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Abstract: Liquisolid technique also known as powdered solution technology is a novel concept used in the dissolution rate
of poorly water insoluble drugs. According to Biopharmaceutical Classification System (BCS), drugs are classified based on
their solubility and permeability. Class II and IV drugs have low solubility-high permeability, and low-solubility-low
permeability respectively. This issue of solubility has been a major challenge over the years especially for water-insoluble
drugs. Powdered solution technology involves the formulation of drugs by conversion of liquid drugs, drug suspension or drug
solution in non-volatile solvents, to form non-adherent, free flowing and compressible powder mixtures by blending the
solution with appropriate carriers and coating materials. A liquid layer is formed on the particle surface which is instantly
adsorbed by the coating material. This leads to the formation of a dry, free flowing and compressible powder. Coating material
is required to cover the surface and maintain the powder flowability. A powder of known quantity can only retain limited
amount of liquid medication while maintaining acceptable flowability and compressibility. A mathematical model has been
introduced for liquisolid system that desires to have an acceptable flowable and compressible properties. Two fundamental
properties characterize this model. They are the flowable liquid retention potential and the compressible liquid retention
potential.
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lot of research has been conducted into methods of
improving drug solubility and dissolution rates in order to
increase the oral absorption of hydrophobic drugs. Reduction
of particle size is one major way of improving dissolution
[4]. This reduction can be achieved by a common
micronization process called milling. It is a well-established
technique that is relatively cheap, fast and easy to scale up.
Size enlargement of drug particles with different polymers
and excipients is also another alternative to milling. The
compaction of drug with hydroxypropyl methylcellulose
(HPMC) and other hydrophilic polymers shows change in
crystal form and habit which in turn may change the
solubility, dissolution rate and other physicochemical

1. Introduction

Over the years, the oral route has been the most preferred
route for drug administration due to high patient compliance
[1]. In systemic circulation, solubility is one of the major
factors required to achieve the desired drug concentration [2].
Dissolution is the rate limiting step for poorly water soluble
drugs. The major challenge for these drugs is to enhance the
rate of dissolution and solubility, which in turn would
subsequently improve absorption and bioavailability [3].
About 50 % of orally administered drugs suffer from
formulation difficulties related to their water insolubility. A
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properties [5]. Other methods that have been employed to
improve the dissolution rate and bioavailability of water-
soluble drugs include:
1. Solubilization in surfactants
Micro-emulsion
pH adjustment
Co-solvents
Self- emulsification
Polymeric modification
Drug complexation
Particle size reduction
Solid solutions.
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1.1. Solubilization

This is the formation of a thermodynamically stable,
isotropic solution by the addition of a surfactant. The
micelles of the surfactant are responsible for the
solubilization of the substrate [6]. Solubilization is applied in
many industrial processes for the administration of insoluble
chemicals such as in drug administration, dying and
agrochemical applications [7]. Solubilization is also known
to increase the solubility of poorly water-soluble substance
using surfactants. The simple mechanism involves the
entrapment of molecules in micelles and the tendency of
surfactants to form colloidal aggregation at critical micelle
concentration levels. Increase in the concentrations of
micelles lead to increase in drug solubility. Some of the
commonly approved surfactants include: Polysorbate 20, 40
and 80, deoxycholate [8].

1.2. Microemulsion

A microemulsion is a thermodynamically stable fluid that
differs from kinetically stable emulsion which will separate
into oil and water over time. The particle size ranges from
10-300 nm. Due to their small size, they appear as either
clear or translucent solutions. Microemulsion may be broken
by a variety of mechanisms including use of chemicals or by
temperature change, but the simplest way is by dilution [9].
The particle size of microemulsion is measured by dynamic
light scattering or neutron scattering. They have ultra-low
interfacial tension between the water phase and the oil phase.

1.3. Co-solvents

Co-solvents are substances that are added to a primary
solvent in small amounts in order to increase the solubility of
a poorly soluble compound [10]. Co-solvents improve
solubility between non-miscible phases. A co-solvent
miscible in both phases and able to dissolve the solute is
added to form a homogeneous solution of water. Common
co-solvents used are: ethanol, propylene glycol, glycerine
and polyethylene glycols [11].

1.4. Self-Emulsification

Self-emulsification drug delivery systems (SEDDS) are
used to increase the solubility and bioavailability of poorly
soluble substances. SEDDS are composed of oil, surfactants
and cosolvents [12]. Self-emulsification is influenced by the
quality and nature of the concentration of surfactants,
oil/surfactant ratio, pH and temperature. A wide variety of
nanocarrier systems are prepared from SEDDS because their
scaling and manufacture are very simple [13]. Factors
affecting SEDDS include: dose and nature of drug, polarity
of the lipophilic phase. SEDDS preparation is very simple
and they are not affected by instabilities associated with
emulsions [14].

2. Liquisolid Technique and Components

Liquisolid technique is a novel concept used in the
dissolution rate of water insoluble drugs. Also known as
‘powdered solution technology’ it is applied to prepare water-
insoluble drugs into rapid release solid dosage forms. The
liquid drug, drug solution or drug suspension is transformed
into a free flowing, readily compressible and apparently dry
powder by simple physical blending with selected carrier and
coating materials [15]. The liquid drug in suitable non-
volatile liquid vehicle is incorporated into the porous carrier
material. A liquid layer is formed on the particle surface
which is instantly adsorbed by the coating material. This
leads to the formation of a dry, free flowing and compressible
powder [16]. Coating material is required to cover the surface
and maintain the powder flowability. It should be very fine
and highly adsorptive silica powders [17].

CLASSIFICATION OF LIQUISOLID SYSTEMS

Based on the formulation
technique used

)

Based on the type of liquid medication

<|

Liquisolid Liquisolid
compacts microsystems
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Powdered ( liquid drugs
drug

Powdered

drug
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Figure 1. Classification of liquisolid systems [17].
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2.1. Liquid Vehicle

The liquid vehicle used in liquisolid systems should be
orally safe, inert and less viscous. Examples of water-
miscible, non-volatile solvents commonly used include:
propylene glycol, glycerin, PEG-200 and 400 and
polysorbate 20 and 80 [18]. The solubility of a drug in a
liquid vehicle has a direct correlation with its dissolution rate.
The higher the drug solubility in the solvent, the greater the
fraction of molecularly dispersed drug [19]. Solvents
commonly employed in LS system have high-boiling point,
non-volatile in nature, water-miscible and not highly viscous
solvents properties. Propylene glycol (PG) is used to
solubilize and give homogenous dispersions of the active
component in the formulation. The choice of any liquid
vehicle depends on the aim of the study for dissolution
enhancement of a particular drug, the liquid vehicle that has
high ability to solubilize drug will be selected, while for
prolong drug release, the liquid vehicle with the lowest
capacity for solubilizing drug will be selected [20]. Some
reports have documented that in low concentration, liquid
vehicle can act as a binder [21].

2.2. Carriers

The carriers used in liquisolid systems should possess
porous surface and have high liquid absorption capacity [22].
In designing the formulation of liquisolid system, the
properties of carriers such as the liquid absorption capacity is
of great importance. Examples of carriers include:
microcrystalline cellulose (MCC), Neusilin® lactose, sorbitol
and starch, Fujicalin® Avicel pH 102 and 200, Eudragit RL
and RS. Large amounts of carriers are required for the
conversion of liquid medication into dry, free flowing and
compressible powder mixture [23]. The choice of a carrier
depends on its liquid, binding size, flowability of powders
and compressibility. Based on their chemical structure, they
are classified into four classes:

Table 1. Classification of carrier materials into four categories and their
surface area [24].

Carrier category Carrier Surface area (m%/g)

Cellulose and
cellulose derivatives

Microcrystalline

cellulose, hypromellose ~ 118

. Lactose, ~0.35
Saccharides Sorbitol ~037
Magnesium 110-300
Silicat aluminometasilicate
rucates Kaolin ~24
diosmectite
Anhydrous dibasic
; 30
calcium phosphate
Others Polymethacrylates ~0.60
Starch 10

Magnesium carbonates

2.3. Coating Materials

They possess fine and highly adsorptive properties.
Examples include Aerosil® 200, Neusilin®, calcium silicate.
They play a major role in covering the wet carrier particles to

form a dry non-adherent and free flowing powder by
adsorbing any excess liquid [24]. Neusilin® US2 can be used
as a coating and carrier material.

2.4. Additives

The most common additive used in liquisolid technique is
the disintegrant. They play a major role in the influence of
drug release (fast disintegration). Examples are sodium starch
glycolate, croscarmellose sodium, hydroprophyl cellulose
and polyvinylpyrrolidone (PVP), sodium starch glycolate,
hypromellose. Additives are known to incorporate high
amount of drug into liquisolid systems and thus reduce the
tablet weight [25].

3. Theory of Liquisolid Systems

A powder of known quantity can only retain limited
amount of liquid medication, while maintaining acceptable
flowability and compressibility. A mathematical model has
been introduced for liquisolid system that desires to have an
acceptable flowable and compressible properties. This model
was validated by Spireas and is used to calculate the
appropriate quantities of carrier and coating materials [26,
27]. Two fundamental properties characterize this model.
They are the flowable liquid retention potential and
compressible liquid retention potential (o value). These two
potential values represent the maximum quantity of liquid
vehicle that can be retained in the powder bulk without
compromising flowability and compressibility [27]. The
angle of slide is used to determine the @ value, while
plasticity (the maximum strength of a tablet with a tablet
weight of one gram) when compressed at sufficient
compression force is used to determine the o value. The
excipients ratio (R) is the ratio between the weights of carrier
(Q) and coating material (q). R = Q/q. An increase in
excipient ratio leads to decrease in the quantity of the coating
material and vice versa. Loading factor (Ly) is another term
associated with liquisolid technique. It is the weight ratio of
the liquid medication (W) and the carrier material (Q) in the
liquisolid system. Ly = W/Q [27].

3.1. Mechanisms Involved in Liquisolid Systems

3.1.1. Liquisolid Technique and Its Application

With the advent of combinatorial chemistry and innovative
high-throughput screening, knowledge concerning
physiochemical properties and biological factors of drug
candidates have been accumulate [28]. It has been reported
that about 40 % of the newly developed drugs and nearly 60 %
of the synthesized chemical entities suffer from solubility
issues [29]. A matter of concern for many pharmaceutical
scientists is to enhance the solubility and dissolution of these
poorly water-soluble drugs and improve their bioavailability.
The bioavailability of these Biopharmaceutical Classification
System class I (BCS II) drugs is often limited by their
solubility and dissolution rate [30].

Over the years, many suitable formulation approaches
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have been developed to increase the solubility of poorly
water soluble drugs. The most commonly used approach that
is deployed to improving the drug solubility is the
micronization technique [31]. The aggregation tendency of
micronized hydrophobic drugs makes it less effective to
circumvent the solubility problem especially for drugs
formulated as tablets [32]. Another approach used to improve
the solubility of drugs is the solid dispersion, although its
commercial application is very limited due to its poor
stability during storage and lack of understanding of its solid-
state structure [33]. Soft gelatin capsule formulation is
another technique employed to increase drug solubility, but it
is costly and requires sophisticated technologies [34]. Other
approaches include: inclusion complexation,
microencapsulation, preparation of nanosuspensions, self-
nanoemulsions and solid lipid nanoparticles [35].

Liquisolid technique was first introduced by [36] and

E@Q@
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Carrier Saturated with Liquid
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applied to incorporate water-insoluble drugs into rapid
release solid dosage forms. The liquisolid technique is
designed in such a way as to contain liquid medications
(liquid drugs, drug solutions or suspensions) in powdered
form and delivery drug in a similar way to soft gelatin
capsule containing liquids. Liquisolid technique is defined as
the process that converts liquid medications into dry, non-
adherent free flowing and compressible powder mixtures by
blending the liquid medications with suitable excipients such
as carriers and coating materials [35]. The liquid medication
is first absorbed into the interior framework of the carrier.
Once the interior of the carrier is saturated with liquid
medication, a liquid layer is formed on the surface of carrier
particles, which is adsorbed by the fine coating materials.
This leads to the formation of a free flowing and
compressible powder mixture [36]. Figure 2 illustrates the
mechanism of liquisolid system formation.

) =

Addition of
coating particles
Conversion from
a wet to dry
surface

Schematic representation of Liquisolid System

Figure 2. Mechanism of liquisolid system formation [36].

In the formulation of liquisolid tablets, orally safe and
water-miscible organic solvents with high boiling point such
as propylene glycol and polyethylene glycol (PEG) 400 are
used as the liquid vehicle [37]. Porous materials that have
large surface area and high liquid absorption capacity to
absorb liquid medication are referred to as carriers. Examples
of coating materials used in formulation are silica powder,
cellulose starch, lactose and Neusilin®. Although the drug
within liquisolid system is in a solid state, it exists in a
completely or partly molecularly dispersed state [38]. A
liquisolid system may exhibit enhanced aqueous solubility,
increased dissolution rate, improved wetting properties and
retard drug release. Solubility enhancement and improvement
of bioavailability is one of the major challenges associated
with pharmaceutical dosage forms. Table 2 shows the
descriptive terms for solubility according to Indian
pharmacopoeia.

Table 2. Descriptive terms for solubility according to Indian Pharmacopoeia

[39].

Parts of solvent required to dissolve

N D iptive t
i escriptive terms one part of solute

4 Sparingly soluble >30 but < 100

5 Slightly soluble >100 but < 1000

6 Very slightly soluble >1000 but < 10,000
7 Insoluble > 10,000

Parts of solvent required to dissolve

N D iptive t
S/ escriptive terms e

1 Very soluble <1
2 Freely soluble >1 but <10
3 Soluble >10 but <30

3.1.2. Advantages of Liquisolid Systems [40]

1. It is suitable for the formulation of slightly water-
soluble, very slightly water-soluble and practically
water-insoluble drugs.

2. It is suitable for the formulation of sustained release
drugs that exhibit zero order release pattern.

3. It is suitable for the formulation of liquisolid tablets
with pH independent drug release profiles.

4. Tt is suitable for improving the drug photo stability in
solid dosage forms.

5. The excipients commonly used are available and cost-
effective.

6. It is a simple technique similar to conventional solid
dosage forms.

7. Tt is suitable for large scale production of tablets and
capsules.

8. Improvement of bioavailability of an
administered water insoluble drug is achieved.

9. Production coast is low compared to soft gelatin

orally
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capsules.

10.Drug is formulated in a tablet form or encapsulated
dosage form and is held in solubilized liquid state,
which confers developed or improved drug, wetting
properties thereby improving drug dissolution profiles.

11.Greater drug surface is exposed to the dissolution
medium

12.The liquisolid system could be formulated into
immediate release or sustained release dosage forms.

13.Drugs can be molecularly dispersed in the formulation.

14.Capability of industrial production is possible.

15.They omit process approaches like nanonization and
micronization techniques.

3.1.3. Disadvantages of Liquisolid Technique [40]

1. Itis not suitable for high dose water insoluble drugs.

2. A high solubility of drug in liquid vehicle is required to
prepare liquid solid systems.

3. If more amount of carrier is added to produce free
flowing powder, it will increase the weight of the
tablet, thus making it difficult to swallow.

4. During compression, liquid drug may be squeezed out
of the liquisolid tablet, making it difficult to achieve an
acceptable compression properties.

Solid drug

+

Non volatile

S

Drug in solution

5. Difficulty associated in mixing small quantities of
viscous liquid solutions onto large amount of carrier
materials.

3.1.4. Preparation Procedure of Liquisolid System

The actual amount of drug and liquid vehicle are mixed
together and heated or sonicated for complete solubilization.
According to Spireas and Bolton [40], there are three steps
involved in the mixing process of the resulted liquid
medication with other excipients used in the liquisolid
formulation.

1. The calculated liquid medication is poured onto a given
quantity of carrier material and blended at an
approximate mixing rate of one rotation/sec for 1 min
for homogenous distribution.

2. The prepared powder mixture is spread as a uniform
layer on the surface of a mortar and left standing for 5
min for complete absorption of the drug medication
into the carrier and coating materials.

3. Addition of disintegrant to the above mixtures which
forms the final liquisolid system. The liquisolid system
formed is subsequently compressed as a tablet or
encapsulated in a capsule.

Liquid drug

Liquid med

l —

Liquisolid system
¢

. Final formulation

Tabletting or
encapsulation

Addition of other

excipients —-

ication
§

Coating material

Figure 3. Preparation procedures of liquisolid system [41].

3.2. Application of Liquisolid Technique

3.2.1. As a Tool to Enhance Drug Dissolution

The dissolution rate of low dose insoluble drugs have been
improved using the liquisolid technique. Examples of such
drugs include: prednisolone, famotidine, valsartan,
ketoprofen, raloxifene hydrochloride, clonazepam and
clofibrate [42]. According to [43], they prepared liquisolid

pellets for disoolution enhancement of felodipine [43]. The
results they obtained showed clearly that it is possible to
obtain liquisolid pellets as novel drug delivery systems to
improve the dissolution rate of poorly water soluble drugs.
According to [44] they developed the liquisolid system to
enhance the dissolution rate of hydrochlorothiazide in
comparison to the solid dispersion technique [44]. The results
obtained indicated that the liquisolid system enhanced the
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drug dissolution rate to 95 %, while the solid dispersion
enhanced it to 88 %. Thus they concluded that the liquisolid
technique was more effective in improving the rate and
extent of drug release than the solid dispersion technique.
The dissolution of tadalafil a water soluble drug was
improved by employing the liquisolid technique [45]. The
result obtained showed that there was a reduction in the
particle size and crystallinity, and an enhancement of the
wettability.

3.2.2. As a Tool to Sustain Drug Release

Liquisolid technique is one of the techniques used to
enhance the dissolution rate of poorly-water-soluble drugs. It
is also used in the preparation of sustained release
formulations of different drugs [46]. This is to achieve a zero
order release kinetics [47]. Many attempts have been made to
optimize the sustained release liquisolid formulations.
Propranolol hydrochloride was investigated by [48] in order
to improve its feasibility. Polysorbate 80 was used as one of
the excipients and it played a major role in sustaining drug
release. Also the effect of non-volatile co-solvent played a
major role in prolonging drug release. The type of liquid
vehicle was observed to affect drug release significantly [49]
reported that venlafaxine hydrochloride liquisolid tablets
exhibited greater retardation effect compared with the
directly compressed tablets.

3.2.3. As a Tool to Minimize the Influence of pH Variation
on Drug Release

Ionization constant (pka) and pH have a role to play in the
solubility of weak acids and bases. The pH of the
gastrointestinal ~ fluid  affects the dissolution and
bioavailability of these drugs. [50], studied the effect of
liquisolid technique on laratidine and the effect of pH
variation on the drug. They prepared several liquisolid
formulations using propylene glycol, MCC and silica as a
liquid vehicle carrier and coating tablets were significantly
higher and less affected by pH variation in comparison with
the directly compressed and marketed tablets. [51], studied
mosapride citrate, a poorly weak base. They discovered that
it minimized the effect of pH variation on drug release on the
gastrointestinal tract.

3.2.4. As a Tool to Improve Drug Photostability in Solid
Dosage Forms

The principle behind photoprotective action of liquisolid
technique is based on the photoprotective property of silicon
dioxide (a common coating material used in formulation) due
to its high refractive index and the ability to diffract light
waves of different energies. [52], studied the effect of drug
photostability on amlodipine (a photosensitive drug) using
liquisolid technique as against the conventional coating
technique. Different amlodipine formulations were prepared
and the carrier material that was used was Avicel pH 102.
Amorphous silicon and titanium dioxide were used in
combination as coating material. The drug formulations were
irradiated with visible light for eight hours in comparison
with the conventional film coating tablets and drug alone.

They observed that the liquisolid formulations showed
significant photo protective effect with a residual drug
percentage of 97.3 % compared to 73.8 % for the drug alone
after 8 hours of irradiation. This conclusion was drawn from
the fact that liquisolid technique was proven to be a
promising alternative to conventional coating for improving
drug photo stability in solid dosage forms.

4. Conclusion

The liquisolid technology has shown to be the most
promising approach for improvement in solubility and
bioavailability of water insoluble drugs. It is a simple
manufacturing process with low production cost and the
possibility of industrial manufacture due to the good flow
and compaction properties.

Conflict of Interest

The authors declare no conflict of interest.

References

[1] Naseem A, Oliff C J, Martini LG, Lloyd AW, Effects of
plasma irradiation on the wettability and dissolution of
compacts of griseofulvin Int. J. Pharm., 2004; 269, 443-450.

[2] Wong SM, Kellaway IW, Murdan S, Enhancement of the
dissolution rate and oral absorption of a poorly water soluble
drug by formation of surfactant-containing microparticles Int.
J. Pharm., 2006; 317, 61-68.

[3] Saleki-Gerhardt A, Ahlneck C, Zografi G, Assessment of
disorder in crystalline solids, Int. J. Pharm., 1994; 101, 144.

[4] Iskandarsyah, Fudholi A, Riswaka, S. The effect of two
cellulose derivatives as solid dispersion carriers on physical
properties and dissolution rate of dexamethasone tablets. Maj
Farm Indones 1999; 10 (1): 1-8.

[S1 Sugimoto M, Okagaki T, Narisawa S, Koida Y, Nakajima K.
Improvement of dissolution characteristics and bioavailability
of poorly water-soluble drugs by novel co- grinding method
using water-soluble polymer. Int J Pharm. 1998, 160. 11-19.

[6] Edward Lay, Wilmington E. Handbook of modern
pharmaceutical science in separation science and technology.
2021; 173-233.

[7] Javadzadeh Y, Siahi-Shadbad, M. R, Barzegar-Jalali M,
Nokhodchi A. Enhancement of dissolution rate of piroxicam
using liquisolid compacts. Farmaco 2005, 60: 361-365.

[8] Javadzadeh Y, Siahi M. R, Asnaashari S, Nokhodchi A. An
investigation of physicochemical properties of piroxicam
liquisolid compacts. Pharmaceutical Development &
Technology 2007, 12: 337-343.

[9] Johannes KF. Dispersions, emulsions and foams. Petroleum
Engineer’s guide to oil field chemicals and fluids. 2012; 165-174.

[10] Chueluecha Nut, Kaewchada Amarapom, Jaree Attasak.
Enhancement of biodiesel synthesis using co-solvent in a
packed-microchannel. Journal of industrial and engineering
chemistry 2017; 51: 162-171.



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Science Frontiers 2023; 4(2): 17-24 23

Badadha S, Dalavi N. Review on self nano-emulsifying drug
delivery system. Sys Rev. Pharm. 2022; 13: 63-68.

Betageri GV. Self-emulsifying drug delivery systems and their
marketed products. A review. Asian J. Pharm. 2019; 13: 73-84.

Cherniakov I, Domb AJ, Hoffman A. Self nano-emulsifying
drug delivery systems: an update of the biopharmaceutical
aspects. Expert Opin Drug Deliv. 2015; 12 (7): 1121-33.

Javadzadeh Y, Musaalrezaei L, Nokhodchi A. Liquisolid
technique as a new approach to sustain propranolol
hydrochloride release from tablet matrices. Int J Pharm 2008;
362: 102-108.

Nokhodchi A, Aliakbar R, Desai S. Liquisolid compacts: the
effect of cosolvent and HPMC on theophylline release.
Colloids Surf B Biointerfaces 2010; 79: 262-269.

Pavani E, Noman S, Syed IA. Liquisolid technique based
sustained release tablet of trimetazidine dihydrochloride. Drug
Invention Today 2013; 5: 302-310.

Charman SA, Charman WN. Oral modified release delivery
systems. In: Rathbone MJ, Hadgraftb J, Roberts MS, editors.
Modified release drug delivery technology. NewYork: 20p. 1—
9.

Saeedi M, Akbari J, Morteza-Semnani K. Enhancement of
dissolution rate of indomethacin using liquisolid compacts.
Iran J Pharm Res 2011; 10: 25-34.

Karmarkar AB, Gonjari ID, Hosmani AH. Dissolution rate
enhancement of fenofibrate using liquisolid tablet technique.
Lat Am J Pharm 2009; 28: 219-225.

Hentzschel CM, Sakmann A, Leopold CS. Suitability of
various excipients as carrier and coating materials for
liquisolid compacts. Drug Dev Ind Pharm 2011; 37: 1200—
1207.

Nokhodchi A, Hentzschel CM, Leopold CS. Drug release
from liquisolid systems: speed it up, slow it down. Expert
Opin Drug Deliv 2011; 8: 191-205.

Fuji Chemical Industry Co., Ltd. 20Fujicalin® — The unique
DCPA. Available from:
http://www.fujicalin.com/product/general properties.php.
[Accessed 28 March 2016].

Fuji Chemical Industry Co., Ltd. 20Neusilin ® — The specialty
excipient. Available from:
http://www.neusilin.com/product/general properties.php.
[Accessed 28 March 2016].

Vranikova B, Gajdziok J, Vetchy D. Determination of
flowable liquid retention potential of aluminometasilicate
carrier for liquisolid systems preparation. Pharm Dev Technol
2015; 20: 839-844.

Spireas S, Bolton SM. Liquisolid systems and methods of
preparing same. US5968550, 1999.

Spireas S. Liquisolid system and method of preparing same.
U. S Patent 6423339B1, 2002.

Spireas SS, Jarowski CI, Rohera BD. Powdered solution
technology: principles and mechanism. Pharm Res 1992; 9:
1351-1358.

Kadam SV, Shinar DM, Saudagar RB. Review on solubility
enhancement techniques. Int J Pharm Biol Sci 2013; 3: 462-

[29]

[30]

[31]

[32]

[35]

[38]

[39]

[42]

[43]

[44]

[45]

75.

Srujan Kumar M, Balaji A, Kanakaiah K, Mahalakshmi K.
Liquisolid compacts: a novel approach for the enhancement of
solubility of poorly soluble drugs. Indo Am J Pharm Res 2013;
3:4386-95.

Pezzini BR, Beringhs AO, Ferraz HG. Liquisolid technology
applied to pellets: evaluation of the feasibility and dissolution
performance using felodipine as a model drug. Chem Eng Res
Des 2016; doi: 10.1016/

Shashidher B, Madhusudhanrao Y, Venkateswarlu V. The
liquisolid technique: an overview. Braz J Pharm Sci 2011; 47:
475-82.

Kulkarni AS, Nagesh HA, Madhav SM, Jayashree BG.
Liquisolid system: a review. Int J Pharm Sci Nanotechnol
2010; 3: 795-802.

Manpreet K, Rajni B, Sandeep A. Liquisolid technology: a
review. Int J Adv Pharm Sci 2013; 4: 1-5.

Doijad RC, Pathan AB, Gaikwad SS, Baraskar SS, Pawar NB,
Maske VD. Liquisolid: a novel technique for dissolution
enhancement of poorly soluble drugs. Int J Curr Pharm Res
2012; 3: 735-49.

Vijaykumar N, Sridhar T, Anilkumar C, Pragathi K.
Enhancement of oral bioavilability of naproxen by liquisolid
compaction technology: in vitro, in vivo evaluation. Indo Am J
Pharm Res 2013; 3: 1359-69.

Bhumi BP, Chainesh NS. Recent research on liquisolid
technology for solubility enhancement-a review. Int J Adv
Pharm 2016; 5: 1-7.

Harshil MP, Chainesh NS. A review-recent research on
liquisolid compact for solubility and dissolution enhancement.
J Pharm Sci Biosci Res 2016; 6: 628-34.

Khames A. Liquisolid technique: a promising alternative to
conventional coating for improve ment of drug photostability
in solid dosage forms. Drug Deliv 2013; 10: 1335-1343.

Sandip V, Vishal S, Nilesh G, Bakde BV. Effect of dissolution
rate by liquisolid compact approach: an overview. Int J] Chem
Pharm Sci 2012; 1: 1013-8.

Vijaykumar N, Ramarao T, Jayaveera KN. Liquisolid
compacts: a novel approach to enhance bioavailability of
poorly soluble drugs. Int J Pharm Biol Sci 2011; 1: 89-102.

Ganesh NS, Deecaraman, Vijayalakshmi KNS, Raju L,
Ramesh B. Formulation and evaluation of sustained release
lornoxicam by liquisolid technique. Int J Pharm Sci Rev Res
2011; 11: 53-7.

Surti N, Patel DS, Pipaliya RM. Liquisolid tablets for
dissolution enhancement of a hypolipidemic drug. Indian J
Pharm Sci 2015; 77: 290-8.

Meena K, Sneha M. A review on pioneering technique-
liquisolid compact and applications. Res J Pharm Biol Chem
Sci 2015; 6: 220-7.

liquisolid tablet technique. Eur J Pharm Biopharm 2008; 69:
342-347.

Gubbi SR, Jarag R. Formulation and characterization of
atorvastatin calcium liquisolid compacts. Asian J Pharm Sci
2010; 5: 50-60.



24

[46]

[47]

[49]

Andrew Chekwube Ezegbe ef al.: A Review on Liquisolid: A Novel Technique for Enhancement of Solubility and
Bioavailability of Poorly Water-Insoluble Drugs

Karmarkar AB, Gonjari ID, Hosmani AH. Evaluation of in
vitro dissolution profile comparison methods of sustained
release  tramadol  hydrochloride  liquisolid  compact
formulations with marketed sustained release tablets. Drug
Discov Ther 2010; 4: 26-32.

Singh SK, Srinivasan KK, Gowthamarajan K. Influence of
formulation parameters on dissolution rate enhancement of
glyburide using liquisolid technique. Drug Dev Ind Pharm
2012; 38: 961-970.

Javadzadeh Y, Jafari-Navimipour B, Nokhodchi A. Liquisolid
technique for dissolution rate enhancement of a high dose

water-insoluble drug (carbamazepine). Int J Pharm 2007; 341:
26-34.

Spireas S, Sadu S. Enhancement of prednisolone dissolution

[50]

[51]

properties using liquisolid compacts. Int J Pharm 1998; 166:
177-188.

Fahmy RH, Kassem MA. Enhancement of famotidine
dissolution rate through liquisolid tablets formulation: in vitro
and in vivo evaluation. Eur J Pharm Biopharm 2008; 69: 993—
1003.

Komala DR, Janga KY, Jukanti R. Competence of raloxifene
hydrochloride loaded liquisolid compacts for improved
dissolution and intestinal permeation. J Drug Deliv Sci
Technol 2015; 30: 232-241.

Sanka K, Poienti S, Mohd AB. Improved oral delivery of
clonazepam through liquisolid powder compact formulations:

in-vitro and ex-vivo characterization. Powder Technol 2014;
256: 336-344.



