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ABSTRACT
Many techniques can be used to improve drug solubility, which is the development of the
liquisolid technique. This technique has a mechanism for increasing the surface area of the
drug as well as wetting from the addition of non-volatile solvents resulting in a lower surface
tension and contact angle, so the solubility and drug release very increases. Liquisolid tablets
show a lower contact angle compared to the conventional tablets. The liquisolid technique
approach is also promising because the process is simple in making low production costs and
allows the manufacturing industry, including non-volatile solvents, fillers, dryers, and
disintegrants. Liquisolid characterized by specific instruments such as powder x-ray
diffraction (PXRD), Fourier transforms infrared spectroscopy (FTIR), differential scanning
calorimetry (DSC), and scanning electron microscope (SEM). Several liquisolid techniques
are described in this review. The liquisolid technique is proven and able to change the
physicochemical properties of active pharmaceutical ingredients, especially the solubility,
drug release, and stability of the formula so that this technique can be a solution for class II
and IV BCS pharmaceutical active drug classes.

Keywords: Active Pharmaceutical Ingredients, Contact Angle, Solubility, Drug Release,
Stability, Liquisolid Technique.

Nomenclature
BCS = Biopharmaceutical Classification System
R = Additional Ingredients
Q = Carrier Ingredients
W = Liquis Medication
Lf = Load Factor
Q = Coating Material
ɸLf = Liquid Load Factor
APS = Accelerated Preditive Stability
PXRD = Powder X-Ray Diffraction
FTIR = Fourier Transform Infrared Spectroscopy
DSC = Differential Scanning Calorimetry
SEM = Scanning Electron Microscope
HPLC = High Performance Liquid Chromatography
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1. Introduction
The administration of drugs through the most

common and convenient oral route preparations,
so that the market is most desirable and many
pharmaceutical products are circulating on oral
route preparations, except for the oral route
preparation the characteristics of active ingredients
are required which have adequate solubility and
permeability (1). These characteristics are
influenced by pH, particle size, surface properties,
polarity, log P, and D (coefficient distribution)
(2,3), so there is something new to increase the
solubility of active ingredients, among others,
namely: solid dispersion (4), nanoparticle
technology (5), cocrystals (6), and micronization
(7). Each of the above methods has the
disadvantage that there will be a phase separation
in the product (into a crystalline form) during the
storage process so that it can result in a decrease in
solubility and dissolution (solid dispersion) (8,9).
The agglomeration force of the micro size
hydrophobic drug becomes ineffective, especially
when the drug is formulated in a tablet or
encapsulate (micronization) (7).

The method of increasing solubility applies to
class II BCS (low solubility, high permeability)
and class IV (low solubility, low permeability),
drugs that have low solubility have a negative
effect that is low absorption, the effectiveness of
the drug decreases and the dose needed will also
increase (10). One of the technological challenges
for increasing solubility and improving
permeability, especially in class IV BCS, one of
the simple methods and sophisticated strategies to
improve solubility developed by Spireas (2002),
namely the liquisolid technique.

The liquisolid technique is used to increase the
solubility of active ingredients. It is carried out
with non-volatile solvents into a mass of
suspension and converted into an easy-flowing
powder so that it can be applied to class II and IV
BCS (11). The purpose of this review is to gather
information about the liquisolid technique as a
solubility enhancer in class II and class IV BCS.

2. Methodology
The journals used in this review are from

international and national journals. The search
strategy is used directly to search for journals
online. Journal search websites such as
ScienceDirect, NCBI, PubMed, and Researchgate
using the keyword “Liquisolid.” A review of the
liquisolid technique international and national
journals from the past eighteen years (2002-2019).

3. Discussion
3.1 Definition of Liquisolid Technique

The liquisolid technique consists of non-volatile
solvents, which can be liquid drug solvents; the
drug suspension enters into a porous carrier
material. After the carrier is saturated with liquid,
the layer is formed on the surface of the particles,
which are directly absorbed by the fine particles
and appear to look dry (12). So that drug release
can be optimized and allow the absorption of drugs
to be increased in the digestive tract, and thus, oral
bioavailability becomes higher (13,14). In addition
to an increase in drug release, the liquisolid
approach is also promising because the process is
simple in making low production costs, and allows
the manufacturing industry to use the liquisolid
technique (15).

The total literature used for
the review of liquisolid
technique journals is 86
journals screening

Journal based on exclusion
criteria were 33 journal
Review article (n=3)
Commentary (n=1)
Journal based on inclusion
criteria were 49 journals

Total literature for study of
result and discussion of 20
journals
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This technique is needed first to calculate the
amount of material needed, such as a powder filler
(carrier and coating material), a mathematical
approach is needed for the formulation of the
liquisolid system that has been developed (12).
This calculation depends on the ratio of the
additional material (R) to the liquisolid technique
that can be achieved if the addition of carrier fluid
is not excessive. The ratio between the liquid
medication (W) and carrier material (Q) is known
as the liquid load factor (Lf).= / Equation 1

R is the ratio between the weight of the carrier
material (Q) and the coating material (q) in the
formula

= / Equation 2

Liquid load factors that still produce smoothly
flowing mixtures (ɸLf), can be determined by the
formula :

= Φ+ (1) Equation 3

With the desired amount of liquid, the amount
of carrier and coating material can be calculated if
the liquid loading factor is known (12).

Figure 1. The core is involved in the development of the liquisolid technique (16).

Mechanism of Increasing Drug Release in the
Liquisolid Technique

1. There is an increase in the surface area of the
drug when the medicinal material is in the mass
of liquisolid (Suspension) and is completely

dissolved in a non-volatile solvent and will be
in a state of molecular dispersion in the powder
mixture. It causes the surface area of the
medicinal material to be released to be
increased (12).

API + non-
volatile solvent

Carrier
Material

Adsorbent

Mixture (Easy to
flow)

Adsorbent will adsorb the
solvent content from the
mixture
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2. There is an increase in drug solubility in the
water when non-volatile solvents are used on
the solid or liquid interface of a liquisolid
particle and dissolution medium so that it
allows in micro liquid carriers to emerge from
liquisolid particles along with drug molecules
that will increase drug solubility in water if the
non-volatile solvent used acts as a co-solvent
(12).

3. There is an increase in the wetting process, and
non-volatile solvents can act as surfactants and
have a low surface tension so that the wetting of
liquisolid primary particles can be increased.
Wetting on the liquisolid technique can be seen
by looking at the contact angle and increasing
water demand (17). Liquisolid shows a lower
contact angle compared to conventional tablets
(18,19).

A B
Figure 2. Depiction of the contact angle of a
conventional and liquisolid tablets A
(Conventional Tablet) B (Liquisolid Tablet) (20).

3.2 The Mechanism for the Release of Next
Drugs from the Liquisolid Technique

Replacing common hydrophilic carriers with
hydrophobic carriers can cause low wetting,
resulting in slow disintegration, and thus will
expand drug release. It was observed that there
were no changes in drug crystals or complex
formation that occurred during the process of the
liquisolid technique (12).

3.3 Composition of Making Liquisolid Tablets

Liquisolid contains active medicinal
ingredients, fillers, coating materials, non-volatile
solvents, and disintegrants

1. Active ingredients
The active ingredients used from BCS class II

and IV were selected as potential drugs for the
liquisolid system. Causes an increase in the
solubility of the active ingredients, for example,

prednisolone, hydrocortisone, carbamazepine,
piroxicam, taxol, hydrochlorothiazide,
griseofulvin, and furosemide (21).

2. Filler material
The filler material must have hydrophilic

properties or excellent absorption properties and
maintain compressibility properties, for example,
avicel PH102 and lactose monohydrate (22).

3. Coating Material
The coating material is used to absorb excess

liquid and produce free-flowing dry powder, for
example, aerosil 200, cab-o-sil M5, and siloid
(23).

4. Non-volatile solvent
The non-volatile solvent used should be inert,

the viscosity is not too high, has a high boiling
point, and has solubilization both for the drug
used, for example, glycerin, polysorbate 80,
propylene glycol, polyethylene glycol 200 and 400
(17).

5. Disintegrant
Disintegrants are agents that can enhance alkali,

for example, SSG, cross-povidone, and sodium
salt (24).

3.4 Basis of Thought of Engineering
Development in Liquisolid Technique

Liquisolid technology develops and meets all
the requirements needed to increase the solubility
of drugs that are insoluble or have low solubility.
The solubility mechanism is improved for drugs
that are insoluble and will experience an increase
in the wetting properties and reduce the surface
tension between the release media. The tablet has
also been developed to form the release of tablets
slowly and show good results due to simplicity,
effectiveness, and cost-feasibility of commercial
feasibility with promising results that many
researchers have done (34).

3.5 Factors Affecting the Development of
Liquisolid Technique

Liquisolid technology structural components
begin with the absorption or adsorption of liquid
drugs or active ingredients with non-volatile
solvents or into carrier materials. The role of
solvents is to increase drug release quickly and
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make it easier to analyze release data obtained
with a difference of weight in the nature and type
of carrier used. All carrier materials used are

porous, are highly hydrophilic and hygroscopic,
with liquid drug principles. The first process will
be absorbed to the surface with the presence of a

Table 1 Variation of various non-volatile solvents in the development of the liquisolid technique

mixed carrier material, and the absorption of liquid
drugs absorbed through the pores can disintegrate
the liquisolid formulation. Thus the dissolution
process can be associated with the following
mechanism:

1. Movement of release media through the carrier
pores

2. Movement of release media by solubilization of
the carrier material to the core

3. Release or diffusion or transfer of dissolved
drug molecules in amounts (35).

3.6 Characterization of Liquisolid
Characterization of Physics
Powder X-Ray Diffraction (PXRD)

Liquisolid characterization can be predicted in
several stages; first, knowing whether the mixture
of liquisolid can have an amorphous form that can
increase drug release. Second, determine the
interaction of the active ingredients used with the
addition of excipients (16). Liquisolid
characterization includes physical characterization
and physicochemical characterization. Liquisolid
characterization uses diffraction powder x-ray.

Powder X-Ray Diffraction (PXRD) is used to
measure diffraction patterns of crystalline
materials. Each active ingredient will produce a
specific pattern depending on the crystal lattice
structure. Any polymorph, salt, or crystalline
material will have a specific pattern. For this
reason, PXRD inactive ingredients can be carried
out in controlled environment conditions, using
heat or controlled humidity environments to
simulate Accelerated Predictive Stability (APS)
conditions to assess the risk of conversion of any
form, for example, Hydration or dehydration.
Also, it can be used to determine whether there are
crystal shape changes, for example, Hydration and
disproportion of salt, in medicinal products that
have occurred during the APS study. This depends
on the presence of a diffraction peak, which can be
detected both from the form of the active
ingredient and the form that can be converted at
the formulated level. Also, the peak of the active
ingredient must be distinguishable from the peak
of any crystalline excipient. PXRD can be used as
a qualitative and quantitative assessment of the
crystallinity level of pure active ingredients (36).

The results of the liquisolid PXRD formula
changes between the active ingredients after the

No Non-volatile Solvent Reference
1 Propylene Glycol (25)
2 Poly (Ethylene glycol) 400 (26)
3 Poly (Ethylene glycol) 300 (15)
4 Poly (Ethylene glycol) 200 (27)
5 Poly (Ethylene glycol) 600 (27)
6 Glycerine (28)
7 Polyoxy-35-castor oil (29)
8 Poloxamer 181 (30)
9 Propylene Glycol monocaprylate (31)
10 Propylene Glycol dicaprylocaprate (26,31)
11 Diethylene glycol monoethyl ester (31)
12 Polysorbate 20 (32)
13 Polysorbate 80 (25)
14 Olive oil (26)
15 Polyvinil Acetate (33)
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addition of excipients in the liquisolid technique,
which decreases the degree of crystallinity, thus
forming amorphous, the liquisolid formula can
increase drug release (37).

Figure 3. PXRD A) Pure Clonazepam B) MCC
pH 102 C) Aerosil® 200 D) Sodium Starch
Glycolate E) Clonazepam Optimization Liquisolid
(37).

Fourier Transform Infrared Spectroscopy
(FTIR)

Fourier Transform Infrared Spectroscopy
(FTIR) is used to determine the shape of amino
acid side chains, water molecules, and changes in
group frequency vibration function (38). The
results of FTIR in the liquisolid formula showed
pure IR spectra of candesartan cilexetil (A) and
liquisolid (B) formulas shown in Figure 4, show a
special peak at 1080 cm-1 due to smooth
stretching relationships, 1752 cm-1 because - C =
O stretching ions carboxyl and at 1351 cm-1 due
to aromatic CN stretching occurs. The FTIR
spectrum of liquisolid compacts was shown the
same peak characteristics overriding the possibility

of chemical interactions between drugs and
excipients used in the formulation (39).

Figure 4. FTIR Spectrum (A) of Candesartan
Cilexetil and (B) Liquisolid Formula (39).

Differential Scanning Calorimetry (DSC)

Differential Scanning Calorimetry (DSC) is a
thermal technique where the difference in the
amount of heat needed to increase the temperature
of a sample is, for example, heat capacity material,
measured as a function of temperature. In the
context of APS, it is useful to detect phase
transitions such as melting, glass transitions, and
changes in the polymorph of active ingredients and
excipients, and this transition can be detected as
endothermic or exothermic peaks, or as a step in
changing material heat capacity. The occurrence of
thermal events such as these at temperatures in the
experimental design of APS is an important
warning for the behavior of non-representative
inherent stability (36). The results of the DSC in
the liquisolid formula with the ratio of pure active
ingredients and other excipients showed that the
liquisolid formula was not found in the crystalline
form compared to the pure active ingredient (37).

Scanning Electron Microscope (SEM)

Scanning Electron Microscope (SEM) is used
to determine the surface structure or morphology
of a sample to produce a different form between
the active material and the modified result. The
results of the SEM in the liquisolid formula
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showed a change in the pure active ingredients
with the results of the liquisolid formula, the
results of the liquisolid formula of surface
morphology were not found in crystalline form but
rather in the form of amorphous (25).

Figure 5. Thermograms DSC A) Pure
Clonazepam B) MCC pH 102 C) Aerosil® 200 D)
Sodium Starch Glycolate E) Clonazepam
Liquisolid Optimization (37).

Physicochemical Characterization
The Solubility of Liquisolid with Non-Volatile
Solvents

Solubility is the maximum amount of substance
that can be completely dissolved in a certain
amount of solvent, the solubility of a substance
becomes very important in the pharmaceutical
field because solubility is the main factor that can
control the bioavailability of an active ingredient,
provide information about the structure of drug
substances and know the interactions between
molecules (40). The methods used to improve the
solubility of active ingredients that are difficult to
dissolve in water include solid dispersion,
nanoparticle technology, nanosuspension,
nanoemulsion, microencapsulation,

microemulsion, cosolvent, particle size reduction,
and cocrystals.

Figure 6. SEM (A) pure drug pioglitazone, (B)
Optimized liquisolid formulation (25).

Based on table 2, it can be seen that the active
ingredients used with non-volatile solvents can
increase solubility up to 200 mg / mL in the active
ingredient candesartan cilexetil using polysorbate
80 solvent. It could be said that with an increase in
solubility using non-volatile solvents, several
liquid carriers leave the liquisolid particles
together with drug molecules, which will increase
the solubility of the drug in water if the non-
volatile solvent used acts as a co-solvent (12).
Non-volatile solvents must have a viscosity that is
not too high, has a high boiling point, and has
good solubilization (19). There is the wetting of
non-volatile solvents that enter the particles of the
active ingredient.
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Release of Drug Liquisolid

Drug release occurs when experiencing
absorption after oral administration. Drug release
after administration often becomes limited due to
drug instability and low membrane permeability.

The rate of absorption of the drug depends on the
physico-chemical properties of the drug, the
addition of excipients, types of excipient,
formulations and physiological conditions, and
methods that can influence dissolution rates (43).

Table 2. The Comparison of solubility of liquisolid with non-volatile solvents

Table 3. The Comparison of the release of conventional drugs and liquisolid formulations

Based on table 3, it can be seen that the
comparison of drug release between conventional
drugs and liquisolid formula shows that the
liquisolid formula has a high release percentage,
this occurs because of the addition of constituent
excipients and the addition of non-volatile solvents
thereby reducing drug aggregation and increasing
dissolution and occurring rates wetting process of
non-volatile solvents which acts as a surfactant
and has a small surface tension so that wetting of
liquisolid particles can be increased. An increase

in drug release can increase permeability in the
membrane (22). With an increase in drug release,
further testing of the physical and chemical
stability of drugs is an important parameter.
Stability is defined as the ability of the product to
maintain within a specific time limit or time during
the period of storage and use the same
characteristics, and characteristics during the
testing process (43).

No
Active

ingredients Solvent
Solubility

(mg/mL) Reference

1 Pioglitazone PEG 400 83 ± 2,29 (25)
2 Azilsartan

medoxomil
Water 78,85 (26)

3 Meloxicam PEG 400 7,75 (28)
4 Griseofulvin Cremophor®EL 4,961 (33)
5 Atorvastatin-

Glipizide
Propylene glycol 92,87 (41)

6 Valsartan Propylene glycol 109,23 (27)
7

Piroxicam
Polysorbate

80+PEG 400
21,73 (42)

8 Clonazepam Propylene glycol 6,48 (37)
9 Candesartan

cilexetil
Polysorbate 80 200,54 (39)

10 Naproxen PEG 400 12,09 (30)

No Active
Ingredients

Comparison of drug release
ReferenceConventional

Drug
Liquisolid

Formulation
1 Candesartan 35,81% 90,60% (39)
2 Naproxen 38,37% 102,31% (30)
3 Naproxen 76,84% 100,41% (32)
4 Griseofulvin 37% 95% (15)
5 Meloxicam 78,88% 107,36% (28)
6 Furosemide 45% (0,1N HCl) 67% (0,1N HCl) (44)

80% (Distilled
Water)

92% (Distilled Water)
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Stability of Liquisolid Tablet Storage
Factors affecting the stability of pharmaceutical

products include the interaction of active and
excipient ingredients, manufacturing processes,
types of preparations, and loss of a percentage of
drug release or activity from before. Drug stability

testing methods include four stages, namely
relative humidity stress, thermal stress, chemical
stability, and solution stability. Testing relative
humidity stress to determine the storage conditions
is accelerated with moisture and used to determine
the type of degradation product after storage (41).

Table 4. Stability for drug release

Note: symbol indicates that there is no change after the resolution has been carried out against the
shelf life (before and after) while the symbol - the researcher did not test at that time.

Based on table 4, it shows that with accelerated
testing the dissolution test results do not show any
changes after shelf life to a certain extent for
liquisolid formula tablets and it can be said that the
liquisolid technique is stable in a specific time
(accelerated testing) (37). The liquisolid technique

can change the physicochemical properties of an
active ingredient, compared to pure active
ingredients, the liquisolid technique is also a
suitable method for improving the solubility of
active ingredients that are not soluble in water and
can improve its bio-availability.

Table 5. Competing Technologies with Liquisolid
No Technique Mechanism Reference

1 Liquisolid

Using non-volatile solvents,
lower cost, easy to formulate or
do, and high performance in drug
release (dissolution) and
bioavailability

(45)

2 Solid Dispersion
Hydrophilic polymers or

solvent
(46)

3
Inclusion

complexation

The stirring process is simple,
but it takes several hours and then
sophisticated screening, and
drying

(46)

4
Evaporative

precipitation into an
aqueous solution

It produces smaller particle
size up to nanometers, but this
technique involves HPLC pumps
and heat exchangers

(47)

5 Micronization
Using jet milling to reduce

particle size so that the surface
area increases

(48)

6 Nano sizing
Using ball milling to obtain

nanosized particles after spray
dried

(48)

No
Active

Ingredients

Condition Stability for drug release
Reference

(% RH) 4
weeks

3
Months

6
Months

1 Griseofulvin 63%  - - (33)

2
Atorvastatin-

Glipizide
75% -   (41)

3 Clonazepam 75%  (37)
4 Naproxen 76%  - - (30)
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4. Conclusion
The liquisolid technique is one method to

improve the solubility of active ingredients that are
not soluble in water and can improve their
bioavailability because of the increased drug
release in the liquisolid method. There is an
increase in surface area and wetting on drug
particles, the advantages of the simple method, and
cost-effective commercial feasibility with
promising results in technology that many
researchers have done. Formulations for making
liquisolid tablets include the addition of non-
volatile solvents, fillers, drying agents, and
disintegrant materials. Liquisolid characterized by
specific instruments such as powder x-ray
diffraction (PXRD), Fourier transforms infrared
spectroscopy (FTIR), differential scanning
calorimetry (DSC), and scanning electron
microscope (SEM). The liquisolid technique is
proven and able to change the physicochemical
properties of active pharmaceutical ingredients,
especially the solubility, drug release, and stability
of the liquisolid formula and also can be a solution
for class II and IV BCS pharmaceutical active drug
classes.
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