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ABSTRACT: 
Solid dispersion refers to a group of solid products consisting of at least two different components, 
generally a hydrophilic matrix and a hydrophobic drug. The phenomenon of exisisting in more than one 
form is termed as polymorphism. In the present study, the selected drug Irbesartan exhibits 
polymorphism. Thus, lower the stability higher will be the solubility and dissolution rate of the 
polymorph. The drug was formulated as polymorph using various solvents. Among them, drug-ether 
polymorph has given highest solubility and dissolution rate. The formulation using ether as solvent and 
pregelatinized starch 1500 as carrier increased the solubility of Irbesartan using solid dispersion 
technique. The FTIR studies revealed that there is no indication of incompatibility between drug and 
excipients.  
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INTRODUCTION: 
Many potential drug candidates are 
characterized by a low oral bioavailability. 
Often poor drug dissolution/solubility 
rather than limited permeation through the 
epithelia of the gastrointestinal tract are 
responsible for low oral bioavailability. The 
rate and extent of dissolution of the active 
ingredient from any dosage form often 
determines the rate of extent of absorption 
of the drug. Therefore, a drug with poor 
aqueous solubility will typically exhibit 
dissolution rate limited absorption, and a 
drug with poor membrane permeability will 
typically exhibit permeation rate limited 
absorption [1] .Hence, two areas focus on 
improving the oral bioavailability of active 
agents include: (i) enhancing solubility and 
dissolution rate of poorly water-soluble 
drugs and (ii) enhancing permeability of 
poorly permeable drugs. Solid dispersion is 

one of the most promising approaches for 
solubility enhancement[2]. 
 
Irbesartan is an angiotensin receptor 
blocker (ARB) used mainly for the 
treatment of hypertension. It competes with 
angiotensin II for binding at the AT1 
receptor subtype. It has an average absolute 
bioavailability of 60-80%, volume of 
distribution - 53 to 93 L, half-life of 11-15 
hours and its structure is given in fig. 1. 

 
Fig. 1: Structure of Irbesartan 
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MATERIALS AND METHODS: 
Irbesartan (98.8%) was obtained as a gift 
sample Aizant Drug Research Solutions Pvt. 
Ltd., Hyderabad. Ethanol, Acetone, 
Isopropyl alcohol (IPA), Chloroform, Ether, 
0.1 N HCl, HPMC, HPMC K4M, HPMC K15M, 
HPMC K100M, Polyvinyl alcohol and Pre-
gelatinized starch 1500 (PGS) were of 
analytical grade. 
 
Estimation of Irbesartan: 
50 mg of Irbesartan was dissolved in 10 ml 
of methanol and the volume was adjusted 
up to 50 ml with 0.1N hydrochloric acid 
(Stock solution: 1000 μg/ml). The main 
stock solution was diluted to 100 µg/ml in 
0.1 N HCl. Then, the dilution was scanned in 
the UV region of 200 – 400 nm through U.V. 

Spectrophotometer (Systronics). The 
maximum absorption was obtained at 210 
nm and this wavelength was used for 
construction of standard graph by using 
different concentrations of the drug 
solution in 0.1 N HCl. The method obeyed 
Beer’s law in the studied range of 1-10 
µg/ml. In order to find the degree of linear 
relationship correlation coefficient (r) was 
calculated and the result was found to be 
0.998.Next it was of interest to establish the 
mathematical form of linear relationship 
between the two variables (concentration 
and absorbance) under consideration and 
the equation obtained was: y = 0.100x + 
0.016 where x is the concentration of 
Irbesartan (µg/ml), y is the absorbance. The 
calibration curve was shown in the fig. 2.

 

 
Fig. 2: Calibration curve of Irbesartan 

 
Preparation of drug polymorph: 
50 mg of Irbesartan of each was taken in 6 
different china dishes. To each china dish 
containing drug, solvent (ether, ethanol, 
IPA, Chloroform, acetone and DCM) was 
added. The drug was dissolved by stirring 
with a glass rod. The solvent were 
evaporated by stirring with glass rod and 
stored in desiccators. The solvents used for 
preparation of polymorphs are ethanol, 
chloroform, acetone, ether, IPA. Capillary 

tubes selected for determination of melting 
point were filled with polymorphic forms at 
one end and inserted into melting point 
apparatus [3].The melting point of different 
drug polymorphs was observed and given 
in the table 1. All the melting points are 
different. Thus, it indicates that the drug 
exhibits polymorphism. Then polymorphic 
forms were subjected to dissolution studies 
which exhibited different % drug release 
rates as given in fig. 3.

 
Table - 1: Melting point of drug polymorphs  
Drug + solvent Melting point range (C) 

Irbesartan + Ethanol 174-186 
Irbesartan + Ether 178-180 
Irbesartan + DCM 176-192 
Irbesartan + IPA 180-190 

Irbesartan + Chloroform 182-192 
Irbesartan + Acetone 182-188 
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Preparation of solid dispersion: 
From the results given below, the drug – 
ether polymorph has shown higher 
dissolution rate compared to other drug-
solvent polymorphs. Thus, the drug - ether 
polymorph was selected for further 
enhancement of dissolution rate by 
employing solid dispersions technique. To 
the drug polymorph equal ratio of different 
polymers (drug: polymer (1:1)) were added 

and blended uniformly. The formula was 
given in the table 2. Different polymers used 
were, HPMC K4M, HPMC K15M, HPMC 
K100M, PVA, PGS 1500 and carboxy methyl 
ethyl cellulose (CMEC). The prepared solid 
dispersions were evaluated for drug release 
by conducting dissolution studies and 
percentage of drug release[4] was given in 
fig. 4. 

 
Table- 2: Formulation (in mg) 

Ingredient F1 F2 F3 F4 F5 F6 
Drug polymorph 50 50 50 50 50 50 
PGS 1500 50 - - - - - 
PVA - 50 - - - - 
HPMC K4M - - 50 - - - 
HPMC K100LV+K4M - - - 50 - - 
HPMC K15M - - - - 50 - 
CMEC - - - - - 50 

 
Dissolution study: 
The dissolution behavior of the drug 
polymorphs and the solid dispersions was 
evaluated using the following parameters: 
900 ml of 0.1N HCl at 37 ±0.5ºC was used as 
dissolution medium. The USP apparatus 
type II; paddle method was used at 50 rpm. 
At definite time intervals (5, 10, 15, 30 and 
45 min), 5 ml of the dissolution fluid was 
withdrawn, filtered and subjected for 
spectrometric analysis at 210 nm after 
suitable dilutions as and when necessary[5]. 
Every time, 5 ml of the fresh medium was 
replaced into the dissolution jar. Each 
experiment was carried out in triplicate. 
The results were given in fig. 3 and 4. 
 

Compatibility studies: 
Compatibility studies were conduct by 
using Fourier transform infrared 
spectroscopy (FTIR). FTIR spectra of 
Irbesartan, PGS 1500, drug-ether mixture 
and drug-PGS 1500 solid dispersion were 
shown in fig. 5-8. No significant alterations 
in the FTIR peak of the irbesartan, ether and 
PGS 1500 combination (fig. 6) were 
detected. Thus, there were no chemical 
interactions. The minor shift in the peaks 
associated with drug indicates some sort of 
solid state interactions between the drug 
and the polymer (in the solid dispersion and 
the physical mixture). The interactions may 
be due to the intermolecular hydrogen 
bonding between the drug and the polymer. 

 

 
Fig. 3: Time vs. % drug release plot of different drug polymorphs 
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Fig. 4:   Time vs. % drug release plot of solid dispersions 
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Fig. 5: FTIR spectra of Irbesartan 
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Fig. 6: FTIR spectra of PGS 1500 
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Fig.7: FTIR spectra of Irbesartan: Ether physical mixture 

 
 

 C:\Program Files\OPUS_65\MEAS\IRBESARTAM ETHER+PGS STARCH.0          IRBESARTAM ETHER+PGS STARCH          Instrument type and / or accessory

21/01/2015

38
95

.9
7

38
57

.3
6

37
47

.0
4

36
51

.0
2

36
30

.6
1

36
21

.9
5

35
89

.2
8

35
68

.9
2

34
22

.8
3

29
30

.1
2

23
44

.3
9

17
32

.5
2

16
17

.2
2

15
59

.8
5

15
41

.9
7

15
07

.9
5

14
35

.2
3

14
09

.0
0

13
58

.6
1

13
37

.4
4

12
38

.3
6

11
58

.9
6

10
81

.7
5

10
19

.2
1

93
0.

00

85
7.

63

77
9.

30
75

8.
14

70
7.

07
68

5.
02

66
5.

35
62

5.
81

60
9.

75
57

4.
80

5001000150020002500300035004000

Wavenumber cm-1

0
20

40
60

80
10

0

Tr
an

sm
itt

an
ce

 [%
]

 Page 1/1

 
Fig. 8: FTIR spectra of Irbesartan: PGS 1500 physical mixture 

 
RESULTS & DISCUSSION: 
The polymorph with ether showed lowest 
melting point (178 -1800C) which indicated 
that it was least stable polymorph. 
Chloroform polymorph showed highest 
melting point (184 - 1920C). The dissolution 
study of polymorph with ether showed 
more drug release than other polymorphs 
which indicated that polymorph of ether 
was least stable. Thus, lower the melting 
point higher the solubility and dissolution. 
The drug-ether polymorph has shown 
highest dissolution rate compared to other 
polymorphs. Then, solid dispersions were 
formulated with different carriers by 
solvent evaporation method.  
 
The formulation, F1 (drug ether polymorph: 
PGS 1500) further increased the solubility 

of Irbesartan using solid dispersion 
technique. The increase in dissolution rate 
can be assigned due to the reduced particle 
size of the drug deposited on carrier and 
enhanced wettability of the particles 
brought about by the carrier. Solubility and 
dissolution rate of Irbesartan was 
successfully enhanced by solid dispersion 
technique using pre - gelatinized starch as 
polymer along with drug ether polymorph. 
The FTIR spectral analysis revealed that 
there are no chemical interactions between 
the drug and other excipient used in the 
formulation. 
 
CONCLUSION:  
In the present study, solid dispersion 
method was employed to enhance the 
solubility and dissolution rate of Irbesartan. 
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Irbesartan has undergone polymorphism by 
exhibiting different melting points with 
different solvents. The ether polymorph has 
shown less stability than others i.e., lower 
the melting point higher the solubility and 
dissolution rate. Then by employing solvent 
evaporation method, using different 
carriers dissolution studies were carried 
out. Among them F1 formulation has shown 
highest release resulting in increased 
dissolution rate of poorly soluble 
Irbesartan. FTIR studies have confirmed 
that there were no drugs - excipient 
interactions. Thus, solid dispersion 
technique can be successfully used for the 
enhancement of solubility and dissolution 
rate of poorly soluble hydrophobic drugs 
like Irbesartan. 
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