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Abstract
Background. Eprosartan mesylate is a poorly water-soluble drug. It does not dissolve well in the aqueous 
gastrointestinal fluid, which means it is not absorbed well via the oral route, because a drug can cross cell 
membranes when it is dissolved in the gastrointestinal fluid.

Objectives. The purpose of  this research was to enhance the aqueous solubility and dissolution rate 
of eprosartan mesylate using the solid dispersion technique. Enhancing the solubility and dissolution leads 
to better absorption via the oral route.

Material and methods. A number of eprosartan mesylate-laden polymeric solid dispersions were pre-
pared with hydroxypropyl methylcellulose (HPMC) and polysorbate 80 by means of the solvent evaporation 
technique. The impact of the weight ratios of the constituents on the solubility and dissolution rate was stu-
died in comparison with the plain drug. The formulation presenting the optimal solubility and dissolution 
underwent the solid-state characterization using X-ray diffraction (XRD), differential scanning calorimetry 
(DSC), scanning electron microscopy (SEM), and Fourier-transform infrared spectroscopy (FTIR).

Results. Both polysorbate 80 and HPMC positively affected the solubility and dissolution of eprosartan 
mesylate.

Conclusions. In particular, a ternary solid dispersion consisting of eprosartan mesylate, HPMC and poly-
sorbate 80 at a weight ratio of 1:4.2:0.3 showed the highest solubility (36.39 ± 3.95 mg/mL) and dissolu-
tion (86.19 ±4.09% in 10 min). Moreover, the drug was present in the amorphous form in the solid disper-
sion with no covalent drug–excipient interactions.

Key words: amorphous, hydroxypropyl methylcellulose, aqueous solubility, eprosartan mesylate, poly-
meric solid dispersions
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Introduction 
Eprosartan mesylate, a monomethanesulfonate of (E)‑2‑

butyl‑1‑(p‑carboxybenzyl)‑α‑2‑thienylmethylimid‑azole‑
5‑acrylic acid,1 is a  water‑insoluble crystalline powder.2  
It is considered a promising angiotensin II receptor an‑
tagonist.3 It is usually prescribed at a dose of 400–800 mg 
once or twice daily for 13 weeks to patients with mild to 
severe hypertension.4 Unlike angiotensin‑converting en‑
zyme inhibitors, it does not induce coughing and has no 
severe drug interactions.5

As a poorly water‑soluble drug (its solubility in water 
is <1 mg/mL at 25°C), eprosartan mesylate is categorized 
in class 2 of the Biopharmaceutics Classification System 
(BCS). The oral bioavailability of a BCS class 2 drug can 
be enhanced by ameliorating its aqueous solubility using 
a  solubility‑enhancing technique such as solid disper‑
sion.6 As its efficacy is very low, eprosartan mesylate is 
administered in high doses.7,8 Improving the solubility 
of eprosartan mesylate in water might improve its oral ef‑
ficacy and circumvent the need for high doses.

Several techniques, such as micronization, nanoparticle 
formation, solubilization with surfactants, microemul‑
sions, complexation with cyclodextrins, encapsulation 
with hydrophilic polymeric wall materials, self‑emulsi‑
fying drug delivery systems, and dispersing hydrophobic 
drugs in hydrophilic polymeric matrices, have been suc‑
cessfully employed to improve the aqueous solubility and 
dissolution of poorly water‑soluble drugs.

Solid dispersion − the dispersal of a hydrophobic drug 
in a  hydrophilic polymer with or without the addition 
of a  surfactant − is an excellent strategy to enhance the 
solubility and dissolution of  water‑insoluble drugs.9–19 
A  solid dispersion prepared with the addition of  a  sur‑
factant (a ternary solid dispersion) results in greater im‑
provement of the solubility and dissolution of BCS class 2 
drugs as compared to solid dispersions prepared without 
a surfactant (binary solid dispersions).20 Solid dispersions 
can be prepared conventionally by the melting method,21 
the kneading method,22 the solvent evaporation method,9 
or the lyophilization technique.23 The use of solid disper‑
sions manufactured by the solvent evaporation method is 
among the most promising ways to enhance the solubility 
and dissolution rates of water‑insoluble chemical entities, 
due to the molecular‑level closeness of the drug to the hy‑
drophilic carriers, which improves wetting, and the con‑
version of  the crystalline components into their respec‑
tive amorphous forms, which enhances the surface area 
exposed to the surrounding dissolution medium.18,24

In the present study, a number of eprosartan mesylate‑
laden ternary solid dispersions were prepared with hy‑
droxypropyl methylcellulose (HPMC) and polysorbate 80 
by the solvent evaporation method. The aqueous solubil‑
ity and dissolution of  the drug in the solid dispersions 
were determined. The structural, thermal, morphologi‑
cal, and spectroscopic characteristics of the solid disper‑

sion exhibiting the best solubility and dissolution were 
determined using X‑ray diffraction (XRD), differential 
scanning calorimetry (DSC), scanning electron micros‑
copy (SEM), and Fourier‑transform infrared spectroscopy 
(FTIR), respectively.

Material and methods 

Material 

Eprosartan mesylate was supplied by the Jinan Chen‑
ghui‑Shuangda Chemical Co., Ltd. (Jinan, China). Poly‑
vinylpyrrolidone (PVP), sodium lauryl sulfate (SLS), 
carboxymethylcellulose sodium (CMC‑Na), and 2‑hy‑
droxypropyl‑beta‑cyclodextrin (HP‑β‑CD) were from 
Sigma‑Aldrich (St. Louis, USA). Poly‑oxyethylene esters 
of 12‑hydroxystearic acid (Solutol® HS 15), poloxamer 188 
and poloxamer 407 were procured from BASF (Ludwigs‑
hafen am Rhein, Germany). Gelatin, polyethylene glycol 
6000 (PEG‑6000), polysorbate 20 (tween 20), polysorbate 
60 (tween 60), polysorbate 80 (tween 80), sorbitan mono‑
laurate 20 (span 20), and sorbitan monooleate  80 (span 
80) were obtained from Daejung Chemicals & Metals Co., 
Ltd. (Siheung, South Korea). Hydroxypropyl methylcel‑
lulose and dextran were bought from Shin‑Etsu Chemi‑
cal Co., Ltd. (Tokyo, Japan). Carbopol® 941 was from 
Lubrizol Corp. (Wickliffe, USA). All other materials were 
of the reagent grade.

Method of preparation 

For each solid dispersion formulation, exactly weighed 
amounts of  eprosartan mesylate, HPMC and polysor‑
bate 80 were completely dissolved in 80% (v/v) aqueous 
ethanol to make a  transparent solution. These solutions 
were dried in a tray dryer at 40°C until a constant weight 
was achieved. The dried mass was pulverized and passed 
through a sieve 60. The solid dispersions were stored in 
an  air‑tight 45‑milliliter conical tube. The composition 
of the various solid dispersions is shown in Table 1.

Solubility test 

Excess of the solid dispersion was added to 1 mL of dis‑
tilled water in a  2‑milliliter microtube and vortexed for 
1 min. Each sample was placed in a water bath (25°C) and 
agitated (100 rpm) for 5 days. Then, after centrifugation 

Table 1. The compositions (w/w/w) of the eprosartan mesylate-laden 
polymeric solid dispersions used in the study

Components [g] I II III IV V VI VII

Eprosartan mesylate 1.0 1.0 1.0 1.0 1.0 1.0 1.0

HPMC 1.0 0.9 0.8 0.7 2.1 4.2 5.6

Polysorbate 80 0 0.1 0.2 0.3 0.3 0.3 0.3

HPMC – hydroxypropyl methylcellulose.

http://www.rxlist.com/script/main/art.asp?articlekey=7836
http://www.rxlist.com/script/main/art.asp?articlekey=7836
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(5000 g), 0.5 mL of the supernatant was carefully taken us‑
ing a micropipette and appropriately diluted with ethanol. 
The diluent was analyzed using a HALO DB‑20 UV‑vis‑
ible spectrophotometer (Dynamica Scientific, Ltd., Clay‑
ton, Australia) at a wavelength of 233 nm to determine the 
concentration of eprosartan mesylate.

Drug content determination 

For each formulation, a  carefully weighed quantity, 
equivalent to 50 mg of eprosartan mesylate, was dissolved 
in 100  mL of  80% (v/v) aqueous ethanol in a  100‑milli‑
liter measuring flask. Thus, the theoretical concentra‑
tion of  the stock solution was 500  µg/mL. The solution 
was strained through a 0.45 μm pore‑sized syringe filter 
and the filtrate was diluted appropriately with ethanol. 
Then, using the HALO DB‑20 UV‑visible spectropho‑
tometer, the diluted sample was analyzed at a wavelength 
of  233  nm to calculate the concentration of  eprosartan 
mesylate. The experiment was carried out in triplicate for 
each formulation. The eprosartan mesylate content was 
determined by the following formula:

Xs = Xa / Xt × 100 (1)

where
Xs – the content of eprosartan mesylate [%];
Xa – the actual titer, quantified through the UV‑visible 

spectrophotometer [µg/mL];
Xt – the theoretical concentration [µg/mL].

Dissolution test 

Dissolution was investigated using a  USP Dissolu‑
tion Apparatus 2 (Vision® Classic 6TM; Hanson Research 
Corp., Los Angeles, USA). Each sample, equivalent to 
50  mg of  eprosartan mesylate, was added to 900  mL 
of  a  dissolution medium containing 1% (w/v) SLS.25,26 
The dissolution medium was kept at 37 ±0.5°C by a sur‑
rounding water bath. The paddle was fixed at a rotation 
speed of  100 rpm.19 At each predetermined time point, 
1  mL of  the dissolution medium was sampled, filtered 
(a  pore size of  0.45  μm) and diluted adequately. After 
each sampling, the dissolution medium was immediately 
replenished with the pre‑warmed dissolution medium to 
maintain the sink conditions. The diluted samples were 
examined by the HALO DB‑20 UV‑visible spectropho‑
tometer at a wavelength of 233 nm.

Powder X-ray diffraction 

The crystallinity or amorphousness of the samples was 
assessed using a  Rigaku X‑ray diffractometer (D/MAX‑
2500 PC; Rigaku Corp., Tokyo, Japan). The X‑ray diffrac‑
tion analysis was completed using the Cu Kα1 monochro‑
matic radiation source at a voltage of 50 kV and a current 

of  100 mA. The powder XRD (PXRD) results were re‑
corded in the 10–70° range in the 2θ scanning mode, at 
a scan speed of 5°/min and a step size of 0.02°/s.

Differential scanning calorimetry 

Differential scanning calorimetry was used as a confir‑
matory test for the change of the crystalline form of epro‑
sartan mesylate to the amorphous form in the optimal for‑
mulation. Hydroxypropyl methylcellulose, the eprosartan 
mesylate powder, a physical blend and the optimized solid 
dispersion formulation were analyzed using a differential 
scanning calorimeter DSC Q20 (TA Instruments, New 
Castle, USA). The physical mixture was obtained by mix‑
ing eprosartan mesylate, HPMC and polysorbate 80, in 
the same weight ratio as in the optimal formulation, using 
a mortar and a pestle. About 10 mg of each sample was 
tightly enclosed in the aluminum sample pan and heated 
at 15°C/min in the calorimeter. The test was executed in 
the range of  30–300°C in the presence of  nitrogen gas 
flowing at a rate of 30 mL/min.

Scanning electron microscopy 

The evaluation of the morphology of the pure eprosar‑
tan mesylate powder, HPMC and the optimal solid dis‑
persion was performed using an S‑4800 scanning electron 
microscope (Hitachi, Ltd., Tokyo, Japan). All the samples 
were coated with platinum and inspected under the elec‑
tron microscope. Platinum coating is necessary for proper 
visibility and imaging of the samples; without it, samples 
are either invisible or extremely blurry.

Fourier-transform infrared spectroscopy 

A Nicolet 6700 spectrophotometer (Thermo Fisher Sci‑
entific, Inc., Waltham, USA) was used for the FTIR analyses 
of the optimal formulation, the physical mixture and the indi‑
vidual components. Each sample was appropriately mounted 
on the sample disc under the scanning pin and viewed from 
600 cm−1 to 4000 cm−1 using a resolution of 2 cm−1.

Statistical methods 

In the solubility test, 3 samples were analyzed for each 
polymer, surfactant and formulation. The mean value 
and standard deviation (SD) were determined using MS 
Excel software (Microsoft Corp., Redmond, USA). Dur‑
ing the dissolution test, 6 samples were taken at speci‑
fied time points for each formulation, and the mean val‑
ue and SD were determined. Moreover, values of percent 
dissolved obtained at a specific time point for the opti‑
mal formulation were compared with the corresponding 
values of  each formulation separately, using the t‑test. 
A p‑value of 0.05 was taken as the threshold of statistical 
significance. 
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Results and discussion 
First, to select the most appropriate excipients for a ter‑

nary solid dispersion, the solubility of eprosartan mesylate 
was determined in 1% (w/v) aqueous solutions of each sur‑
factant and hydrophilic polymer. The hydrophilic polymer 
and surfactant in which the drug exhibited the highest ap‑
parent solubility were selected for the preparation of solid 
dispersions. Eprosartan mesylate showed the highest solu‑
bility in HPMC (514.43 ±3.53 µg/mL) and polysorbate 80 
(513.64 ±0.12 µg/mL) among the polymers and surfactants, 
respectively; therefore, they were selected as the most ap‑
propriate constituents for the solid dispersion formulation 
in this study (Fig. 1A and 1B, respectively).

The solvent evaporation method is considered one 
of the most promising methods for the preparation of sol‑
id dispersions in terms of the enhancement of solubility, 

dissolution and oral bioavailability.9,18 In this method, 
the drug and the excipients are completely dissolved in 
a  solvent before drying to achieve molecular‑level mix‑
ing. Therefore, all the components are homogeneously 
present and closely combined in the dried product. This 
improves wetting and enhances the surface area of  the 
drug by converting it to its amorphous counterpart, as 
the polymeric matrix prevents the recrystallization of the 
drug. Normally, during the drying process, the dissolved 
crystalline drug tends to recrystallize from the solution,27 
but this tendency is inhibited when polymeric matrices 
are present in the solution.28,29 In such cases, recrystalli‑
zation is either circumvented completely or crystalline in‑
tensity is diminished considerably.18,27 Both the type30 and 
quantity31,32 of the polymeric matrix play a role in exerting 
this inhibitory effect on recrystallization. The homogene‑
ity of the products was reflected by the high drug content, 
which was 99–101% in all formulations in this study. The 
solvent evaporation method was therefore adopted in our 
study.

All the 7 formulations showed better solubility and dis‑
solution than plain eprosartan mesylate (Fig. 2A and 2B, 
respectively). The solubility for each formulation was as 
follows: I – 3.06  ±0.80  mg/mL; II – 7.69  ±1.93  mg/mL;  
III – 14.25  ±4.11  mg/mL; IV – 23.00 ±3.34  mg/mL;  
V – 34.98  ±3.42  mg/mL; VI – 36.39  ±3.95  mg/mL; and 
VII – 32.01 ±3.92 mg/mL. The dissolution at 10 min was: 
I – 8.94  ±0.70%; II – 23.95  ±3.87%; III – 35.40  ±3.57%;  
IV – 55.27 ±8.02%; V – 85.48 ±10.16%; VI – 86.19 ±4.09%; 
and VII – 84.24 ±5.20%. As the quantity of the surfactant 
increased in formulations I–IV, the solubility and disso‑
lution were improved. This enhanced solubility can be 
accredited to the solubilizing power of  polysorbate 80. 
Formulation IV was then selected, and the further effect 
of HPMC on solubility and dissolution was investigated. 
Hydroxypropyl methylcellulose improved the aque‑
ous solubility and dissolution as compared to formula‑
tion IV. This further improvement can be ascribed to 
the hydrophilic polymer increasing the wettability of the 
drug. In particular, formulation VI showed the highest 
solubility and dissolution; however, the values of formu‑
lations V–VII did not significantly differ from one an‑
other. The solubility of  formulation VI was also higher 
than the solubility of the corresponding physical mixture  
(36.39 ±3.95 mg/mL vs 19.98 ±7.98 mg/mL, respectively).  
Moreover, the dissolution rate of  eprosartan mesylate 
with solid dispersion formulation VI was more rapid than 
the rates achieved by the solid dispersions discussed in 
some recent studies.33,34 As compared to formulation VI,  
the dissolution profile of the corresponding physical mix‑
ture was inferior and erratic. This behavior can be as‑
cribed to the presence of the crystalline form of the drug 
and the heterogeneity of the physical mixture. In conse‑
quence, on the grounds of the highest apparent solubility 
and excellent dissolution, formulation VI was selected as 
the optimal formulation in this study.

Fig. 1. The solubility of eprosartan mesylate in 1% (w/v) aqueous solution 
of various carriers: hydrophilic polymers (A) and surfactants (B). Each value 
denotes the mean ± standard deviation (SD) of 3 trials 

CMC-Na – carboxymethylcellulose sodium; HP-β-CD – 2-hydroxypropyl-
beta-cyclodextrin; PEG-6000 – polyethylene glycol 6000; PVP – polyvinyl-
pyrrolidone; SLS – sodium lauryl sulfate; Solutol HS 15 – poly-oxyethylene 
esters of 12-hydroxystearic acid; span 20 – sorbitan monolaurate 20;  
span 80 – sorbitan monooleate 80.
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The XRD pattern of eprosartan mesylate showed typi‑
cal crystalline peaks (Fig.  3A). Hydroxypropyl methyl‑
cellulose was amorphous; no sharp crystalline peaks ap‑
peared (Fig. 3B). Eprosartan mesylate‑related peaks were 
also observed observed in the pattern of the physical mix‑
ture (Fig. 3C). In contrast, eprosartan was converted into 
the amorphous state in solid dispersion formulation  VI 
(Fig. 3D), as no sharp peaks were seen, unlike the pattern 
of the physical mixture.

Similarly, the DSC curve of eprosartan mesylate showed 
a  deep endotherm at about 251°C at its melting point 
(Fig.  4A), confirming its typical crystalline nature. No 
sharp endotherm appeared in the thermogram of HPMC, 
due to its amorphousness (Fig.  4B). However, a  broad 
endothermic slide was seen between 40°C and 175°C. 

An  eprosartan‑related endotherm was observed in the 
thermogram of  the physical mixture (Fig. 4C); however, 
there was no endotherm in the thermogram of solid dis‑
persion formulation VI (Fig. 4D). This confirmed that the 
drug was present in the crystalline state in the physical 
mixture, but was changed to the amorphous form in the 
solid dispersion. Thus, the DSC results were in harmony 
with the XRD patterns.

The shapes and surfaces of  the particles of  eprosar‑
tan mesylate (Fig. 5A), HPMC (Fig. 5B) and formulation 
VI (Fig. 5C) were observed by means of SEM. The plain 
eprosartan mesylate powder consisted of  rod‑shaped 
crystals with very rough surfaces. The particles of HPMC 
had irregular shapes and surfaces. The particles of formu‑
lation VI appeared as flakes.

In the FTIR spectrum, the chief distinctive peaks of epro‑
sartan mesylate were at 743 cm−1, 772 cm−1, 830 cm−1,  
849  cm−1, and 1154  cm−1 (Fig.  6A). These peaks were 
also clearly seen in the spectrum of the physical mixture 
(Fig. 6C). The spectrum of solid dispersion formulation 
VI (Fig. 6D) overlapped that of the physical mixture; the 
chief distinguishing peaks did not shift. This suggests 
that eprosartan mesylate has no strong bonding with the 
excipients.

Fig. 3. X-ray diffraction (XRD) patterns: eprosartan mesylate (A), HPMC (B), 
the physical mixture (C), and solid dispersion VI (D)

Fig. 4. Differential scanning calorimetry (DSC) thermograms: eprosartan 
mesylate (A), HPMC (B), the physical mixture (C), and solid dispersion VI (D)

Fig. 2. The effect of polysorbate 80 (I–IV) and HPMC (V–VII) on the aqueous 
solubility (A) and dissolution (B) of eprosartan mesylate in solid dispersions; the 
solubility and dissolution of the drug in a physical mixture (PM) is also shown. 
Each value denotes the mean ±SD of 3 solubility trials and 6 dissolution trials 

* p < 0.05 compared with the plain drug powder and formulations I–IV;  
# p > 0.05 compared with formulations V–VII. 
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Conclusions 

Solid dispersion formulation VI, containing eprosartan 
mesylate, HPMC and polysorbate 80 at a ratio of 1.0/4.2/0.3 
(w/w/w), showed the highest solubility (36.39 ±3.95 mg/mL)  
and dissolution (86.19  ±4.09% in 10  min) among all the 
samples tested. The solubility was approx. 170 times higher 
than the solubility of the plain drug powder (36.39 ±3.95 vs  

0.21 ±0.10 µg/mL, respectively). Moreover, eprosartan me‑
sylate was in the amorphous state in solid dispersion formu‑
lation VI, as shown by XRD and confirmed by DSC. Also,  
no covalent bonding existed between the drug and the ex  
cipients, as shown by the FTIR spectra. The particles of the  
formulation had irregular shapes and surfaces, and appeared  
as flakes. In view of the above, this formulation might be 
an effective system for the oral delivery of eprosartan me‑
sylate with improved solubility and dissolution.
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