvents/surfactants prodrug approach and 
microencapsulation. [1-2]  For a long time efforts were focused on the processes 
occurring in the liver and intestine on increasing the solubility and permeability 
of drugs when addressing the issue of bioavailability.  In series of various 
techniques and approaches, permeation enhancer is also used by various 
pharmaceutical companies to address this issue. Absorption enhancers are 
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functional excipients included in formulations to improve the absorption of a 
pharmacologically active drug. The term absorption enhancer usually refers to an 
agent whose function is to increase absorption by enhancing membrane 
permeation, rather than increasing solubility, so such agents are sometimes more 
specifically termed permeation enhancers. Absorption enhancers have been 
investigated for at least two decades, particularly in efforts to develop non-
injection formulations for peptides, proteins, and other pharmacologically active 
compounds that have poor membrane permeability. [2-5] 

 

Recently the approaches have been used to increase the bioavailability of drugs 
by the use of natural compounds. During the past few years a large number of 

approved new drug applications have originated from the biotechnology industry. 
Similarly, natural products have contributed nearly half of all small molecules 
approved in this decade. It may be very helpful if current drug discovery approach 
RI� ILQGLQJ� ¶QHZ� HQWLW\� GUXJV·� LV� VKLIWHG� WR� ¶FRPELQLQJ� H[LVWLQJ� DJHQWV·�� 7KHUHIRUH�
natural product drug discovery based on ethnopharmacology and traditional 
medicines may also be considered as attractive strategic option. [6] However, based 
on clues from Ayurvedic literate, a new approach of increasing the bioavailability 
of drugs including poorly bioavailable drugs had been conceptualized at RRL, 
Jammu. C.K. Atal, the Director of the institute scrutinized a list of ancient Indian 
Ayurvedic formulations used in the treatment of a wide range of diseases. He 
observed that a majority of Ayurvedic formulations contained either Trikatu or 
else one of the ingredients of Trikatu, namely Piper longum (210 formulations out 
of 370 reviewed) used in a large variety of diseases. Researcher found that mainly 

piperine act as a bioenhancer for most of the drugs used in experiments and the 
role of ginger is to regulate intestinal function to facilitate absorption. Based on 
these findings several other reputed plants were evaluated for 
bioavailability/bioefficacy or bioenhancing activity. [7] Bioenhancers are molecules, 
which do not possess drug activity of their own at the dose used but promote and 
augment the biological activity or bioavailability or the uptake of drugs in 
combination therapy. This review paper compared the some aspects of the oral 
permeation enhancer and bioenhancer. 
 
Need of a bioavailability enhancer  

 

It is estimated that globally humans consume about 250 million doses of 

antibiotics annually and 20 -50% of that use is unnecessary depending on the 
class of antibiotics. Further, widespread use of antibiotics promotes spread of 
antibiotic resistance many a times leading to multiple drug resistance. The total 
amount of drug/antibiotic given for the treatment of any disease is much higher 
than what is actually required. More ever many therapeutic treatments are also 
accompanied by loss of essential neutraceuticals in the course of therapy.  This is 
so because all drug/antibiotic given to the patient in a therapy does not reach the 
target site. This may due to lower absorption, instability, restrictive uptake by 
microbes, or due to operation of efflux pump. Thus, large portion of drug we apply 
are wasted and only a miniscule percentage of drug reach at desired site. But 
even worse part is that the unutilized drug/antibiotic remains as a load in the 
body and environment. This is then act as a selection pressure, facilitating 
emergence of drug resistance in parasites which may lead to the failure of 
antibiotics against resistant infections. Additionally such a situation leads to side 
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effects, illness and reduction in life expectancy being more acute in older 
population. One of the ways that has been feasible to reduce drug doses is the 
occurrence of synergism between different therapeutics agents. However, even in 
such a situation if both the molecules have antibiotic property, the problem of 
continued selection pressure on microbes is still likely to continue. Therefore, 
there the need is for a molecules, which by themselves are not microbicidal but 
when present with a drug or active molecule, enhance its activity or bioavailability 
of the drug so the bioenhancer or paracellular permeability enhancer or better 
choice to reduce time and cost for new drug discovery. Following the use of 
bioavailability enhancers, the dose of the drug is reduced and risk of drug 
resistance is minimized. It also reduces the dose-dependent toxicity of the drug, 

especially of anticancer drugs. [9-10] 

 

Herbal Bioenhancer ² An alternative  

 
The term bioavailability enhancer was first coined by Indian scientists C.K. Atal, 
the Director of the Regional Research laboratory, Jammu, who discovered and 
VFLHQWLILFDOO\� YDOLGDWHG� 3LSHULQH� DV� WKH� ZRUOG·V� ILUVW� ELRDYDLODELOLW\� HQKDQFHU� LQ�
1979. Natural products especially from plant sources have played an important 
role in drug development for treatment of communicable diseases. Either the 
isolated plant biomolecules or its semi synthetic derivatives have provided useful 
FOXHV�LQ�WKH�SURGXFWLRQ�RI�PHGLFLQHV��$FFRUGLQJ�WR�:+2�QHDUO\�����RI�WKH�ZRUOG·V�
population relies on herbal medicines as primary health care. Bioenhancers are 

molecules, which do not possess drug activity of their own at the dose used but 
promote and augment the biological activity or bioavailability or the uptake of 
drugs in combination therapy. [10-12] 

 
Advantages of bioenhancer 

 

There are various advantages of using bioenhancer in combination therapy. These 
are follows ² 
 

x Efficacy of drug is increase due to increase in bioavailability.  

x Combination of bioenhancer with drug reduces the dosage and dangers of 
drug resistance can be minimized.  

x Adverse drug reaction/side effect and toxicity of drug will be minimized 

because of reduced dosage.  This is especially true of anticancer drugs like 
Taxol.  

x There are ecological benefits too eg. Toxol used to treat ovarian cancer or 
breast cancer is derived from bark of Pacific yew tree, one of the slowest 
growing trees in the world.  At present to treat one patient, six trees, 25-100 
years old need to be felled with ibioenhancers fewer trees will be destroyed. 

x They can reduce inter-individual variability as well as intra-individual 
variability as they increase the bioavailability of drug. 

x So another desired effect of an absorption enhancing formulation would be 
a reduction of intersubject variability. [13-14] 
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Table 1 
List of herbal bioenhancers[15-30] 

 

S NO Bioenhancer Drug/Molecule Reference 

1.  Aloe vera Vitamin C & E Vinson JAH 2005 

2.  Zingiber officinale Azithromycin Erythromycin 
Cephalexin  Cephodroxil 
Amoxycillin Cloxacilin 

US Patent No 
US2003/0170326A1 

3.  Carum carvi  US Patent No 
US20030228381A1 

4.  Cuminium 

cyminum 

Erytrhomycin  Cephalexin  

Amoxycillin Fluconzole  
Ketoconzole Zidivudine 
5-Fluorouracil  

US Patent No 

US007514105B2 

5.  Quercetin  
 

diltiazem  
digoxin, 
epigallocatechin gallate  

Choi and Li, 2005 
Dupuy et al., 2003 
Anup et al., 2005 

6.  Genistein Paclitaxel Li X et al., 2007 

7.  Naringin Paclitaxel Lim SC et al., 2006 

8.  Sinomenine Paeoniflorin Liu ZQ et al., 2005 

9.  Berberine Digoxin Qiu W et al., 2009 

10.  Glycyrrhetinic 
acid 

calcitionin  Imai et al., 1999 

11.  Papain Heparin Grabovac Vjera et al., 2007 

12.  Glycyrrhizin  
 

rifampicin, tetracycline, 
nalidixic acid, ampicillin 
 vitamin B1 and B2  

Teruko Imai et al., 1999 

13.  Niaziridin 
 

rifampicin, ampicillin and 
nalidixic acid  

US Patent No 
US006858588B2 

14.  Lysergol (Rivea 
corymbosa) 

Antibiotics US Patent No 
20070060604A1 

15.  Stevia rebaudiana antibiotics, antidiabetic 
drugs, antifungal drugs, 
antiviral drugs, anticancer 
drugs, cardiovascular drugs, 
anti-inflammatory, 
antiarthritic agents, 
antituberculosis/ 
antileprosy drugs,  

(Gokaraju et al., 2010). 

16.  Allicin Amphotericin B (Ogita A et al., 2006)  

17.  Strawberry extract Tenofovir Disoproxil DMD 28:1394²1396, 2000 

 
Table 2 

Mechanisms of action of herbal bioenhancers/Piperine [31-40] 

 

Mechanisms of action  References  

Bioenergetic properties  Reanmongkol et al. (1988), 

Jamwal and Singh (1993)  

Increases gastrointestinal blood supply and reduces Annamalai and Manavalan 
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hydrochloric acid secretion  (1990)  

6WLPXODWLRQ� RI� Ä-glutamyl transpeptidase (GGT) activity 
which enhances uptake of amino acids  

Johri et al. (1992)  

Cholagogous effect  Majeed et al. (1996)  

Thermogenic and bioenergetics properties  Majeed et al. (1996)  

Inhibition of gastric emptying time, gastrointestinal transit  Bajad et al. (2001a)  

Inhibition of drug metabolizing enzymes and suppression 
of first pass metabolism  

Atal et al. (1985), Reen et al. 
(1993), Bhardwaj et al. (2002)  

Modifications in GIT epithelial cell membrane permeability  Khajuria et al. (2002)  

 

Table 3  
Drug metabolizing enzymes inhibited by bioenhancer/piperine [35-40] 

 

Drug metabolizing enzymes  References  

Arylhydrocarbon Hydroxylase (AHH)  Atal et al. (1985), Singh et al. (1986)  

Uridine Diphosphate (UDP) Glucuronyl Transferase  Atal et al. (1985), Singh et al. (1986)  

Ethylmorphine-N-demethylase  Atal et al. (1985), Singh et al. (1986)  

7-ethoxycoumarin-O-deethylase  Atal et al. (1985), Singh et al. (1986)  

3-hydroxy-benzo(a)pyrene glucuronidation  Atal et al. (1985), Singh et al. (1986)  

UDP-Glucose Dehydrogenase (UDP-GDH)  Reen et al. (1993)  

5-lipoxygenase  Stohr et al. (2001)  

Cyclooxygenase-1  Stohr et al. (2001)  

Cytochrome P450  Atal et al. (1985), Singh et al. (1986), 
Bhardwaj et al. (2002  

 
Table 4 

Nutraceuticals bioenhanced by piperine[35] 

 

Class  Examples  

Water Soluble Vitamins  Vitamin B1, Vitamin B2, Niacinamide, Vitamin B6, 
Vitamin B12, Folic acid and Vitamin C  

Fat Soluble Vitamins  9LWDPLQ�$��Ã-carotene (provitamin), Vitamin D, Vitamin 
E and Vitamin K  

Amino acids  Lysine, Isoleucine, Leucine, Threonine, Valine, 

Typtophan, Phenylalanine and Methionine  

Minerals  Iodine, Calcium, Iron, Zinc, Copper, Selenium, 
Magnesium, Potassium and Manganese  

Herbal Compounds  Boswellic acid (Boswellia serrata), Ginsenosides 
(Gingko biloba), Withanaloids (Withania somnifera), 
Curcuminoides (Curcuma longa) and Pycnogenol (Pinus 
pinaseter)  

 
Absorption Enhancer or Permeation enhancers 

 

Permeation enhancers increase the permeability of the intestinal epithelium 
through disruptions of the cellular membrane and/or changes in the structure of 
the tight junctions between epithelial cells.[41] 
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Table 5 
Absorption enhancers with mechanisms of action[42-48] 

 

Absorption enhancer Mechanism of action 

Class Example 

 
 
 
 
 
 
Fatty acids 

Long-chain fatty acids (e.g., 
sodium caprate, sodium N-[8- (2-
hydroxylbenzoyl)amino] caprylate 
(SNAC), 8-(N-2- hydroxy-5-chloro-
benzoyl)- amino-caprylic acid (5-
CNAC) 

 
Opening of tight junctions 
Disruption of lipid bilayer   packing 
Formation of membrane permeable 
complex (Ion Pair) 

Medium chain glycerides (e.g., 
Monocaprin) 

Long chain fatty acid ethers 
(e.g., palmitoylcarnitine) 

Omega 3 fatty acid 

Fatty acids derivatives (e.g., oleic 
acid, caprylic acid, lauric acid) 

Phospholipid acyl- chain  
disruption 

 
 
 
 
Bile salts 

Sodium taurocholate, Sodium 
taurodeoxycholate, Sodium 
Taurodihydrofusidate 

Disruption of membrane integrity 
by phospholipids  solubilisation and 
cytolic effects 

Sodium cholate,  
 sodium  deoxycholate, 

Sodium glycocholate,  
sodium fusidate 
Sodium taurodihydrofusidate 

Protein denaturation Decreasing 
mucus viscosity and peptidase 

activity Solubilizing peptides Forming 
reverse micelles 

 
 
 
Surfactant
s 

Sodium lauryl sulphate, 
polyoxyethylene, sodium dioctyl 
sulfosuccinate, laureth-9, 
polysorbate 20 and 80, PEG-8 
laurate, Sorbitan 
laurate, Glyceryl monolaurate, 
Quillaja saponins 

 
 
Extraction of membrane proteins or 
lipids Solubilization of peptides 

 
Chelating  
agents 

EDTA (ethylene-diamine- 
tetraacetic acid), EGTA (ethylene-
glycol-tetraacetic acid), Citric acid 

Modulation of tight junction by 
complexation with calcium and 
magnesium. 

 
Salicylates 

 
Sodium salicylate 

Increases cell membrane fluidity 
and complexation with calcium 
influencing tight junctions 

Inclusion 
complexes 

 
Cyclodextrins and derivatives 

Increasing solubility and stability 
of peptide by enzyme inhibition 

Toxins 
and 
venom 
extracts 

 
 
Zonula occludens toxin 

Induction of actin polymerization 
and tight junction opening by 
interaction with zonnulin surface 
receptor 

 
Melittin 

Bilayer micellisation, 
Â-helix channel formation and fusion 

Anionic 

pol ymers 

 

Poly(acrylic acid) derivatives 

Enzyme inhibition and 

extracellular calcium depletion 
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Cationic 
polymers 

Chitosan salts and N-trimethyl 
chitosan chloride 

Mucoadhesion and ionic 
interaction with cell membrane 

Swellable 
polymers 

Polycarbophil and chitosan 

Miscella- 
neous 

Azone Disruption of lipid structure 

Protease inhibitor Inhibiting protease enzyme 

 

Major issues with Oral permeation enhancer 

 
According to Swenson and Curatolo surfactants can act as permeability 
enhancers by partitioning into the epithelial cell membrane and disrupting the 

packing of membrane lipids, forming structural defects that reduce membrane 
integrity. [49] 

 
Concentration and Time-Dependent Effects 

 

The Absorption enhancer effective in at low conc. but enhancing effect was conc. 
depended. Several sodium salts of medium chain fatty were studied to enhance 
the paracellular permeability of hydrophilic compounds but they showed dose-
dependent enhancing effect across cell monolayers. 
 
Local Toxicity 

 

The local toxicity of absorption enhancer in the small intestine is one of the main 
concerns in relation to the use of in pharmaceutical products e.g. mucosal 
irritation, non-specific damage to intestinal mucosa. At high concentration they 
may damage or disrupt the cell and such effects are irreversible. Most enhancers, 
especially surfactants, are toxic at concentrations of 1%. 
 
Change the permeability of cell 

 
Due to their amphiphilic properties surfactants can easily interact with cell 
membranes, perturb or disrupt the lipid bilayer. This effect depending on applied 
concentration and treatment time can be reversible but higher concentrations 
may thin or rupture plasma membranes, damage the microvilli in the apical 
surface of cells, and lead to leakage of intracellular proteins or cell death. Agents 
that alter cell membrane permeability in a way that disrupts the normal 
extracellular²intracellular ion gradients could be cytotoxic, since various cellular 
functions depend on maintaining transmembrane ion gradients. Medium-chain 
glyceride/phosphatidylcholine at concentrations of more than 8 mM caused 
irreversible increases in permeability and altered the morphology of the cell 
monolayer. [50-52] 

 
pH dependent effect 

 

Chitosan, being a weak base, loses its positive charge in neutral and basic media 
and thus ineffective as an absorption enhancer at this pH. As compared to other 
enhancer chitosan has low toxicity but it shows effect in acidic environment. [53-54] 
Moreover little information available on the long-term safety of compounds that 
alters intestinal permeability as they can affect cell viability, cell integrity and also 
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have immunological issues. Bile salts have a high capacity for phospholipid 
solubilization, and a number of investigators have correlated membrane 
permeation²enhancing effects with the release of membrane phospholipids and 
protein. This effect of bile salts could be damaging to the intestinal mucosa. Other 
disadvantages of absorption enhances includes ulceration, pin-point membrane 
¶HURVLRQV·�� ZKLFK� FDQ� EH� OHDG� WR� EDFWHULD�� YLUXV� HQWU\� WR� WKH� FLUFXODWRU\� V\VWHP�
from intestine. [55-59] 

 
Recent formulation with absorption enhancer 
 
Recently, sodium caprate has been used as the principal constituent of 

gastrointestinal permeation enhancement technology (GIPET) by Merrion 
Pharmaceuticals (Ireland). Sodium caprate was developed as an enteric-coated 
formulation to enhance the absorption of low molecular weight heparins. 
Currently, Novo Nordisk (Denmark) is utilizing GIPETTM technology for oral 
insulin. Isis Pharma (USA) has also developed an enteric-coated formulation of 
antisense oligonucleotides using C10 fatty acid, which showed enhanced 
bioavailability in dogs, in pigs, and in preliminary clinical studies. Despite of 
various safety issues efforts should be made to establish the duration of 
permeability enhancement, which should be transient to allow fast and complete 
tissue recovery. [60] 

 

Conclusion 

 

Oral absorption of drug is very important issue specially when the drug is poorly 
bioavailable, given for long periods and expensive. Poorly bioavailable drugs 
remain sub-therapeutic because a major portion of a dose never reaches the 
plasma or exerts its pharmacological effect unless and until very large doses are 
given which may also lead to serious side effects. Any significant improvement in 
bioavailability will result in lowering the dose or the dose frequency of that 
particular drug. Establishing correlations among in vitro diffusion experiments 
and in vivo animal studies with actual drug absorption are very difficult. There is 
a need to understand this relationship. The major concerns associated with 
absorption enhancers include the association between potency and toxicity. The 
safety of these intestinal permeability modifying compounds is a crucial aspect in 
the development of drug delivery systems including enhancers. Cytotoxicity 

evaluations have been performed mainly in vitro, and it seems that the results 
obtained are not always predictive of in vivo toxicity. 
 
Full toxicological assessment of pharmacologically active excipients in preclinical 
and clinical stages, are mandatory which increase the cost burden in drug 
formulation process. For example, paracellular enhancers like cytochalasin D 
have been reported to cause hepatotoxicity. Such events led to safe and selective 
compounds that fulfill all the needs. So bioenhancers is better choice then 
paracellular absorption enhancer because they are safe natural compounds. 
Combining the strengths of the knowledge base of traditional systems such as 
ayurveda, modern medicine and science will converge to form a real discovery 
engine that can result in newer, safer, cheaper and effective therapies. Novel 

biologically active natural products will continue to serve as lead compounds for 
drug development. 
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Use of bioenhancer can be considered as new technique/method to increase the 
bioavailability of drugs in concern to allopathy. Recently Risorine is a formulation 
developed by Indian Institute of Integrative Medicine, Jammu, and marketed in 
India in November 2009 in public²private partnership with Cadila Pharmaceutical 
Ltd, Ahmedabad. Risorine has been approved for marketing by Drug Controller 
General of India, after successful completion of all the phased clinical trials. It 
contains rifampicin (200 mg), isoniazid (300 mg), and piperine (10 mg). It has 
been found to be bioequivalent with commercially available rifampicin 
preparations. This is due to enhanced uptake of the drug by body cells, and also 
because the drug remains available in blood for longer durations. Combining 
piperine with rifampicin decreases the dose of rifampicin from 450 to 200 mg. 

 
The challenge of research and development of herbal bioenhancers is the large 
scale production. There is always a need to scale up laboratory or pilot 
technologies for eventual commercialization. Advances in herbal bio-enhancers 
also provide new challenges for regulatory control. There is an increasing need to 
have regulations that would account for physicochemical and pharmacokinetic 
properties of such drug products, which are different from conventional drug 
products. Therefore extensive research on bioenhancers is needed so that they 
could be commercialized. 
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