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Polyethylene Glycol-Based Solid Dispersions to 
Enhance Eprosartan Mesylate Dissolution and 

Bioavailability

Introduction
Cardiovascular diseases are the cause of most mortalities 

worldwide with a staggering 17 million deaths per year [1]. 
One of these lifelong cardiovascular diseases is hypertension. 
Hypertension has a silent mode of progression which results 
in only one out of four hypertensive people to seek medical care 
[1]. Hypertension can be controlled by different therapeutic 
strategies using one or combination of drugs that acts like beta 
blocker, angiotensin-converting enzyme inhibitors or Angiotensin 
II receptors antagonists [2]. Eprosartan mesylate (ESM) is a potent 
antihypertension drug marketed as oral tablets (Teventen®). It acts 
by antagonising the Angiotensin II receptors, resulting in peripheral  

 
blood vessels wideness and blood pressure reduction [3]. The drug 
decreases sympathetic norepinephrine production which also 
results in blood pressure reduction as well [4]. The drug is not only 
well-tolerated but it also presents effective benefit in the secondary 
prevention of cerebrovascular events. ESM has a low potential 
for serious adverse events and has not been associated with any 
clinically significant drug interactions. All of these demonstrate 
ESM as a promising agent for solo or combination antihypertensive 
strategies [5]. The recommended daily starting and maintenance 
dose of ESM when used as monotherapy is 735.8 mg, equivalent 
to 600 mg Eprosartan, available as the commercial Teveten® 600 
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Abstract 

Purpose: The aim of this study was to improve the dissolution  of eprosartan mesylate (ESM) using solid dispersions (SDs). Various compositions 
of polyethylene glycol polymers (PEG) were tested in attempt to improve ESM bioavailability after oral administration. 

Methods: ESM solid dispersions (SDs) were prepared (by solvent method) using mixtures of PEG 3350 or PEG 6000 at various drug-polymer 
ratios (1:1), (1:2), (1:3), (1:4), (1:5) w/w with or without Tween 80 added at 0.1% of drug weight. Physical mixtures (PMs) of drug and carriers 
were also prepared at same ratios and used. Drug solid dispersions and physical mixtures were characterized in terms of drug content and drug 
dissolution using USP II dissolution apparatus. Drug dissolution enhancement ratio (ER) from SD in comparison to the crude drug was calculated. 
Drug- polymer interactions were also evaluated using Differential Scanning Calorimetry (DSC) and Fourier transform infrared (FT-IR).

Results: The in vitro dissolution studies showed that SDs prepared using both polymers produced a remarkable improvement in drug dissolution 
which reached around 32% in comparison to the crude drug (p<0.05). The dissolution enhancement ratio was polymer-concentration dependent 
but up to a certain concentration and this varied according to the used polymer. Adding Tween 80 to the SD did not show further dissolution 
enhancement but reduced the required amount of the polymer to get the same dissolution enhancement. The DSC and FT-IR studies indicated that 
using SD resulted in transformation of drug from crystalline to amorphous form. 

Conclusion: This study indicated that SD prepared by using both polymers i.e. PEG 3350 and PEG 6000 improved the in vitro dissolution of 
ESM remarkably which which could result in improving  in improving the drug bioavailability, but further in vivo studies are required (Graphical 
Abstract).

Keywords: Eprosartan mesylate; Solid dispersions; Solvent method; PEG 3350; PEG 6000; Dissolution test

http://dx.doi.org/10.33552/APPR.2019.02.000537
https://irispublishers.com/appr/
https://irispublishers.com/appr/
https://irispublishers.com/index.php
https://irispublishers.com/appr/


Archives of Pharmacy & Pharmacology Research                                                                                                              Volume 2-Issue 3

Citation: Ismaiel A Tekko, Ola M Ali, Taher Hatahet, Mustafa F Chehna. Polyethylene Glycol-Based Solid Dispersions to Enhance Eprosartan 
Mesylate Dissolution and Bioavailability. Arch Phar & Pharmacol Res. 2(3): 2019. APPR.MS.ID.000537. 
DOI: 10.33552/APPR.2019.02.000537.	

Page 2 of 11

mg tablets. In parallel, ESM has low water solubility (< 0.1 mg/ml) 
and is classified as a Class II drug according to Biopharmaceutical 
Classification Systems (BCS). Considering the drug water-solubility 
value, the drug requires over 5 L of water to dissolve the total dose 
which consequently lead to low and variable oral bioavailability 

(approximately 13%) [6]. Furthermore, this is a relatively high 
dose and requires to be incorporated into large tablets which are 
less preferred in terms of patient compliance [7]. ESM successful 
formulation strategy needs to address drug solubility which is the 
rate-limiting step in drug bioavailability,

Figure 1: Chemical structure of eprosartan mesylate (ESM), PEG 3350, PEG 6000 and Tween 80.
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To overcome the issue problem of low oral bioavailability of ESM, 
efforts to increase its dissolution rate are needed. Several techniques 
have been proposed to increase the dissolution rate of poorly water-
soluble drugs like salt formation, micronization [8], surfactants 
addition [9] and solid dispersions (SDs) [10]. SD method involves 
a dispersion of one or more active ingredients in an inner carrier 
or matrix in the solid state [11]. This method has many advantages 
like particle size reduction, improving wettability properties of the 
compound surface, and drug transformation into its amorphous 
form [12]. Various carriers have been employed including 
Polyethylene glycols (PEGs) [13,14], Poly(vinylpyrrolidone) (PVP) 
[15], Polyacrylate [16] etc. A further increase in drug solubility and 
dissolution can be achieved by the addition of inclusion surfactants 
such as Tween 80 in the formulation containing a polymeric carrier. 
This is attributed to the surfactant ability to prevent precipitation 
and/or protect a fine crystalline precipitate from agglomeration 
into much larger hydrophobic particles, thus enhancing the 
wettability of particles [11,17]. For these reasons, SD technique 
was selected as formulation strategy for ESM. Different methods 
have been proposed to prepare SD including fusion method, spray 
drying, lyophilization, supercritical fluid, and solvent method [18]. 
Solvent method was selected in this work for ESM solid dispersion 
formulation. SD prepared using PEG polymers mixtures (PEG 
3350 and PEG 6000) with Tween 80 at certain ratios have been 
used successfully to enhance the solubility and dissolution rate 
of several molecules like Daidzein [17], Piroxicam [11], Silybin 
[13] and Norfloxacin [14]. However, these well studied polymeric 
combination have not been reported to enhance the dissolution rate 
of ESM. The objective of this study was to evaluate the potential of 
enhancing the dissolution rate of EMS with SD technique using two 
grades of PEG polymers; PEG 3350, PEG 6000. The PEGs were tested 
individually at various (drug: carrier) ratios or in combination with 
0.1 %w/w Tween 80 of drug weight. Physical mixtures of the same 

carriers at the same ratios were also prepared and evaluated as 
controls. The chemical structure of ESM and carriers are presented 
in Figure 1. The prepared SDs were characterized in terms of their 
drug content, in vitro drug dissolution, thermal properties using 
differential scanning calorimetric (DSC) and drug-carrier molecular 
interactions using Fourier Transform Infrared Spectroscopy (FT-
IR). Also, formulations morphology was evaluated using a high-
resolution microscope and compared with the crude drug and its 
physical mixtures (Figure 1).

Materials and Methods
Eprosartan mesylate of pharmaceutical grade (batch no. 

EM0061010, purity 99%) was purchased from Andhra Pradesh, 
India. PEG 3350 and Tween 80 were purchased from Sigma-Aldrich, 
Germany. PEG 6000 from Sasol, Germany. Nylon filters (0.45 µm, 13 
mm) obtained from Millipore, USA. All other used chemicals and 
solvents were of analytical grade and were provided from Sigma-
Aldrich, Germany.

Preparation of solid dispersions (SDs) 

Solid dispersions of ESM (SD-ESM) were prepared by solvent 
method [19]. ESM, PEG 3350, PEG 6000 and Tween 80 were 
accurately weighed using Sartorius R180D analytical lab scale 
balance (Sartorius GmbH, Germany) and mixed according to 
Table 1. The mixtures were dissolved in an appropriate volume of 
methanol and acetone (25:75 v/v). Solvents were, then, evaporated 
at 45°C under reduced pressure using a Rotary Evaporator (Buchi 
215 Rotavapor, Germany) operated at the speed of 100 rpm. The 
final obtained mass was cooled immediately using an ice bath and 
then pulverized and passed through a sieve with a pore size of 112 
µm to produce the SDs. The SDs were left to dry for 48 hours at 
room temperature to remove residual solvents and then stored in 
airtight containers for further tests (Table 1).

Table 1: Composition of the various formulations of eprosartan mesylate solid dispersion (ESM-SD). PEG stands for polyethylene glycol.

Formulation
ESM PEG 3350 PEG 6000 Tween 80

(Drug to carrier ratio) (Drug to carrier ratio) (Drug to carrier ratio) (w/w%) drug weight

SD1 1 1 - -

SD2 1 2 - -

SD3 1 3 - -

SD4 1 4 - -

SD5 1 5 - -

SD6 1 - 1 -

SD7 1 - 2 -

SD8 1 - 3 -

SD9 1 - 4 -

SD10 1 - 5 -

SD11 1 1 - 0.1

SD12 1 2 - 0.1

SD13 1 3 - 0.1

SD14 1 4 - 0.1

SD15 1 5 - 0.1
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SD16 1 - 1 0.1

SD17 1 - 2 0.1

SD18 1 - 3 0.1

SD19 1 - 4 0.1

SD20 1 - 5 0.1

Preparation of physical mixtures (PMs) 

Physical mixtures having the same composition of solid 
dispersions were prepared by simply triturating and homogenizing 
the ESM drug with the polymers and Tween 80 in a porcelain 
mortar. The mixtures were then sieved with a sieve of pore size 112 
µm and stored in airtight containers for further tests.

Eprosartan mesylate assay

A quantitative drug assay was carried out employing a developed 
and validated HPLC method from Patel and co-worker [20], using 
an apparatus of (HPLC LC 20 – AT, Shimadzu, Japan) equipped with 
DAD (SPDM20-A/D2 ) and auto-sampler, ODS column (RP C18, 
5µ,ID: 250×4.5mm) housed at 25ºC. The mobile phase consisted 
of formic acid 0.5%: methanol: and acetonitrile (80:25:20 v/v/v) 
pumped at 1 ml/minute. ESM drug was detected at wavelength of 
232 nm. ESM peak. The developed assay was checked for linearity, 
selectivity, precision, intermediate precision and accuracy. 

Eprosartan mesylate formulation yield 

The SD`s drug content was determined in triplicates by 
accurate weighing of amount equivalent to 50 mg of ESM. These 
samples were dissolved in 10 ml of methanol in stopper conical 
flasks. The sealed flasks were agitated on a rotary shaker for 1 hour. 
The solution was diluted with methanol, filtered and analysed for 
ESM content using the above described HPLC method. The yield of 
formulation was calculated using the following equation: 

( )
(%) 100 weighed HPLC

weighed

Q Q
Formulation yeild

Q
−

= × ….. Equation (1)

Where: Q weighed is the amount of drug weighed at the 
beginning of SD preparation. QHPLC is the amount of drug detected 
at the end of SD preparation.

In vitro dissolution

The In vitro dissolution studies were carried out for 1 hour 
in triplicate for crude ESM, PMs and SDs using Copley (Copley 
Scientific, UK) dissolution test apparatus Type II (Paddle) at 
rotation speed of 75 rpm. The dissolution medium was 1000 ml 
phosphate buffer 0.2M at pH=7.5. The temperature was maintained 
at 37±0.3°C throughout the study [21]. Predetermined weights of 
crude ESM, PMs and SDs equivalent to 300 mg of ESM were taken 
for test. At predetermined time intervals (0, 15, 30, 45 and 60 
minutes), samples of (5 ml) were withdrawn and replaced with 
an equal amount of fresh dissolution medium. The withdrawn 
samples were filtered through 0.45 µm nylon filters and analysed 
by HPLC at 232 nm (method in section 2.3). Dissolution profiles 
were plotted as the mean percentage of released drug versus time. 

The percentage of dissolution enhancement percentage (DE%) was 
calculated using the following equation:

( )
(%) 100 sd pd

pd

Q Q
Dissolutionenhancment percentage

Q
−

= ×
 

…. Equation (2)
Where: QSD is the amount of drug released from its solid 

dispersion after 15 minutes of dissolution test commencing. QPD 
is the amount of drug released from its crude drug powder after 15 
minutes of test dissolution test commencing.

Differential scanning calorimetry (DSC) 

The thermal behaviour of crude ESM, empty carriers, PMs 
and SDs, were evaluated using differential scanning calorimetry 
(DSC, model PT10, Linseis, Germany). DSC measurements were 
performed at a heating rate of 10°C /min within a range of 25-
310°C using aluminium pans without seals. An empty aluminium 
pan was used as a reference. Samples of 3-10 mg of crude ESM, 
empty carriers, PMs, and SDs were accurately weighed, placed in 
aluminium pans and tested to determine melting point (Tm) for 
the crystalline form and Glass Transition Temperature (Tg) for 
amorphous form of ESM.

Fourier transform infrared spectroscopy (FT-IR) 

The infrared spectra of crude ESM, empty carriers, PMs and 
SDs were recorded using FT-IR (Bruker, Germany) Samples were 
prepared using KBr disk method with around 5 mg of sample mixed 
with KBr at 2%, the scanning was performed between 400 to 4000 
cm-1. OPUS Spectroscopy Software was used for the normalization 
and treatment of the obtained spectra.

Microscopic studies

A sample of SDs prepared with PEG3350 in ratio (1:2) was 
taken to study the shapes and diameters of SDs using Olympus 
CX31 (Olympus Corporation, Japan) photos were compared to 
those of crude ESM.

Statistical analysis

One Way Analysis of Variance (ANOVA) was used to determine 
the presence of any significant differences in dissolution rates 
(p<0.05) among the test groups. All other figures were created 
using Microsoft Excel 365 software (Microsoft, USA). 

Results and Discussion

Eprosartan mesylate assay 

HPLC is the method choice for the quantification of active 
substances in formulation due to its ability to separate excipients 
by chromatography [22]. The developed method was selective for 
ESM in the presence of other SD formulation excipients and the 
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retention time for ESM was 15.8 minutes. The method was linear 
for ESM over a concentration range from 10 to 200 µg/ml with a 
correlation coefficient of r2=0.99999. Table 2 shows the precision 
of the method with RSD% of less than 1.5% recorded at all tested 
concentrations (n=3). The intra-day and inter-day precision 
was also established and all RSD% values were less than 1.5%. 
Finally, method accuracy was investigated by injecting a reference 

concentration of ESM and compared the results obtained to the 
true value Table 3. shows accuracy values, where the percentage 
yield falls in the range of 99.8 to 101.0 %. Based on the below data, 
the developed HPLC method can be regarded as a suitable method 
for ESM analysis in the subsequent steps of the study (Table 2,3 and 
Figure 2).

Figure 2: HPLC method selectivity for eprosartan mesylate (ESM) in the presence of other solid dispersion (SD) excipients.

Table 2: Intra-day and Inter-day precision values for eprosartan mesylate HPLC detection method. Data reported as mean ± SD (n=3).

Concentration (µg/ml) 10 50 100 150 200

Intra-day Precision
SD 10.10 ± 0.1 49.77 ± 0.15 100.31 ± 0.93 149.64 ± 0.32 200.16 ± 0.37

RSD% 1.14 0.31 0.93 0.21 0.18

Inter-day precision

Day 1 10.05 49.42 101.85 149.73 199.06

Day 2 10.13 49.6 100.04 149.27 199.74

Day 3 10.03 49.51 101.98 149.53 199.69

Average 
concentration 10.07 49.51 101.29 149.51 199.5

SD 0.05 0.09 1.09 0.23 0.38

RSD% 0.52 0.18 1.07 0.16 0.19
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Table 3: Accuracy values for eprosartan mesylate HPLC detection method. Data reported as mean ± SD (n=3).

Reference sample 
concentration (µg/ml) 10 50 100 150 200

Analysed concentration 
(µg/ml) 10.10 ± 0.11 49.77 ± 0.15 100.31 ± 0.93 149.64 ± 0.32 200.16 ± 0.37

Yield % 101.0 ± 1.1 99.6 ± 0.3 100.3 ± 0.9 99.8 ± 0.2 100.1 ± 0.2

Eprosartan mesylate formulation yield 

ESM was successfully formulated in different SDs, the drug 
content of formulations was found to be in the range (94 -102 %) 
by HPLC method (section 2.3 and 3.1). Thus, the proposed solvent 
method which was used to prepare the SDs in this study appears 
to be a good and reproducible method to prepare a stable and 
homogenized SDs.

In vitro dissolution studies

Dissolution profiles of the solid dispersions of ESM prepared 
with either PEG3350 or PEG 6000 alone and in combination with 
Tween 80 added at constant concentration (0.1%, w/w) in relation 
to the drug itself are shown in Figure 3. In vitro dissolution test 
exhibited a considerable improvement in the amount of released 
drug from solid dispersions in comparison to that from crude 
drug in the dissolution medium used (p<0.05). The percentage 
of released drug after 15 minutes from dissolution testing of the 
crude ESM and its SDs and the enhancement ratios (ER) are shown 
in (Table 4). The percentage of released drug from the crude drug 
was around 70% of the dose after 15 minutes and 86% after 60 
minutes of the dissolution testing (Figure 3a). Applying the solid 

dispersion technique using polymers of PEG 3350 or PEG 6000 lead 
to a significant dissolution enhancement ranged between 19.5% 
and 31% in comparison to that from the crude drug (p<0.05) 
(Figure 3a,3b). Using PEG 3350 and PEG 6000 polymer as carriers 
in ESM-SD enhanced ESM dissolution rate independent of polymer 
ratio (p>0.05). Within the first 15 minutes of the study. The highest 
dissolution enhancement ratio was obtained at (drug: carrier) of 
1:5 and with PEG 3350 and was 31%, while the lowest was 19% 
and was observed with PEG 6000 at drug: carrier ratio of 1:1. After 
one hour in the dissolution medium, more than 90% of ESM was 
released from all formulations indicating a complete drug release. 
The SD 20 formulation with PEG 6000 and Tween 80 enabled 
the highest drug release with highest dissolution enhancement 
percentage of 40% (Figure 3d). This can be brought back to the 
reduction of particle size and the increase of formulation wettability 
by the addition of Tween 80 [12,23]. Surprisingly, the lowest DE% 
(24%) was observed with SD 15 which differs from SD 20 only by 
the grade of PEG used (3350 with SD 15 and 600 with SD 20). In 
general, SDs formulated with PEG 6000 and Tween 80 showed the 
fastest and the highest dissolution rate for ESM (Figure 3 and Table 
4).

Figure 3: Dissolution profiles of eprosartan mesylate (ESM) from solid dispersions (SDs) prepared using PEG 3350, PEG 6000 carriers alone 
and in combination with Tween 80, (a) SDs with PEG 3350 (b) SDs with PEG 6000 (c) SDs with PEG 3350 + Tween 80 and (d) SDs with 
PEG6000 + Tween 80. PEG stands for polyethylene glycol. Data reported as mean ± SD (n=3).
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Table 4: In vitro drug release of eprosartan mesylate (ESM) from solid dispersions (SDs) prepared with PEG 3350, PEG 6000 with or without Tween 
80 in the first 15 minutes of dissolution testing. DE% stands for dissolution enhancement percentage and PEG stands for polyethylene glycol. Data 
reported as mean ± SD (n=3).

Carriers Crude 
ESM PEG 3350 PEG 6000

Solid dispersion 
formulation (drug: 

carrier, w/w)
- SD1 (1:1) SD2 

(1:2) SD3 (1:3) SD4 (1:4) SD5 
(1:5) SD6 (1:1) SD7 (1:2) SD8 (1:3) SD9 (1:4) SD10 

(1:5)

% Drug Released 
after 15 min. 70.7±0.2 85.3 ±1.8 85.6±1.3 87.5±0.5 87.9±1.9 92.6±0.4 84.2±1.0 85.3±0.3 91.1±0.6 91.7±0.4 88.5±0.8

DE% - 21 21 24 25 31 19 20 29 30 25

Carriers Crude 
ESM PEG 3350 + Tween80 PEG 6000 + Tween80

Solid dispersion 
formulation (drug: 

carrier, w/w)
- SD11 

(1:1:0.1)
SD12 

(1:2:0.1)
SD13 

(1:3:0.1)
SD14 

(1:4:0.1)
SD15 

(1:5:0.1)
SD16 

(1:1:0.1)
SD17 

(1:2:0.1)
SD18 

(1:3:0.1)
SD19 

(1:4:0.1)
SD20 

(1:5:0.1)

% Drug Released 
after 15 min. 70.7±0.2 86.9±0.4 92.1±1.9 93.5±1.3 87.5±0.7 87.7±0.9 86.5±0.9 87.4±1.2 87.5±1.0 92.6±0.9 93.1±1.4

DE% - 23 30 32 24 24 22 24 24 31 32

Differential scanning calorimetry (DSC) studies

The molecular interactions between the drug and the polymers 
used in preparation of the solid dispersions are evaluated by 
conducting a thermal analysis on the fabricated solid dispersions 
using DSC. Thermograms of crude ESM and ESM-SDs are shown in 

Figure 4. The thermograms of crude Eprosartan Mesylate (ESM) 
and its solid dispersions (SDs) with PEG 3350 and PEG 6000 alone 
and in combination with Tween 80: (a) SDs with PEG3350 (b) SDs 
with PEG 6000 (C) SDs with PEG 3350 + Tween 80 and (d) SDs with 
PEG 6000 + Tween 80. PEG stands for polyethylene glycol (Figure 
4).

Figure 4: The thermograms of crude eprosartan mesylate (ESM) and its solid dispersions (SDs) with PEG 3350 and PEG 6000 alone and in 
combination with Tween 80: (a) SDs with PEG3350 (b) SDs with PEG 6000 (C) SDs with PEG 3350 + Tween 80 and (d) SDs with PEG 6000 
+ Tween 80. PEG stands for polyethylene glycol.
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Thermal study of SDs prepared with PEG 3350: The thermal 
study of ESM and PEG3350 are presented in Figure 4a. The 
thermogram of ESM showed a sharp endothermic peak at 256°C 
corresponding to the melting point of the drug [24]. Regarding 
SDs prepared with PEG3350, a wide peak appeared around 60°C 
which is the melting point of PEG 3350 [25]. Physical mixtures 
thermograms exhibited both the drug and the polymer peaks, but 
broadened ones with reduced intensity Figure 4a. This could be 
attributed to the complete miscibility of molten drug in the polymer, 
as a result of homogeneous distribution of drug in the surface of 
the polymer [26]. With PEG 3350 SDs, only formulation with ratio 
of (1:1) showed a small peak at 247°C. and this can be explained 
by part of ESM is still in a crystalline form [27]. Whereas all other 
thermograms of PEG 3350 SDs showed only the peak of PEG3350 
with the absence of ESM peak. This indicates that the whole drug 
has changed to amorphous form [28].

Thermal study of SDs prepared with PEG 6000: Thermograms 
of SDs of ESM prepared with PEG6000 are presented in (Figure 4b). 
PEG 6000 thermograms show and endothermic peak at around 70°C 

which is also observed elsewhere and attributed to the oxidation 
of PEG 6000 [29]. SDs thermograms showed the presence of PEG 
6000 peaks and a very small peak related to the melting point of 
ESM and shifted towards lower temperatures. This peak is clearly 
observed in the curve of SD (1:1) at 251°C (Figure 4b). This could 
be explained by some amount of ESM still in crystalline form and 
not molecularly dispersed in the polymer matrix [30].

Thermal effect of Tween 80 addition to SDs prepared with 
PEG 3350 and EPG 6000: For SDs prepared from ESM mixed with 
PEG 3350: Tween 80 (Figure 4c). and PEG 6000: Tween (Figure 4d). 
respectively. The DSC studies showed that the thermal behaviour of 
a PEG-Tween 80 mixture is similar to that of the PEG`s alone in SDs 
formulations. This is a further confirmation to what was observed 
by Morris et al, that Tween 80 up to 50% doesn’t influence PEG 
melting point and Tween 80 is incorporated into the amorphous 
region of PEG solid structure [31]. ESM peaks were absent from the 
thermograms of ESM-SDs which indicates that the drug has been 
transformed into amorphous form with SDs [28].

FT-IR spectroscopy studies

Figure 5: The FTIR spectrum of eprosartan mesylate (ESM).

FTIR spectroscopy was carried out to further elucidate the 
interaction between ESM and the carriers in the SDs. The FTIR 
spectrum of crude ESM is shown in (Figure 5), ESM has three 
characteristic bands for the OH groups which were found at 2931, 
2957 and 3105 cm−1. The peaks corresponding to two CO groups 
are found at 1693 and 1714 cm−1. The peak for the SO2 group 
appeared at 1217 cm−1. The peaks come in agreement to previous 
reports on ESM IR spectrum [32]. The ESM-SDs (1 to 20) are shown 
in (Figure 6), the spectra of PEG3350, and PEG6000 are similar 
due to their similar structure and exhibited a broad OH stretching 
vibration from 3200 to 3650 cm−1 (Figure 1,6a,6b). The peaks 
obtained with our sample are different from previously reported 
[33,34]. This can be explained by the source of PEG, the machine 
type, preparation method of sample and residual and impurities 
found in PEG [35]. In the spectra of SDs the absorption bands of 
OH groups were changed or disappeared. It could be attributed to 
hydrogen bonds formed between the OH groups of ESM and the 

oxygen atoms in the polymers [36]. In addition, a broadening of 
transmittance occurred also for CO and SO2 groups in ESM (Figure 
1). These observations might indicate the presence of hydrogen 
bonds between the drug and the carriers resulting in reducing in 
drug recrystallization [37], these types of hydrogen bond extending 
the stability of the amorphous form of Griseofulvin in the solid 
dispersions [38]. It is worth noting that previous report on ESM-
SD prepared with polyvinyl alcohol (PVP K 30) as carrier did not 
show any interaction between ESM and PVP [32]. The addition of 
Tween 80 to SDs did not show any clear change in the recorded 
FTIR spectra (Figure 6c,6d) when compared to SDs without Tween 
80 (Figure 6a,6b). The broadening of some of ESM characteristics 
peaks and the absence of others in SDs formation suggest that ESM 
is in its amorphous state with the solid dispersion. the amorphous 
form of ESM presents a higher dissolution ability than the crude 
drug [24] (Figure 5,6).
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Figure 6: FTIR spectra of eprosartan mesylate solid dispersions (ESM-SDs) and PEG3350, PEG6000, (a) SDs with PEG 3350, (b) SDs with 
PEG 6000, (c) SDs with PEG 3350 + Tween 80, and (d) SDs with PEG 6000 + Tween 80. PEG stands for polyethylene glycol.

Microscopic studies

The higher in vitro dissolution rate of ESM from SD can also 
be attributed to the lower particle size obtained for ESM after 
incorporation into SDs. Microscopic images of crude ESM and 

ESM-SD 2 proofed the reduction of particle size of ESM in the SD 
compared to crude form (Figure 7a,7b). The lower particle size 
leads to higher surface area and higher dissolution rate according 
to Noyes–Whitney equation [39], (Figure 7).

Figure 7: Microscopic images of (a): Crude ESM, and (b) SD 2 (1:2) with PEG3350. PEG stands for polyethylene glycol. Magnification scale 
is 40x.
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Conclusion
 Eprosartan mesylate, a hypotensive agent, suffers from poor 

water solubility and reduced oral bioavailability. The present study 
investigates solid dispersions of eprosartan mesylate prepared with 
the water-soluble carriers PEG 3350, PEG 6000 individually and in 
combination with Tween 80 using solvent evaporation method. The 
use of solid dispersion strategy showed significant increase in vitro 
dissolution rate of eprosartan mesylate. All formulations doubled 
the release rate of eprosartan mesylate compared to the crude drug 
within the first 15 minutes of the study. At the end of the in vitro 
dissolution study, the released eprosartan mesylate was 10% higher 
in SDs prepared with PEG 6000 and Tween 80 than crude drug. 
This observation could be interpreted by the amorphous nature of 
eprosartan mesylate inside solid dispersion formulations confirmed 
by FTIR studies and the increased wettability of formulation by the 
addition of Tween 80 and the hydrophilic polymer (PEG). Also, 
microscopic images showed a decrease in particle size between the 
crude drug and the solid dispersion which increased the surface 
area between the formulation and the dissolution medium and lead 
to an enhanced drug release rate. This formulation strategy can be 
used to improve the oral bioavailability of eprosartan mesylate. 
Further studies are required to define the correlation between the 
observed in vitro results and the in vivo situation.
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