
In recent years, despite of increasing interest in controlled
release drug delivery systems, more attention has been paid
to formulate the poorly soluble drugs as most common
tablets which intended to be swallowed to disintegrate and 
release their medicaments rapidly in the GIT (Gastro Intesti-
nal Tract) or dissolution medium for better bioavailability/
dissolution. Bioavailability/rate of dissolution of the poorly
soluble drug from a solid oral dosage form depends on the
release of the drug substance from the drug product/dosage
form1—3) i.e., disintegration of the solid oral dosage form
which will increase the wettability of the drug by increasing
the surface area of the drug particles. This highlights the im-
portance of proper choice of disintegrant/superdisintegrant
(Crosspovidone (Polyplasdone XL-10), Sodium Starch gly-
colate, AC- Di-Sol etc.) and its consistency of performance
which are of critical importance to increase the rate of disso-
lution and hence its bioavailability.4,5) There are three meth-
ods of addition of disintegrant into the formulation, intra-
granular (Internal Addition), extragranular (External Addi-
tion), partly intragranular and extragranular addition.6—8)

The aim of the study was to formulate immediate release
tablets of Telmisartan to increase the rate of dissolution by
increasing the release rate of drug from the solid oral dosage
form by using different method of addition of Polyplasdone
XL-10. Telmisartan was selected because of its poor solubil-
ity and less bioavailability (42%).9,10)

Experimental
Materials Telmisartan was obtained as gift sample from Micro labs,

Hosur, India. Microcrystalline cellulose (MCC), Mannitol, Sodium lauryl sul-
phate (SLS), Polyvinyl pyrolidine (PVP), Polyplasdone XL-10 (Crosspovi-
done), Magnesium stearate, Isopropyl alcohol, Dichloromethane were pro-
cured from SD fine chemicals, Mumbai and all other chemicals/solvents
used were of analytical grade.

Preformulation Studies. Compatibility a) Accelerated Storage Test
(40�2 °C/75�5% RH (Relative Humidity) and 60�2 °C/80�5% RH): Du-
plicates of drug and excipients mixture were taken in the amber colored bot-
tle; these mixtures were kept in the accelerated storage condition in which
one bottle is closed with aluminium foil and other one in an open condition.
After two to four weeks, the mixtures were observed for any physical
change.

b) Infrared Red Spectrum: The physical mixture of drug (Telmisartan) and

excipients (Mannitol, MCC, Polyplasdone XL-10, SLS) were prepared and
mixed with suitable quantity of potassium bromide. About 100 mg of the
mixture was compressed to form a transparent pellet using a hydraulic press
at 15 t pressure. It was scanned from 4000 to 400 cm�1 in Jasco FT/IR spec-
trophotomete.11)

Preparation of Immediate Release Tablets by Wet Granulation All
the ingredients were weighed as per formula (Table 1). Mannitol, MCC and
drug were passed through sieve No. 30 and it was mixed for 15 min in a poly
bag. Binder solution was prepared by dissolving PVP in isopropyl alcohol
and dichloromethane. Granules were prepared by using PVP solution and
kept for air drying. The dried granules were passed through sieve No. 20 to
get uniform granules. Sodium lauryl sulphate (SLS) was passed through
sieve No. 30 and mixed with above granules for 15 min in a poly bag. Mag-
nesium stearate was passed through sieve No. 40 and mixed with above
granules for 2 min in a poly bag (F1). For formulation 2, 3, and 4 Polyplas-
done XL-10 was added at 5%, 7.5%, and 10% with mannitol and microcrys-
talline cellulose (intragranular) and passed through sieve No. 40. For formu-
lation 5, 6, and 7 Polyplasdone XL-10 was added 5%, 7.5%, and 10% with
SLS (extragranular) and sifted through sieve No. 40. For formulation 8, 9,
and 10 Polyplasdone XL-10 was added partly intragranular and extragranu-
lar. Remaining procedures were the same for all formulation as like F1. The
prepared granules were compressed using a single punch (8 mm flat with
breaking line) R & D tablet punching machine (Kambert, Cadmach, Ahmad-
abad).

Evaluation of Granules and Tablets The prepared granules were eval-
uated for angle of repose, bulk density, tapped density, compressibility index
and hausner ratio.12,13) The prepared tablets (F1—F10) were evaluated for
weight variation, friability, hardness and disintegration time.

In-Vitro Dissolution Study: In-vitro drug release was determined using
USP (United States Pharmacopeia) dissolution apparatus II of paddle type
(TDT-08L, Electrolab) at 100 rpm maintained at 37�0.5 °C in 900 ml of
0.1 N HCl (pH 1.2) and Phosphate buffer pH 7.4 as dissolution media.14) Per-
cent drug released was determined by taking an aliquot of 10 ml at different
time intervals (5, 10, 20, 30, 45 min). An equal volume of fresh dissolution
medium was replaced to maintain the original volume. The samples were
suitably diluted for estimating percent released by HPLC.15)

Stability Study: F10 was subjected to real time (25�2 °C/60�5% RH)
and accelerated stability (40�2 °C/75�5% RH) test. After specified period
of time (1, 2, 3, 4, 5, 6 month) samples were withdrawn and in-vitro dissolu-
tion study was conducted. Stability study was conducted as per ICH (Inter-
national Conference on Harmonisation) guidelines.

Results and Discussion
An attempt was made to increase the dissolution rate of

poorly soluble drug telmisartan, by using intragranular, ex-
tragranular and partly intra and extra granular addition of
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Polyplasdone XL-10 as superdisintegrant at three different
concentrations of 5%, 7.5% and 10% (Table 1). Control
tablets (F1) were prepared by the same way without Polyplas-
done XL-10.

Incompatibility study, the accelerated storage test showed
that there were no physical changes (colour and appearance)
in the mixture after two and four weeks. There was no ap-
pearances or disappearance of peaks in the mixture spectrum
(Drug and Excipients) when compared to pure drug spectrum
in the IR study. These show that there was no interaction be-
tween drug and excipients. Flow properties of the granules
can be judged from the angle of repose, compressibility
index and hausner ratio. The angle of repose �30° indicates
free flowing material and �40° with poor flow properties.
The compressibility index (%) �10 indicates excellent flow
properties and �38 with poor flow properties. The hausner
ratio 1.00—1.11 indicates free flowing and �1.60 with poor
flow properties. Values for angle of repose, compressibility
index (%) and hausner ratio for all prepared granules were
found to be in the range of 25.99 to 27.93°, 7.3 to 7.5, and
1.07 to 1.08 which showed that the granules was free flowing
and can be used for compression.

The prepared tablets were evaluated for weight variation,
hardness, friability and disintegration time. Percent weight
variation was observed within the limit of �7.5%, which is
well accepted for uncoated tablets as per USP. Since mechan-
ical integrity is of paramount importance in successful com-
pressed immediate release formulation, the hardness of
tablets were determined and found to be in the range of 3.2 to
4.2 kg/cm2. Friability was observed between 0.05 to 0.08%,
which were below 1% indicating the sufficient mechanical
integrity and strength of the prepared tablets.

The prepared tablets were disintegrated within 15 min, ful-
filling official requirement for USP. The disintegration time

of control tablets (F1) was more (39.5�1.39 min). The order
of disintegration was found to be increased gradually from
F10 to F1. The disintegration time was found to be faster for
partly intra and extragranular formulation (F10, F9, F8)
when compared to extragranular (F7, F6, F5) and intragranu-
lar (F4, F3, F2) formulation (Table 3). Among extragranular
and intragranular formulation, extragranular showed faster
disintegration 10.41, 9.75 and 9.60 min. Reason for faster
disintegration of F10, F9 and F8 may be due to immediate
disruption of the tablet into previously compressed granules
by the extra granular Polyplasdone XL-10, while the disinte-
grating agent within the granules (intragranular) produces
further erosion of the granules to the original powder parti-
cles.16)

The in-vitro dissolution study showed, formulation F10, F9
and F8 had released maximum percent of drug (92.9%,
96.7% and 100.9%/63.2%, 70.8% and 78.9% ) in both the
dissolution medium at 45 min (Figs. 1, 2). Among extragran-
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Table 1. Formulation of Immediate Release Tablets of Telmisartan

Ingredients (mg) F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

Telmisartan 40 40 40 40 40 40 40 40 40 40
Mannitol 84 73 73 73 73 73 73 73 68.5 64
Micro crystalline cellulose 43 44 44 44 44 44 44 44 44 44
Polyplasdone XL-10 (Intragranular) — 9 13.5 18 — — — 4.5 6.75 9
Polyvinyl pyrolidine 9 9 9 9 9 9 9 9 9 9
Isopropyl alcohol and dichloromethane qs qs qs qs qs qs qs qs qs qs
Polyplasdone XL-10 (Extragranular) — — — — 9 13.5 18 4.5 6.75 9
Sodium lauryl sulphate 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36 0.36
Magnesium stearate 3.64 3.64 3.64 3.64 3.64 3.64 3.64 3.64 3.64 3.64

qs, quantity sufficient.

Table 3. Evaluation of Tablets

Formulation code
Hardness Friability Disintegration time
(kg/cm2)a) (%) (min and s)a)

F1 3.2�0.10 0.08 39.5�1.39
F2 3.7�0.15 0.05 14.41�0.59
F3 3.7�0.06 0.05 12.25�0.94
F4 3.9�0.10 0.05 11.50�0.45
F5 3.9�0.10 0.05 10.41�0.38
F6 3.9�0.06 0.05 9.75�0.28
F7 3.9�0.10 0.05 9.60�0.26
F8 4.1�0.06 0.05 8.03�0.24
F9 4.2�0.10 0.05 5.05�0.15
F10 4.2�0.21 0.05 4.11�0.12
MI 4�0.10 0.08 7.2�0.141

a) n�3.

Table 2. Evaluation of Granules

Properties F1 F2 F3 F4 F5 F6 F7 F8 F9 F10

Angle 27.93�0.39 26.71�0.37 26.71�0.37 26.71�0.37 26.73�0.87 26.73�0.87 26.73�0.87 25.99�0.52 25.99�0.52 25.99�0.52
of repose (q)a)

Bulk density 0.73 0.74 0.74 0.74 0.75 0.75 0.75 0.76 0.76 0.76
(g/cm3)

Tapped density 0.79 0.8 0.8 0.8 0.81 0.81 0.81 0.82 0.82 0.82
(g/cm3)

Compressibility 7.5 7.5 7.5 7.5 7.4 7.4 7.4 7.3 7.3 7.3
index (%)

Hausner ratio 1.08 1.08 1.08 3.08 1.08 1.08 1.08 1.07 1.07 1.07

a) n�3.



ular and intragranular formulation, intragranular formulation
showed maximum percent of drug released (69.8%, 75.4%,
75.1%) in 0.1 N HCl. It showed that percent drug released
was maximum in 0.1 N HCl when compared to phosphate
buffer pH 7.4. Hence, 0.1 N HCl was selected as dissolution
medium for further studies. The possible reason for maxi-
mum percent drug released in F10, F9 and F8 may be due to
increase in wettability of the drug by increasing the surface
area of the drug particles (i.e., faster disintegration). When
compared to market sample (MI), F10 was showing faster
disintegration time and higher percent of drug release.

F10 released 90% of the drug within 8.5 min and 50% of
the drug in 2.5 min (Table 4). Hence, it was selected for sta-
bility study. In-vitro dissolution results of 6th month stability
sample showed that there was no significant change in drug
release between initial sample (100.9% drug release), real
time sample (98.16% drug release) and accelerated study
sample (99.4% drug release). Hence, formulation 10 was sta-
ble immediate release preparation.

Conclusion
In this study, the rate of dissolution of poorly soluble drug

Telmisartan was increased by using Polyplasdone XL-10 as
superdisintegrant. Among the three methods of addition,
partly intra and extragranular addition of Polyplasdone XL-
10 showed faster disintegration and maximum percent of
drug release. It was concluded that by using 10% of Poly-
plasdone XL-10, fast disintegrating stable tablets with in-
creased rate of dissolution was prepared.
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Table 4. t50 and t90 of Telmisartan Immediate Release Tablets

Formulation
t50 (min) t90 (min)

code
pH 1.2 pH 7.4 pH 1.2 pH 7.4

F1 — — — —
F2 25.5 40 — —
F3 22.5 31 — —
F4 22.5 31 — —
F5 14 — — —
F6 9 45 — —
F7 9 33 — —
F8 8.5 31 29 —
F9 3.5 27.5 17 —
F10 2.5 22.5 8.5 —
MI 15 — 34 —

Fig. 1. In-Vitro Percent Drug Release of Telmisartan Immediate Release
Tablets and Market Sample in pH 1.2

Fig. 2. In-Vitro Percent Drug Release of Telmisartan Immediate Release
Tablets and Market Sample in pH 7.4


