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Introduction

In drug development process, the formulation of drug and
its bioavailability are the major concerns in getting approval to
conduct clinical trials. A poor bioavailability and solubility property
of a product leads to rejection and fail to reach the market. Poor
bioavailability of drugs is due to various factors for example
aqueous solubility, drug permeability, dissolution rate, first-pass
metabolism, etc. [1]. The most leading factor of poor bioavailability
is the low solubility and permeability. Therefore, there are
extensive researches to study the Biopharmaceutics Classification
System (BCS) class II, III and IV and to develop new technologies
to overcome the problem of poor solubility and/or permeability.
Alteration in drug delivery process may produce substantial
changes in bioavailability and solubility of a drug. There are array
of cutting edge techniques which are developed and have been
used by some pharmaceutical companies to enhance the solubility
and improve bioavailability. Identifying the need of appropriate
technologies at the earlier stages of drug discovery may increase
the chances of overall success rate of approval which in fact saves
unnecessary expenditure and reduce the cost of drug development.
The degree of solubility of a drug in a definite solvent is measured
as the saturation concentration where adding more solute does
not increase its concentration in the solution [2]. Different
pharmacopoeias have defined solubility regardless of solvent used,
in terms of quantification and defined the criteria as given in Table
1 [3].
Table 1: USP solubility criteria.
Type of Solubility

Part of Solvent Required Per Part of Solute

Very soluble

<1

Freely soluble
Soluble

Sparingly soluble
Slightly soluble

From 1-10

From 10-30

From 30-100

From 100-1000

Very slightly soluble

Practically insoluble

From 1000-10,000
10,000 and over

Techniques for Improving Bioavailability

Oral Bioavailability is the common route of administration and
is always a challenging approach in improving bioavailability. Apart
from oral bioavailability, other approach to improve the systemic
availability of the drug is to deliver it by using different routes
of administration based on the formulation such as injections,
suppositories, pessaries, transdermal patches etc. [1]. Some of the
major techniques to improve bioavailability are presented in the
Table 2.
Table 2: Cutting edge technologies to improve bioavailability.
Types

Techniques

Physical modification

Micronization, Nanonization, Cocrystallization

Chemical modification
Formulation Based
Modification of partition
coefficient, lipid systems and
novel drug delivery systems
Inhibition of p-glycoprotein
efflux

Physical modifications

Change in ph of system, salt formation,
derivatization, complexation, quantum
mechanics, Molecular Dynamics etc.
Hydrotrophy, cosolvency, ultra-rapid
freezing, porous microparticles
technology, solid dispersions,
complexation

Micelles, Microemulsion, Liposomes,
Niosomes Nanosuspensions,
Nanoemulsion, Nanoglobules,
Nanocapsulation, Nanoliposomes etc.

Use of surfactants, use of dendrimers,
using P-glycoprotein inhibitors

Micronization: Decreasing particle size of drugs causes
increase in surface area which improves the rate of dissolution.
Micronization reduces the particle down to micrometer or
nanometer which increases the bioavailability of poorly soluble
active ingredient. A wide range of drug types which includes
injectable, medicated drops, inhaled products, solid dosage are
benefited from micronization. Drugs having high dose number
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is not suitable for micronization as it does not change the
saturation solubility of the drug [1]. Micronization is usually
achieved by spray-drying, freeze-drying, crystallization or milling
processes. Ultrasonic energy in the range of 20kHz-5MHz is
also used to increase nucleation rate, which not only induces the
crystallization, but also provide reduced particle size with narrow
size distribution. As it uses ultrasonic energy, this process is called
sono crystallization [2].

Nano sizing: It is the reduction of particle size to the submicron
range (100 to 200nm), which provide further enhancement
in the dissolution rates. Supercritical fluid (SCF) technology is
increasingly used for this purpose. In this technique, Drug particles
are first dissolved in the SCF like carbon dioxide, nitrous oxide,
ethylene, propylene, propane, n-pentane, ethanol, ammonia, and
water, followed by bring rapid expansion of supercritical solutions
either by moderate changes in temperature and/or pressure.
Nano-suspensions with particle diameter between 5-2,000nm
diameters are generated using SCF. The nano-suspension provides
higher dissolution rates of particles compared to conventional
suspensions. Several enhancements in SCF technology such as
supercritical anti-solvents processes (SAS), impregnation or
infusion of drug with polymers, solution enhanced dispersion by
SCF (SEDS), and aerosol supercritical extraction system (ASES)
have been recently proposed [3,4].

Chemical modification

Derivatization: Derivatization is a technique where the
active ingredient is transformed into a product of similar chemical
structure called derivative. A pro drug is formed for improving the
aqueous solubility which covalently bound to inactive moiety and
provides desired pharmacological effect [5].

Quantum mechanics and molecular dynamics: Quantum
mechanics and molecular dynamics are powerful simulation
tools which provide insight into molecular-level behavior and
interactions between drugs and excipients. Direct calculation and
visualization of the interactions provide valuation information
in formulation development. With the understanding of drugexcipient interactions it is possible to select and design better
molecules [6].

Formulation based techniques

Solid dispersions [sds]: Solid dispersion refers to the system
comprising one or more active ingredients dispersed in an inert
carrier in a solid state. SD is basically a dispersion of one or
more active ingredients with the inert carrier/s and based on the
carrier/s used, SD is classified into first generation (crystalline
carriers such as urea and sugar), second generation (amorphous
carriers usually polymers) and third generation (carriers with
surface activity or self-emulsifying properties, usually contains
surfactant or a mixture of amorphous polymer and surfactant). They
are commonly prepared by the melting (fusion) method, solvent
method, or fusion solvent-method [6]. Recently, new methods
including melt extrusion [7], spray drying [8], freeze drying [9]
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and supercritical fluid technology [10]. Third generation SD of
praziquantel using polyethylene glycol (PEG) 4000 as a hydrophilic
polymer and poloxamer 188 as a surfactant showed a promising
results in improving the oral bioavailability of the drug [11]. In
another study, third generation amorphous solid dispersions
(solid solutions) of indomethacin with poly (vinylpyrrolidonevinyl acetate copolymer) and Poloxamer 407 showed increased
solubility of the API [12].

Eutectic mixtures are also a form of solid dispersions
prepared by fusion method using specific solvents as the basis of
a formulation strategy to improve the physical properties of the
active ingredient for an enhanced dissolution rate and solubility. But
not every drug and compound combination are capable of forming
a eutectic mixture. The inability to predict the eutectic system
and the time required to characterize these mixtures made this
technology challenging to use in drug development [13]. Surface
Solid Dispersion (SSD) is as the name suggest, drug is deposited on
the surface of an inert water insoluble hydrophilic carrier with high
surface area such as microcrystalline cellulose, hydrophilic fumed
silica (CAB-O-SIL® and CAB-O-SPERSE®), crospovidone, polyvinyl
pyrrolidone-vinyl acetate copolymer, sodium starch glycolate,
resulting into particle size reduction of the drug. In contact with
water, the carrier immediately disperses which allows rapid release
of the drug and improves its rate of dissolution [14]. In a recent
comparative study between SSD of meloxicam was prepared with
crospovidone showed higher dissolution rates compared to SD of
meloxicam prepared with PEG4000 [15].
Cyclodextrins: These starch derivatives are used widely to
enhance the solubility by their ability to form non-covalent dynamic
inclusion complexes in solution. Hydroxypropyl-β-cyclodextrin
(HP-β-CD) is most commonly used in pharmaceutical formulation
due to its high water solubility [16]. Selected examples of different
cyclodextrin derivatives used are provided in Table 3 [16-29].

Modification of partition coefficient, lipid systems and
novel drug delivery systems

Lipid systems: Lipid formulations are diverse group of
formulations including lipid solutions, emulsions, micro-emulsion,
nano-emulsion with self-Emulsifying, self-micro emulsifying, and
self-nano-emulsifying drug delivery systems are recent addition to
it. Lipid formulations are broadly classified into 4 categories with
increasing hydrophilicity: Type I includes only oil, Type II includes
oil and water insoluble surfactant, type IIIA includes oil, water
soluble surfactant and Hydrophilic co-solvents, and type IV include
surfactant and co-solvent mixture without oil. The main advantage
is in these systems the drug remains in a dissolved state throughout
its transit in the GIT. However, high amount of surfactants and
chances of drug precipitation upon dilution with aqueous media
are the major drawbacks of these systems [30].
Nanotechnology approaches: A variety of novel delivery
systems are used to solubilize the lipophilic drugs, mainly classified
as colloidal carrier systems (nanoemulsions, microemulsion,
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nanoparticles) and vesicular carrier systems (liposomes,
transfersomes, ethosomes and niosomes). These carriers mainly
enhance drug dissolution and permeability by their higher surface
area and rendering the drug in the dissolved state. Solid lipid nanoparticles contain solid lipids as matrix material that possesses
adhesive properties that make them adhere to the gut wall and
release the drug exactly where it should be absorbed. Nanomorph
is a recent technology converts the crystalline drug particles to
amorphous nano-particles with higher dissolution rates [31].
Table 3: Cyclodextrin derivatives used in solubility enhancement:
selected examples.
Cyclodextrin Derivative

Drug

α-Cyclodextrin

Apigenin [17]

β-cyclodextrin

Asenapine [18]

γ-cyclodextrin

Regorafenib [19]

carboxymethyl-β-cyclodextrin
(CM-β-CyD),

Finasteride [21]

Dimethyl β-cyclodextrin

Acyclovir [22]

Amino-β-cyclodextrin

Rhein [20]

Diethylenetriamine-βcyclodextrins (DETA-βCD)

Rhein [20]

epichlorohydrin-β-cyclodextrin
(EPI-β-CD)

Bendamustine [23]

Hydroxyl propyl γ-cyclodextrin

Bendroflumethiazide [24]

Hydroxypropyl-β-cyclodextrin

Iloperidone [26]

Ethylenediamine-β-cyclodextrins
(EN-βCD)
hydroxypropyl-α- cyclodextrin
Methyl (ME)-β-CD

mono-6-deoxy-6aminoethylamino-β-cyclodextrin
per-[6-desoxy-6-(3perfluorohexylpropanethio)-2,3di-O-methyl]-α-CD

Rhein [20]

Camptothecin [25]
Epalrestat [27]

Ciprofloxacin[28]
Iodinin [29]

permethyl-β-CD (PMβ-CD)

Bendamustine [23]

sulfobutyl ether-β-cyclodextrin
(SBE-β-CyD),

Finasteride [21]

sulfobutyl ether-β-CD (SBEβ-CD)
Sulphobutylether-βCD (Captisol)
triethylenetetramine-βcyclodextrins (TETA-βCD)

Inhibition of p-glycoprotein efflux

Bendamustine [23]
Asenapine [18]
Rhein [20]

P-glycoprotein (P-gp) is one of the first members of the ATPbinding cassette (ABC) transporter can potentially reduce the
absorption and oral bioavailability of a number of drugs [32].
P-gp inhibitor is usually co-administered with the drug to enhance
drug absorption. Recently, many excipients are identified as P-gp
inhibitors which including Surfactants and solubilizing solvents,
Pluronic block copolymers, Lipid excipients and thiomers were
identified as P-gp inhibitors [33]. Surfactants and lipids act indirectly
and non-specifically by interacting with the lipid bilayer, increases
membrane fluidity and permeability. Besides use of surfactants

and lipids, many novel drug delivery carriers like dendrimers,
nanoparticles and liposomes have P-gp eluding activity, since they
are transported into the cells via receptor mediated endocytosis
in contrast to the typical free drug diffusion. Research also shown
that P-gp substrates such as propranolol encapsulated within
dendrimer structures is an effective strategy to bypass the P-gp
efflux pump [34,35].

Conclusion

The enhancement of solubility and improving bioavailability
remains one of the most challenging aspects of drug development.
There is need to identify the most suitable approach at early stages
among the pool of different approaches. Each method has its
own limitations. However different approaches aids the targeted
delivery, sustained delivery and improves the pharmacokinetics
profile, diffusion of drugs into various organs by crossing the
barriers including the blood brain barrier. Further research can
focus on these complexes and may lead to reduction of the doses of
pharmaceuticals due to improved bioavailability.
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