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Abstract: Bioavailability of the colloidal particles is of great concern. It is because
about 40% of the newly discovered colloidal agents are poorly water soluble and
thus poorly bioavailable. Various colloidal technologies have been adopted to
enhance the bioavailability of such drugs. In this review, advanced colloidal technologies are discussed to understand the mechanism of bioavailability enhancement of drugs, coding latest references from the literature. Additionally, advantages
and disadvantages of the concerned colloidal technologies are discussed to
understand the potential usage of each process. All these colloidal technologies
effectively enhance the bioavailability of poorly bioavailable drugs, either by protecting them from the environment of the gastrointestinal or by prolonging their
intended therapeutic effect. Furthermore, complexation of the drug molecule with
potential carries, particle size reduction to nanoscale, co-crystallization and selfemulsifying drug delivery system are also discussed which not only enhance the
bioavailability but also reduce the potential toxicities of the loaded drugs. It is
therefore important to understand the vital colloidal technologies with their recent
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To obtain the desired therapeutic effect of drugs,
a preferred concentration of the drugs must
reach the blood circulation. Most of the times,
the desired concentration of drugs fails to reach
the systemic circulation. This condition is also
known as poor bioavailability of the drugs. This
could be attributed to their poor water solubility,
low absorption profile, first pass metabolism and
degradation due to harsh gastrointestinal environment. A number of techniques are utilized to
enhance the bioavailability of drugs. In this article, advance colloidal technologies are discussed,
including freeze-dried liposomes, solid lipid
nanoparticles, polymeric nanoparticles, dendrimers and solid emulsification with particular
emphasis on their preparation, characterization
and potential applications for the enhancement
of bioavailability of drugs. These technologies not
only improve the bioavailabilities of drugs but at
the same time also result in targeted, site-specific and controlled drug delivery, thus ensuring
no toxicities of the drug molecules.
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advancements, potential applications and future challenges, which is discussed in
this review. Finally, this article concludes that the advanced colloidal technologies,
including freeze-dried liposome, solid lipid nanoparticle, polymeric nanoparticle
(polymeric micelles), dendrimers and solid emulsifying drug delivery systems, have
the potential to achieve improved bioavailability and targeted drug delivery.
Subjects: Engineering and Technology; Health and Social Care; Medicine; Dentistry; Nursing
and Allied Health
Keywords: colloidal technologies; bioavailability; nanoparticles; polymeric micelle; SEDDS
1. Introduction
Bioavailability is the unchanged fraction of a drug in the blood circulation, which is available for its
therapeutic use. It is one of the basic pharmacokinetic (PK) property of drugs. According to a
definition, an intravenously administered drug has 100% bioavailability (Griffin & O’Grady, 2006). It
also refers to the rate at which the active pharmaceutical ingredient (API) enters systemic
circulation, reaching the site of action. Solubility of a drug in water is the basic property which
leads to the absorption of the drug after oral intake. It is also useful in accessing, manipulating and
testing of drug properties during its developmental design and procedure (Williams et al., 2013).
However, the bioavailability of oral drugs depends upon multiple factors including their water
solubility, drug permeability across the gastrointestinal (GIT) membrane, the rate of dissolution in
GIT fluid, first-pass effect of the liver enzymes on drug metabolism and susceptibility to the efflux
mechanisms (Krishnaiah, 2012). The number of insoluble drug candidates in drug discovery has
increased in recent years, as about 70% of the new drug candidates have shown poor water
solubility (Kawabata, Wada, Nakatani, Yamada, & Onoue, 2011). So, for these drug candidates, the
limiting factor in in-vivo bioavailability of oral drugs is their poor water solubility, dissolution and
disintegration in the GIT fluids. Therefore, in vitro dissolution study has been acknowledged as
prominent factor in new drug development. Thus, enhancing the bioavailability of poorly bioavailable drugs by increasing their dissolution rate is a main challenge for pharmaceutical scientists of
modern age (Hu, Johnston, & Williams, 2004; Wakaskar, 2017a).
In earlier decades, the foremost objectives of product development were to increase bioavailability, stability and degradation of the drugs which ultimately leads to the patient compliance.
The bioavailability of an oral drug was chiefly influenced by its water solubility at certain pH (1.0–
7.5) and its frequency of transmission through the biological membranes (Vemavarapu, Mollan,
Lodaya, & Needham, 2005). Inadequate dissolution and disintegration rate were the primary
limiting factors in the bioavailability of poorly aqueous soluble oral drugs. In this respect, various
novel methods and innovative technologies have currently been introduced for the prime purpose
of enhancing wettability and water solubility of (active pharmaceuticals agents) APIs (Komal et al.,
2017; Maria et al., 2017). The different methods, being commonly used for this purpose, were
categorized as physical and chemical reforms. The physical reform includes reduction of particle
size of API to enhance the surface area (micronization and nanonization), formation of polymorphs/pseudopolymorphs which includes solvates, complexation/solubilization (by means of
using surfactants or cyclodextrins [CDs]), conjugating to dendrimers, by addition of cosolvents
for increasing solubility and preparation of drug dispersions in carriers (eutectic mixtures, nonmolecular solid dispersions and solid solutions). Similarly, various chemical reforms are done to
enhance the bioavailability of drugs including the synthesis of soluble prodrugs and salts (Chen,
Khemtong, Yang, Chang, & Gao, 2011; Gao, Zhang, & Chen, 2008).
In this review, various advanced colloidal technologies and approaches have been discussed which
are effectively used for the enhancement of bioavailability of poorly water-soluble rugs. Some of them
include the nano-particulate technology, polymeric micelles (PMs), solid emulsifying drug delivery
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system (SEDDS) and complexation with beta (β)-CD. A representative diagram of all the techniques is
given in Figure 1. Moreover, some formulation-based approaches are also discussed here.

2. Particle technologies
Particle technology is a bunch of techniques, used to enhance physicochemical, micrometrics and
biopharmaceutical characteristics of the hydrophobic drugs, resulting in their improved solubility
and bioavailability. Such techniques include reduction of the particle size, modification of the
crystal development habit and use of polymers and copolymers (Salman et al., 2016; Savjani,
Gajjar, & Savjani, 2012). Similarly, some of these nanosized particle technologies include freezedried liposomes, solid lipid nanoparticle (SLN) and dendrimers.

2.1. Freeze-dried liposomes
Liposomes are the phospholipid vesicles, comprising entirely of a phospholipid bilayer which
surrounds an aqueous compartment within its hydrophilic head and thus can dissolve both
lipophilic and hydrophilic drugs. Lipophilic drugs are entrapped in their lipid domain while hydrophilic drugs are taken up in their aqueous core (Figure 2A) (Fahr & Liu, 2007). Because of their dual
biphasic characteristics, variety in design and composition, they propose a great dynamic technology for improving the drug solubility of poorly water-soluble drugs (Alam et al., 2016). Drugs
loading into liposomes leads to significant improvements in their PK and pharmacodynamic
properties as compared to their free forms, resulting in increased therapeutic effect and decreased
toxicity of the loaded drugs (Zeb et al., 2017; Zhang et al., 2005). Nevertheless, one of the major
setback with application of liposomes as drug delivery systems is their poor stability on storage.
The liposomal formulations can therefore be stabilized by freeze drying the liposomes to get dry
powders with increased stability and uphold potency of the incorporated drug. Ghanbarzadeh
(2013) found that freeze-dried liposomes of sirolimus (rapamycin) have increased stability after
reconstitution in association with the conventional suspension product of the same drug
(Ghanbarzadeh, Valizadeh, & Zakeri-Milani, 2013). Moreover, he observed that the stability of the
formulation was extraordinarily improved when dextrose was used as a lyoprotectant during
freeze drying. He concluded that freeze-drying technique may improve the stability of liposomes.
Furthermore, in the production of paclitaxel-liposomal formulation, it was observed that numerous
sugars can be used as lyoprotectants including sucrose, dextrose and trehalose (Zhang et al.,
2005). This formulation was sterile and easy to handle with increased solubility as well as
enhanced physicochemical stability. In another study, paclitaxel-loaded liposomes were developed
with polyethylene glycol (PEG) 400 in the hydration medium of liposome resulting in improved
solubilization and drug entrapment, leading to improved bioavailability of paclitaxel in rats (Yang

Figure 1. Scheme of strategies
used for enhancing the bioavailability of poorly water-soluble
drugs.
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et al., 2007). Few representative studies consuming liposomes as efficient drug delivery system
with enhanced therapeutic effects of the loaded drugs include augmented inhalation therapy
using insulin (Bi, Shao, Wang, & Zhang, 2008) and oseltamivir phosphate (Tang et al., 2015) and
antioxidant properties of curcumin (Takahashi, Uechi, Takara, Asikin, & Wada, 2009). Freeze-dried
liposome system, being a favorable approach for developing liposomal formulation with enhanced
water solubility and upheld bioavailability, could therefore be used for a variety of poorly watersoluble therapeutic agents.

2.2. SLNs
SLNs are colloidal drug carrier system that are developed using lipid which are solid at room temperature. Solid lipid includes glycerides, waxes having high melting points (Üner & Yener, 2007). SLNs got
recent attention because of their ability to replace traditional, orthodox colloidal carrier systems such
as emulsions and suspensions (Muèller, Maèder, & Gohla, 2000; ud Din, Mustapha et al., 2015). Various
methods are reported for SLN preparation including hot and cold homogenization high pressure
homogenization (HPH), degradation of o/w emulsion droplets, solvent injection, w/o/w double emulsion, high shear, stress homogenization (mixing) and dispersion using ultrasonic waves. Among these,
HPH is the most efficient method owing to the formation of narrow particles with uniform sizes, greater
particle content and organic solvents avoidance (ud Din, Mustapha et al., 2015; Üner & Yener, 2007).
Moreover, the SLN is preferred over traditional colloidal carrier system mainly due to its controlled drug
release, targeted drug delivery, enhanced stability, bio-friendly nature of the carrier and the capacity
to incorporate both hydrophilic and lipophilic drugs (Figure 2B). Besides their numerous advantages,
SLN exhibited several disadvantages including low drug loading capacity and stability issues during
storage or drug administration. Various studies have been performed to check the effectiveness of SLN
in enhancing the solubility of poorly soluble aqueous drug (ud Din, Rashid et al., 2015). One such study
was performed using ATRA (all-trans-retinoic acid) for oral administration by incorporating the drug in
SLN particles. It was observed that the absorption of ATRA was significantly enhanced, resulting in
improved bioavailability of the drug. In another study, a hydrophobic drug, tretinoin, was incorporated
into SLN by using emulsification method. It demonstrated a sustained release of the drug from SLN
with improved stability (Das, Ng, Kanaujia, Kim, & Tan, 2011). Similarly, uh Din, Aman et al. (2017)
exhibited that the SLN incorporated drug not only improves the bioavailability of the antitumor drugs
but also reduces the side effects of potentially cytotoxic drug, irinotecan (ud Din, Cho et al., 2017).
Moreover, they demonstrated that SLN, if further entrapped in hydrogel, may result in excellent
sustained release of the loaded drug. Also, this system was observed to be stable for 6 months,
which was only possible because of the exceptional entrapment efficiency of SLN drug delivery system.
Thus, these studies revealed the possibility of using SLN drug delivery system for controlled and
prolonged drug delivery. Some other examples of SLN as drug delivery systems for enhanced bioavailability of the colloidal drugs include oral bioavailability of curcumin (Kakkar, Singh, Singla, & Kaur,
2011), enhanced GIT availability of quercetin (Li et al., 2009) and irinotecan (uh Din, Mustapha, & Kim,
2017).

2.3. Dendrimers
These are the macromolecules, globular in structure, highly branched, with many arms originating
from a core (Tomalia & Frechet, 2002). Moreover, they proved to be novel approach to increase the
bioavailability of poorly aqueous soluble drugs. Dendrimers are produced by a stepwise process that
includes a molecule with highly regular branched pattern. Furthermore, dendrimer possess a distinct,
entirely unique molecular weight, low polydispersity index and a well-defined number of groups on
the periphery as can be seen in Figure 2C. Dendrimers were first reported about two decades ago,
but those studies were only concerned with their synthesis, physical and chemical nature. It was
only recently, when their studies become more therapeutic oriented. Dendrimers have shown great
results in various fields ranging from genetics (gene delivery) to magnetic resonance imaging, to the
production of vaccines, antiviral, antibacterial and anticancer drugs (Talanov et al., 2006).
A variety of applications of dendrimers have been found in the field of pharmaceutical and
medical chemistry, a comprehensive information of which can be found in a recent review covering
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Figure 2. Nanoparticle: (A)
freeze-dried liposome, (B) dendrimer, (C) SLN.

the area of dendrimers (uh Din, Aman et al., 2017). Dendrimers, as drug delivery systems, were
used to entrap the drug molecules onto the surface of dendrimers or other functionalities. The
reason why the dendrimers have become the excellent candidates as drug carriers is because of
their proper, well-defined structure, compact size, globular shape, mono-dispersity size and controlled “surface” functionalities. Despite the potential application of dendrimers, little studies have
actually been done in this area. Following are some of the few illustrative studies using colloidal
drugs including indomethacin (Chauhan et al., 2003), camptothecin (Jain & Gupta, 2008) and
doxorubicin (Ke, Zhao, Huang, Jiang, & Pei, 2008).
Chauhan et al. reported the transdermal delivery of aqueous formulations of indomethacin using
dendrimers. They observed that the dendrimers significantly enhanced the steady state flux of
indomethacin, more exactly 4.5 times, as compared to its pure form. Moreover, similar results were
revealed in in vivo studies which demonstrated around twofold bioavailability as compared to pure
drug (Chauhan et al., 2003). Furthermore, NK Jain and Guptha reported the applications of
dendrimer–drug complexation to achieve the augmented drug solubility and bioavailability. More
particularly, the campthothecin, an anticancer drug bioavailability, was significantly enhanced
using dendrimer-based drug delivery system (Jain & Gupta, 2008). Similarly, Ke et al. (2008)
reported the development of doxorubicin loaded-PAMAM dendrimers for oral administration.
They observed that dendrimer complex resulted in enhanced cellular uptake and 4–7 times
more transport capability of the loaded drug as compared to the free doxorubicin. They concluded
that doxorubicin-loaded dendrimer may enhance the bioavailability of the loaded drug by more
than 200-fold after oral administration as compared to the pure drug.

3. PMs
PMs are nanosized formulations which have the capacity to carry water insoluble drugs to their
targeted areas for their intended pharmacological effects. They are smaller in size (100 nm) and
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can swallow up infected cells by system of macrophages (Jones & Leroux, 1999; Wakaskar, 2017b,
2017c). Being amphiphilic in nature, the di- or tri-block copolymers thus contain both hydrophobic
and hydrophilic segments. These amphiphilic block copolymers when exposed to aqueous environment, above certain concentration (called critical micelle concentration or CMC), form micelles.
The hydrophobic segment of block copolymer constitutes the core of micelle, while hydrophilic
segment forms the shell of micelles Figure 3. Due to specific core-shell structure, hydrophobic
drugs are carried by hydrophobic core and the hydrophilic shell stabilize water-soluble drugs
(Otsuka, Nagasaki, & Kataoka, 2003). This ensures the PM’s solubility in aqueous medium and
also controls their in vivo PK (Gothwal, Khan, & Gupta, 2016; Wakaskar, 2018a). Some commonly
used methods for the preparation of PMs are the dialysis method, oil-in-water emulsion method,
solvent evaporation method, cosolvent evaporation method and freeze-drying method (Danhier,
Feron, & Preat, 2010; Gaucher et al., 2005; Rapoport, 2007). PEG corona increases the strength of
PMs so that they can circulate in blood more efficiently and target the solid tumor directly through
enhanced permeability and retention (EPR) effect (Danhier et al., 2010; uh Din et al., 2017;
Wakaskar, 2018b). EPR effect is produced due the accumulation of PMs at the solid tumor location,
which have poor lymphatic drainage system leading to insufficient vascular retrieval of the extravasated molecules. Micelle’s surface has anticancer antibody which shows interaction with certain
receptors on cancerous cells. Vascularization of tumors releases specific chemicals which makes
micelle accumulation possible in it. Principally, PMs are designed to release drug slower in to the
blood stream so that they can efficiently kill tumorous cells (Rapoport, 2007; Sun & Zeng, 2002).
One such study was performed by encapsulating doxorubicin in PMs, which releases its encapsulated drug by varying pH. Doxorubicin targets the cancerous cell’s nucleus and accumulates in it,
after reaching there, it enters into its DNA and interacts with DNA polymerase enzyme. As a result
DNA, is cleaved and cell death occur (Sun & Zeng, 2002). In an-other study anticancer drug
paclitaxel and anti-fungal drug amphotericin B were allowed to solubilize into hydrotropic PMs
by dialysis method. As a result their stability and biological availability were enhanced (Lee et al.,
2007). Some examples of poorly water-soluble anticancer drugs delivered through PMs include
paclitaxel, etoposide, docetaxel and 17-allylamino-17-demethyoxygeldanamycin. All these drugs
bioavailability were enhanced through this system (Shin, Alani, Rao, Rockich, & Kwon, 2009).
Similarly, oral drugs have certain limitations regarding solubility due to harsh environment of GI
tract. Presence of digestive enzymes/bile salts, variation in pH causes the destruction of orally
administered drugs. To avoid such degradation, thermodynamically and kinetically stable PMs
were prepared (Calderara et al., 1994). Thermodynamic stability was achieved when copolymer
concentration was above its CMC. Kinetic stability was achieved even when copolymer concentration was below its CMC. Thus required amount of drug reached the target site resulting in intact

Figure 3. Schematic of polymeric
nanomicelle.

Page 6 of 15

Din et al., Cogent Medicine (2018), 5: 1480572
https://doi.org/10.1080/2331205X.2018.1480572

oral availability (Adams, Lavasanifar, & Kwon, 2003). Various PMs were developed to enhance the
bioavailability of poorly water-soluble drugs, including pH-sensitive PMs which were used to
promote the controlled release properties of loaded drugs at target region, muco-adhesive PMs
for prolonging the residence time in the gut and P-glycoprotein inhibitors PMs for prolonging the
drug accumulation (Xu, Ling, & Zhang, 2013).

4. SEDDS
According to biopharmaceutical classification system, drugs that belong to class 2, 3 and 4 can be
used for the development of SEDDS, However, class 2 drugs are more specifically used (Gupta,
Kesarla, & Omri, 2013). SEDDS are mixture of surfactant, oil and cosolvent which form isotropous
formulation; these formulations emulsify freely in an aqueous phase with mild agitation to form oil
in water emulsions (Bhatt, 2004). The digestive movement of stomach and small intestine leads to
their slight agitation (Shah, Carvajal, Patel, Infeld, & Malick, 1994). The emulsion formed in SEDDS
has a particle size of 100–300 nm. An advanced form of this technique is recently recognized,
known as self-micro emulsification, in which the particle size is less than 50 nm (Gursoy & Benita,
2004). Reduction to submicron level of the particle size leads to increased surface area for
absorption eradicating the dissolution step. It also results in prolongation of the drug absorption
leading to increased bioavailability (Gupta et al., 2013) and decreased chemical and enzymatic
deterioration in the aqueous environment of GIT.
SEDDS is evolved by the integration of the liquid or semi-solid emulsifying ingredients into
powders or nanoparticles by various methods such as spray drying (Chauhan, Shimpi, &
Paradkar, 2005), spray cooling (Rodriguez et al., 1999), melt granulation (Seo & Schæfer, 2001)
and adsorption to solid carriers leading to the formation of solid dispersion (Rashid, Din et al., 2015;
Rashid, Kim et al., 2015) that can be converted into other solid dosage forms like pellets and
tablets microsphere, suppositories and implants. Another form is liquid SEDDS which is formed as
liquid dosage form or liquid filled soft gelatin capsules, but they have some constraints including
their high cost and difficult intake, and storage problems. Therefore, solid SEDDS are preferred over
the liquid SEDDS system (Kim, Kang, Oh, Yong, & Choi, 2012). Excipients are chosen by dissolving
the drug in a mixture of oil surfactant and cosolvent. Many variables are considered while
formulating the SEDDS system such as the droplet size, surfactant and concentration of surfactant
and surfactant/oil ratio which determine the self-emulsifying nature of the formulation as can be
seen in Figure 4. Thus, only few combinations are acceptable to form an SEDDS system (Patel,
Kevin, Patel, Raval, & Sheth, 2011).

Figure 4. Development of selfemulsifying drug delivery
system.
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One of the main ingredients of SEDDS are oils as they enhance the solubilization of lipophilic
drugs leading to increased bioavailability. Triglycerides in large and medium size are most widely
used (Khasia & Khasia, 2012). Similarly, most desirable among the surfactants are the nonionic
surfactants as they have high hydrophilic lipophilic balance values; they enhance the O/W droplet
formation resulting in quick dispersion of the formulation in the aqueous media. Typically used
surfactant strength limits from 30% to 60% and excessive amount of surfactant can result in GIT
irritation (Ayushi, Faraz, Ritika, & Saurabh, 2012). However, in SMEDDS, insignificantly higher
amount of surfactant is used (40–60%) (Grove, Müllertz, Nielsen, & Pedersen, 2006).
Furthermore, cosolvents like propylene glycol, PGE and polyoxyethylene assist in dissolving large
amount of hydrophilic surfactant or hydrophobic drug in lipid base. These cosolvents lower the
interfacial tension to a temporary negative value, leading to production of fine droplets which
absorb more surfactant and cosurfactant, till their bulk condition adequately exhausted to reobtain a positive value of interfacial tension (Nigade, Patil, & Tiwari, 2012).
A commercially available SEDDS cyclosporine, resulted in twofold bioavailability in humans when
compared with other cyclosporine formulations (Mueller et al., 1994). Moreover, SNEDDS is recently
being introduced for flutamide (an antiandrogen drug for the treatment of prostate cancer) and
telmisartan which is an angiotensin II receptor blocker antihypertensive agent (Patel et al., 2011).
Other examples of the drugs prepared in the form of solid self-emulsifying system are nimodipine
(Kim et al., 2012), flurbiprofen (Seo & Schæfer, 2001) docetaxel (Chen et al., 2011), curcumin (Yan
et al., 2011), meloxicam (Agarwal, Alayoubi, Siddiqui, & Nazzal, 2013) and fenofibrate (Kanaujia,
Ng, & Tan, 2014).

5. Complexation with β-CD
CDs are cyclic oligosaccharides made up of an adjustable number of glucose units, interlinked by 1,4
bonds. When starch counters with CD-glycosyltransferase enzyme (CGTase), CDs are formed
(Thompson, 1997). Representative CDs comprise 6–8 units of glucose monomers in a ring, generating
a cone shape: α (alpha)-CD: (6-membered), β-CD: (7-membered) and γ (gamma)-CD: 8-membered
sugar ring molecule. α- and γ-CD are mostly used in the nutrition industry. The CD molecules are
hydrophilic superficially and hydrophobic inside their ring cavity. In liquid or sometimes solid media,
inclusion complexes are designed by CD with diverse type of erratically sized, nonpolar molecules
(Frömming & Szejtli, 1994). In compounds with lower solubility, inclusion in CDs enhance their
solubility and dissolution. With intermediate complex stability constant values, the active ingredient
easily enters the membranes leading to increased bioavailability and therapeutic effectiveness
(Loftsson, Sigurđsson, Másson, & Schipper, 2004). It is stated that organic acids (especially citric
acid) and CDs have synergistic influence on the solubility of drugs, which could be attributed to the
adaptation in solute–solvent interrelationship. Solubility of compounds depends on the type of CDs
used for their preparation. Improved solubility is achieved when derivatized CDs are used in place of
non-derivatized CDs owing to the highly soluble nature of derivative CDs. Derivatization improves
aqueous solubility, as results in hydroxypropyl-β-CD, by conveying better flexibility to the exterior CD
hydroxyl groups. Moreover, it has the capability to upsurge hydrogen bond formation between the
guest molecule and the derivatized CD leading to the formation of more stable inclusion complex.
Tomasik and Schilling (1998) optimized several CDs compositions of ABZ inclusion complex and found
that CD, 2-hydroxypropyl-β-CD appeared to be more suitable grounded on completion behavior and
safety for human beings.
It was observed that among the various CDs, β-CD is most appropriate for the manufacture
of pharmaceutical preparations. It could be attributed to its low-cost production and easy
method of separation from mixture (Del Valle, 2004). Naproxen (Mura, Faucci, & Bettinetti,
2001), piroxicam (Sauceau, Rodier, & Fages, 2008), ketoconazole (KET) (Taneri, Ozcan, & Guneri,
2010), ibuprofen (Ghorab & Adeyeye, 2003), ketoprofen (Ann, Kim, Choi, & Kim, 1997) and ABZ
(Tomasik & Schilling, 1998) are the most frequent drugs with complex formation in order to
improve their bioavailability (Table 1).
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Table 1. Bioavailability enhancement through complexation
S. no.

Drugs

Advantages of
complexation

Reference

1

Naproxen

Enhance the solubility,
dissolution and
bioavailability
More stable inclusion
complex

Chen et al. (2011)

2

Piroxicam

Safer for CV and GI
purposes
Low-cost production

Yan et al. (2011)

3

Ketoconazole

Improved solubility and
bioavailability
Reduced local toxicities
Low production cost

Agarwal et al. (2013)

4

Ibuprofen

Increased bioavailability
Decreased degradation of
drug
Improved stability

Kanaujia et al. (2014)

5

Ketoprofen

Enhanced solubility and
bioavailability
Lower hemolytic activity
Reduced nephrotoxicity

Thompson (1997)

One of the most common examples of β-CD used in augmenting solubility of drugs is albendazole
(ABZ) complexation with β-CD. ABZ, an anthelminthic drug, has been effectively employed against
human and animal helminthic parasites, such as nematodes (Saenger, 1980). However, its very poor
solubility profile leads to a truncated absorbance though the GIT leads to GI turbulences and severe
side effects (Pitha, Milecki, Fales, Pannell, & Uekama, 1986). Another significant example is the use of
hydroxyl propyl-CD (extremely soluble CD derivative) for increasing the solubility, oral bioavailability
and dissolution rate of very poorly water-soluble anti-fungal agent KET. On evaluation by HPLC
method, tablets containing cyclodexttrin complex show higher bioavailability and dissolution rate as
compared to the KET alone (Taneri et al., 2010). The solubility of naproxen was also increased by
combined effect of hydroxypropyl-β-CD complexation and polyvinylpyrrolidone (Mura et al., 2001).

6. Formulation-based approaches
Out of all newly discovered compound known in medication disclosure projects, 470 compounds are
inadequately soluble in water (Allam, El. Gamal, & Naggar, 2011). The increase in the extent of poorly
soluble compounds can be accredited to improvements in synthesis technology, which have permitted
the planning of dreadfully sophisticated compounds, and an alteration in discovery approach from a
supposed configuration methodology to a targeted methodology (Kawakami, 2012). Poorly bioavailable drugs are a great challenge for the formulation scientists to develop suitable dose forms with
enhanced bioavailability and effective therapeutics. To address this challenge, poorly bioavailable
drugs are mostly prepared in three different forms which includes crystalline solid formulations,
amorphous formulations and lipid formulations. The formulation-based approaches used for this
purpose include co-crystallization (Shiraki, Takata, Takano, Hayashi, & Terada, 2008), cosolvency
(Strickley, 2000) and hydrotrophy (Badwan, El-Khordagui, Saleh, & Khalil, 1982).

6.1. Co-crystallization
Co-crystals mainly comprise two parts; the API and the former. Currently, the former is any other
excipient or API that once given together reduces the dose amount and side effects. Co-crystallization
is an effective crystal engineering method which results in diverse properties of the drugs by altering
their crystal structure. An extra refined meaning of a co-crystal is “multicomponent crystal that is
molded between two compounds that are solids under ambient conditions, wherever at least one
component is an appropriate ion or molecule”. Some drugs advertised within the style of racemic coPage 9 of 15
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crystals include atenolol, atropine, certirazine, fluoxetine, ketoprofen, loratadine, omeprazole and
zopiclone. Pharmaceutical co-crystals are non-ionic supramolecular networks that can be employed
to enhance the physical properties of pharmaceuticals without altering the chemical preparations of
the API (Miroshnyk, Mirza, & Sandler, 2009).
This complex is formed by numerous styles of interaction, as well as pi-stacking, hydrogen
bonding and van der Waals forces. In nonionizable compounds, co-crystals improve pharmaceutical properties by adjustment of chemical stability, mechanical behavior, solubility, dissolution
rate and bioavailability (Shiraki et al., 2008). Approaches used for enhancing the bioavailability of
poorly water-soluble drugs using co-crystallization technique include solvent evaporation method
(Mutalik, Anju, Manoj, & Usha, 2008), grinding (Sekhon, 2005), slurring (Ober & Gupta, 2012),
supercritical fluid atomization (Breitenbach, 2002), hot melt extrusion (Miller, McConville, Yang,
Williams, & McGinity, 2007) and sono-crytalization (Bucar & MacGillivray, 2007).
In future, co-crystallization analysis can significantly improve the development of newest synthons,
which are the structural entities for developing a crystal. As soon as the flexibility in crystal structure
style and prediction progresses, the high magnitude approach are progressively marginalized.
Conversely, the diverse crystallization conditions delivered by high-throughput screening experiments
usually result in electrifying innovations. Some of the representative studies using co-crystal
approaches include co-crystallization of pterostilbene: Caffeine (Mutalik et al., 2008) and co-crystals
of Cox-2 inhibitor & amp, venlafaxine (Sekhon, 2005).

6.2. Cosolvency
The solubility of a poorly water-soluble drug is improved normally by adding a water-soluble solvent,
these solvents are called cosolvents (Strickley, 2004). Cosolvents are mixtures of water and one or
more water-soluble solvents employed to obtain a solution with amplified solubility. Conventionally,
this is one of the mostly used techniques for increasing the bioavailability of poorly water-soluble
drugs. Examples of solvents employed in cosolvent mixtures are PEG 300, propylene glycol or ethanol.
Cosolvent preparations of poorly soluble drugs are administered orally and parentally. Parenteral
preparations usually require the addition of water or a dilution step with a liquid media to decrease
the solvent concentration before administration. Cosolvents upsurge the solubility of poorly soluble
compounds thousand-times in association with the solubility of drugs in their pure form.
Cosolvents in combination with different solubilization methods and pH adjustment are highly
recommended for enhancing the bioavailability of poorly bioavailable drugs (Millard, AlvarezNunez, & Yalkowsky, 2002). Dimethylsulfoxide and dimethylacetoamide are extensively used
cosolvents for this purpose, owing to their great solubilization capability and comparatively
reduced toxicity. Co-dissolvable items, Nimodipine infusion (Nimotop®, Bayer) and digoxin Elixir
pediatric (Lanoxin®, GSK), are examples of co-dissolvable formulations (Seedher & Bhatia, 2003).

6.3. Hydrotrophy
Hydrotrophy was introduced by Carl neuberg in 1916, however, practically it was implicated by thoma
and colleagues in 1976 (Sekhon, 2005). In this approach a large amount of secondary substance is
added to improve the aqueous solubility of poorly water drugs. Hydrotropes comprise each associated degree, anionic cluster and a hydrophobic aromatic ring or ring system (Table 2). The anionic
cluster enhances the hydrophilicity; thus, the ring system cooperates with the substance to be
dissolved (Nidhi, Indrajeet, Khushboo, Gauri, & Sen, 2011). The mechanism involved in hydrotropy is
associated to complex formation that comprises interaction between lipophilic drug and therefore
the hydrotropic agents like urea, nicotinamide, sodium alginate and sodium benzoate (Zaheer,
Naveen, Santosh, & Imran, 2011) Hydrotropy is extensively used in the formulation of dry syrups of
poorly soluble drugs. Measurable assessments of poorly water-soluble drugs by UV–visible spectrophotometric analysis prevent the consumption of organic solvents and quantifiable assessments of
poorly water-soluble drugs by titrimetric analysis, such as ibuprofen and flurbiprofen.
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Table 2. Categorization of hydrotropes
S. no.

Group

Example

1

Aromatic anionics

Sodium benzoate, sodium
salicylate, sodium benzene
sulfonate, sodium benzene
disulfonate

2

Aromatic cationics

Para amino benzoic acid
hydrochloride, procaine
hydrochloride

3

Aliphatics and linear anionics

Sodium alkanoate

7. Conclusion
Bioavailability in a specific range is required for all therapeutic agents in order to achieve their
intended effects. The bioavailability can be achieved by directing the drugs to their specific site of
action, reducing the particle size, loading it into a potential drug carrier system and protecting
them from the tough environment of the GIT. Moreover, prolonging their release over intended
period of time and complexation with potential carries also enhance their bioavailability, resulting
in improved therapeutic effects. All these goals of enhancing the bioavailability of the poorly
water-soluble drugs can be achieved by using the advanced colloidal technologies.
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