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ABSTRACT
The objective of this study is to screening of suitable non volatile liquid vehicle for the formulation of liquisolid tablets such as propylene glycol, polyethylene
glycol 400 and tween 80 by using mathematical equations for enhancement of dissolution rate of drug and comparison of liquisolid technique with inclusion
complex of β‐cyclodextrin. Different liquisolid compacts were prepared using a mathematical model for calculating required quantities of powder and liquid
ingredients to produce an acceptably flow able and compressible admixture. The prepared liquisolid systems were evaluated for their pre compression and post
compression parameters. The drug-excipient interactions studies carried out by Infrared spectroscopy (IR) and X- ray diffraction (XRD). The maximum
solubility of valsartan was found to be in propylene glycol. The liquisolid formulations containing propylene glycol as a non volatile solvent showed higher
drug release. The IR studies confirmed that there was no interaction between the drug and excipients. The XRD analysis confirmed formation of a solid
solution inside the compact matrix. All the pre compression and post compression properties of the liquisolid compacts were within the acceptable limits.
Liquisolid technique can be used to improve the dissolution rate and bioavailability of low soluble drugs.
Keywords: Liquisolid compacts, Liquid medication, Mathematical model, Liquid load factor, β‐cyclodextrin

INTRODUCTION
The BCS class II drugs for which the dissolution profile must
be clearly defined and reproducible shows high absorption
number (An) and low dissolution number (Dn). Drugs in this
class are expected to have a variable dissolution profile due
to the formulation and in vivo variables that, in turn, affect
the absorption1. The poor dissolution rate of such waterinsoluble drug is a major impediment to the development of
pharmaceutical dosage forms. The oral absorption of drugs is
most often controlled by dissolution in the gastrointestinal
tract. During the past few years many techniques have been
developed such as drug micronization2-7 or nanosuspension, 810
solid dispersions, co precipitation, lyophilization, micro
encapsulation, use of pro drug, drug derivetization processes
and inclusion of drug solutions into soft gelatin capsules to
improve the solubility and bioavailability. Formulation of
liquisolid compact (LS) is a novel "Powder Solution
Technology" which makes use of liquid medications admixed
with suitable carriers and coating materials and formulated
into a moderately flowing, dry looking, non adherent and
compressible powder forms have increased the drug
dissolution rate profiles11-14. Due to their significantly
increased wetting properties and surface of drug available for
dissolution, liquisolid compacts of water-insoluble substances
may be expected to display enhanced drug release properties,
and consequently, improved bioavailability15–18. Valsartan is
an angiotensin II receptor antagonist used in the management
of hypertension19-21. The drug is rapidly absorbed following
oral administration with a bioavailability of about 23 %22. It
is a weekly acidic drug that has tetrazole derivative
containing acid and carboxylic acid groups with pKa values
of 4.73 and 3.9 respectively. Peak plasma concentrations
occur in 2 to 4 hours and its plasma half life is about 7.5
hours23. Therefore, improvement in its solubility and
dissolution rate may lead to enhancement in bioavailability.

MATERIAL AND METHODS
Valsartan was obtained as a gift sample from Alembic
research center, Baroda. Crospovidon, Avicel pH 101,
Aerosil 200, tween, polyethylene glycol (PEG), propylene
glycol (PG), sodium hydroxide, potassium dihydrogen
orthophosphate were purchased from S.D. Fine Chemicals
Ltd. (Mumbai, India). All other chemicals, reagents and
solutions used were of analytical grade.
Saturation solubility studies
To select the best non-volatile solvent to dissolve valsartan,
solubility studies of valsartan were carried out in six different
non-volatile solvents, i.e. PEG200, PEG400, tween 20, tween
40, tween 80 and propylene glycol. Saturated solutions were
prepared by adding excess drug to the vehicles and shaking
on the incubator shaker for 48 h at 25˚C. Accurately weighed
quantities of the filtered supernatants were further diluted
with methanol and analyzed spectrophotometrically at 250
nm for their drug content. From these results, the solubility of
valsartan in the respective liquid vehicle was calculated. Each
experiment was carried out in triplicate24.
Formulation of conventional tablet and Liquisolid
compacts
Depending on the liquid vehicle and drug concentration in the
liquid medication used, different liquid load factors25 (Lf)
ranging from 0.286 to 0.822 (w/w) were employed in
liquisolid preparations as shown in Table 1. Calculated
quantities of valsartan and non volatile solvents were
accurately weighed and mixed at 30°C. The mixture was
sonicated for 10 minutes to obtain a clear solution. Required
quantities of carrier (Avicel PH 102) and coating materials
(Aerosil 200) were incorporated to the admixture of drug
vehicle and mixed completely. The optimum concentration of
crospovidone was added to prepared liquisolid systems. The
formulated powder was compressed into tablets using rotary
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press. Conventional tablets of Valsartan were prepared by
direct compression containing 40 mg drug with Avicel PH
102, Aerosil 20026.
Preparation of Inclusion Complexes
The drug and β‐cyclodextrin complexes (1:1, 1:2 and 1:3)
were prepared by kneading technique as shown in Table 2. In
this method required amount of drug and β‐cyclodextrin
(βCD) was taken and was transferred to a mortar pestle. The
mixture was size reduced by continuous stirring with pestle.
Water-ethanol mixture (3:1) ratio was added to the above
physical mixture and continuously stirred until the slurry
mass was formed. Slurry mass was collected and dried in a
hot air oven for 2 h at 50°C, dried mass was collected and
further dried in desiccators over silica gel for 24 h to remove
all the excess residual solvents. The dried mass was collected
and passed through 60# mesh, and was compressed with a
tablet compression machine.27-30
Pre compression Studies of Liquisolid System
Flow Properties of Liquisolid System
The liquisolid formulations were evaluated for the following
properties like angle of repose, bulk density, tapped density,
Hausner's ratio, Carr’s index.
Infrared Spectra Analysis
IR spectra of the liquisolid system were recorded by the KBr
pellet method using the Fourier transform infrared
spectrophotometer. A baseline correction was made using
dried potassium bromide, and then the spectrum of pure
valsartan and liquisolid systems were obtained.
X-Ray Powder Diffraction (XRD)
Polymorphic changes in the drug are important since they
might affect the dissolution rate and bioavailability;
therefore, it was necessary to study the polymorphic changes
of valsartan in liquisolid compacts. XRD spectra of optimized
sample was recorded using a high-power powder x-ray
diffractometer (Ru-200B, Pune, India) with Cu as target at a
scan speed of 4°/min. The samples were analyzed at a 2θ
angle range of 2–45°. The operating voltage and current were
40 kV and 55 mA respectively31-33.
Post compression Studies of Liquisolid Compacts
The prepared liquisolid compacts were evaluated for carrying
out various tests such as a drug content, friability, weight
variation, hardness and disintegration. All tests were carried
out according to the USP compendia specifications34,35.

release of pure drug, DCT, and optimized formulation of LS4
and FC3, thus the increased dissolution rate was found to be
for the LS4, this might be due to the highest solubility of
valsartan drug in propylene glycol, and also may be due to
the increased wettability of the drug molecules, and also the
carrier coating material ratio.
Stability Study
After determining the drug content and release studies, the
LS4 formulation was charged for the accelerated stability
studies according to ICH guidelines (40 ± 2ºC and 75 ± 5 %
RH) for a period of 6 months in a stability chamber. The
optimized formulation was placed in USP type-I flint vials
and hermetically closed with bromobutyl rubber plugs and
sealed with aluminum caps36. The samples were withdrawn at
3 months and 6 months and evaluated for various test
parameters and compared with initial results.
RESULT AND DISCUSSION
Vehicle selection
The solubility of valsartan was determined in a six different
non volatile solvents as shown in Table 3. The drug solubility
was found to be maximum in propylene glycol.
Flow Properties of the valsartan Liquisolid System
The flow properties of the liquisolid powder system are
influenced by physical, mechanical, and environmental
factors. The different flow properties were employed as
shown in Table 4. All liquisolid formulations showed the
acceptable flow properties due the presence of avicel PH 101
as a carrier material.
IR Spectra Analysis
The IR spectrum of valsartan showed its characteristic IR
absorption peaks at 3437, 2964, 1936, 1729, 1602, 1471,
1205 and 759 cm-1. The LS mixture containing different non
volatile solvent showed the same characteristic peaks. These
spectral observations indicated no interaction between the
drug and excipients as shown in Figure 1 to 4
X-Ray Diffractometry (XRD)
The diffraction spectrum of pure valsartan showed that the
drug was of crystalline in nature as demonstrated by
numerous, distinct peaks at 2θ of 5.6°, 10.5°, 12.9°, 18.8°,
20.6°. The spectrum liquisolid system showed that some
peaks of pure valsartan were absent and intensity of peaks
was reduced as shown in Figure 5. The result indicates that
the drug in complex form and liquisolid system is amorphous
as compared to the pure drug. Hence, increased dissolution of
the drug was observed.

In vitro Dissolution Studies
Dissolution studies of liquisolid tablets were carried out in
USP Apparatus II (Paddle type) (Electro Lab). Tablets were
placed in dissolution vessel containing 900 ml simulated
gastric fluid maintained at 37 ± 0.5 °C and stirred at 50 rpm.
Aliquots of 5 ml were withdrawn at specified time intervals
for 60 minutes and replaced with an equal volume of fresh
dissolution medium. The samples were analyzed
spectrophotometrically at 250 nm.

Quality Control Studies
All the liquisolid formulations complied the Pharmacopoeial
required specifications for the weight variation test, friability
content and uniformity tests as shown in Table 5; the average
hardness of liquisolid formulations ranging from 3.43 ± 0.15
to 6.26 ± 0.11 cm2. Disintegration time was found to be in the
range of 1.71 ± 0.121 to 5.07 ± 0.273 minutes.

Comparison of the dissolution data of pure drug, DCT,
LS4 and FC3
The comparison between the dissolution rate of drug was
carried out between pure drug, DCT, LS compact (LS4), and
inclusion complex (FC3) to determine the optimized
formulation. The Figure 6 depicts the comparative drug

In vitro Dissolution Studies
All the liquisolid formulations showed greater drug release in
comparison with the pure drug, directly compressed tablet
and tablets prepared from inclusion complexes due to more
solubility in the non volatile solvents as shown in Figure 6
and 7
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Table 1: Composition of different liquisolid compacts
Liquisolid
system
LS1
LS2
LS3
LS4
LS5
LS6
LS7
LS8
LS9

Liquid
vehicle
PG
PG
PG
PG
PEG
PEG
Tween 80
Tween 80
Tween 80

Excipient ratio
( )
5
10
15
20
5
10
5
10
15

Liquid load Factor ( )#
0.822
0.491
0.380
0.325
0.657
0.331
0.811
0.417
0.286

Avicel pH 101(Q )
‡
(mg)
0.243
0.407
0.526
0.615
0.304
0.604
0.247
0.479
0.700

Aerosil 200 (q ) ∧∧
(mg)
0.048
0.041
0.035
0.030
0.060
0.060
0.049
0.047
0.046

Unit dose weight
(mg)
0.348
0.512
0.631
0.719
0.424
0.739
0.353
0.594
0.825

*An appropriate amount of liquid medication containing 40 mg of valsartan was incorporated in each tablet containing 5% of Crospovidon as super
disintegrants; ‡ Amount of carrier ( ) material, ∧∧ Amount of coating ( ) material, #Liquid load factor is defined as = /
Table 2: Formulation of tablet from inclusion complexes
Formulationa
(complex system)
FC1 (1:1)
FC2 (1:2)
FC3 (1:3)
a

Valsartan
(mg)
40
40
40

Lactose
(mg)
196
156
116

β-CD
(mg)
40
80
120

Talc
(mg)
6
6
6

Magnesium
Stearate (mg)
3
3
3

Tablet
Weight (mg)
300
300
300

All formulations contain 5 % Crospovidone as super disintegrant, 2 % talc and 1 % magnesium stearate
Table 3: Solubility of valsartan in different solvents (Mean ± SD, n = 3)
Solvent
Propylene glycol
Tween 80
Tween 40
Tween 20
PEG 400
PEG 200

Solubility (% w/w)
113.33 ± 1.52
85 ± 2.65
73.66 ± 1.53
66.66 ± 2.08
69.33 ± 1.53
56.67 ± 3.21

Table 4: Pre compression studies of the liquisolid compacts (Mean ± SD, n = 3)
Formulation
Code
LS1
LS2
LS3
LS4
LS5
LS6
LS7
LS8
LS9

Bulk Density
(g/cm3)
0.354 ± 0.004
0.373 ± 0.011
0.395 ± 0.004
0.435 ± 0.017
0.343 ± 0.005
0.377 ± 0.005
0.345 ± 0.003
0.377 ± 0.004
0.381 ± 0.002

Tapped Density
(g/cm3)
0.410 ± 0.008
0.423 ± 0.004
0.449 ± 0.006
0.477 ± 0.004
0.421 ± 0.003
0.431 ± 0.006
0.417 ± 0.004
0.431 ± 0.003
0.434 ± 0.005

Hausner’s Ratio
1.16 ± 0.022
1.15 ± 0.030
1.13 ± 0.023
1.09 ± 0.056
1.22 ± 0.026
1.14 ± 0.032
1.20 ± 0.002
1.14 ± 0.023
1.14 ± 0.019

Carr’s
Index (%)
13.88
13.56
12.09
08.73
18.57
12.37
14.24
12.66
12.27

Angle of
repose
32.50 ± 0.40
30.65 ± 0.43
36.87 ± 0.56
24.75 ± 0.57
33.56 ± 0.31
33.83 ± 0.29
38.87 ± 0.65
39.99 ± 0.47
38.91 ± 0.71

Table 5: Post compression studies of the liquisolid compacts (Mean ± SD, n = 3)
Formulation
Code
LS1
LS2
LS3
LS4
LS5
LS6
LS7
LS8
LS9

Hardness
(kg/cm2)
3.77 ± 0.15
4.33 ± 0.31
5.43 ± 0.20
4.06 ± 0.11
4.20 ± 0.36
6.26 ± 0.11
3.43 ± 0.15
5.53 ± 0.30
5.70 ± 0.26

Friability
(%)
0.252
0.201
0.150
0.110
0.293
0.139
0.364
0.183
0.135

Disintegration time
(min) n = 6
4.05 ± 0.105
3.28 ± 0.204
3.25 ± 0.243
1.71 ± 0.121
4.30 ± 0.329
3.73 ± 0.258
5.07 ± 0.273
4.37 ± 0.459
4.08 ± 0.366

Content
Uniformity (%)
100.25 ± 0.22
100.06 ± 0.08
99.51 ± 0.42
100.25 ± 0.34
98.23 ± 0.67
99.53 ± 0.43
97.21 ± 0.87
95.63 ± 0.60
97.41 ± 0.27

Weight
variation
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass
Pass

Table 6: Effect of aging on formulation LS4 (Mean ± SD, n = 3)
Test

Initial

Hardness (kg/cm2)
Friability (%)
Disintegration time (min) n=3
Drug content (%)
% Drug Dissolved (60 min)

4.06 ± 0.11
0.110
1.71 ± 0.121
100.25 ± 0.34
80.87

40ºC/75%RH
3 months
6 months
4.20 ± 0.36
4.03 ± 0.15
0.111
0.113
2.92 ± 0.264
2.70 ± 0.155
100.18 ± 1.36
100.06 ± 0.087
80.18
79.5

Page 606

Hitesh Jain et al. Int. Res. J. Pharm. 2014, 5 (7)

Figure 1: Spectral analysis of valsartan pure drug by FTIR

Figure 2: Spectral analysis of LS physical mixture of PG by FTIR

Figure 3: Spectral analysis of LS physical mixture of PEG by FTIR

Figure 4: Spectral analysis of LS physical mixture of Tween 80 by FTIR
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Figure 5: X-ray diffraction pattern of valsartan and formulation LS4

Figure 6: Dissolution profile of valsartan liquisolid compacts

Figure 7: Comparative dissolution profile of pure drug, DCT, LS4 and FC3
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CONCLUSION
Powder solution technology is one of the promising
approaches to increase dissolution. XRD results demonstrated
valsartan had almost entirely converted from crystalline to
amorphous state. The liquisolid formulation LS4 showed
highest dissolution rate when compared with pure drug,
directly compressed tablet and formulation prepared by
complexation. This was due to increase in wetting properties
and surface area of drug available for dissolution media.
Aging studies had no effect on dissolution profile.
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