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ABSTRACT: Sumatriptan succinate, a selective 5-hydroxytryptamine-1
receptor agonist, is an antimigraine drug with bitter-taste. The present study was
performed to prepare and evaluate eudragit-E microparticles containing
sumatriptan and formulate fast disintegrating tablets of drug microparticles to
increase patient-compliance and improve the efficacy of drug. Microparticles
were
prepared
by
solvent-evaporation
method
using
waterdichloromethane/PVA and water-dichloromethane/liquid paraffin systems. The
effect of different variables (polymer:drug ratio, PVA concentration and solvents
combination ratios) on particle size and encapsulation efficiency of the
microparticles was investigated. The final microparticles were evaluated for
particle size, loading percent, taste-masking, thermal analysis and in-vitro
release profile. The drug loading were higher in w/o/o emulsion than w/o/w.
Mean particle size was not statistically different for different formulations.
Sumatriptan release rate from eudragit-E microparticles was very fast in HCl 0.1
N medium and release profile was acceptable for fast disintegrating tablets. The
prepared tablets were evaluated for in-vitro disintegration time, weight variation,
hardness, friability and in-vitro drug release. The optimized formulation (F6)
(provided a pleasant taste and mouth-feel) disintegrated within 20 seconds and
released more than 70% of drug within 15 minutes. Tablets formulated by drug
loaded eudragit-E microparticles could be a promising formulation for tastemasking and decreasing failure in triptans therapy.

INTRODUCTION: Microparticles are one of the
novel drug delivery systems and are prepared to
obtain controlled drug delivery, improve
bioavailability, target drug to specific sites, reduce
side effects or manipulate onset of action and
improve patient compliance.1 Multiparticulate
systems were entered the field of dosage form
design when the application of polymers in
pharmacy was introduced.
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Polymers are being increasingly used in drug
delivery systems as drug carriers, solubility
enhancers and formulation excipients especially in
tablet dosage forms. There are a variety of
polymers that are now being used for preparation or
coating of microparticles. Choice of the polymer
depends on the ultimate goal of designing the
delivery system. Eudragit E is a cationic copolymer
based on dimethylaminoethyl methacrylate, butyl
methacrylate, and methyl methacrylate. Region of
drug release from eudragit E polymer is in stomach
and this polymer is dissolved at pH values less than
5. 2, 3 Moreover, it is not dissolved in buccal cavity
(pH 5.8-7.4) and keeps the coated drug intact,
therefore, it could be a suitable candidate for taste
masking of bitter taste drugs such as sumatriptan, a
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drug which is used in palliative treatment of
migraine. 4 Migraine is a chronic and mostly
unilateral headache that its symptoms are often
started with nausea, vomiting and light and sound
sensitivity.5 Migraine headaches require proper
treatment in a short time. Sumatriptan succinate, a
selective 5-hydroxytryptamine-1 receptor agonist,
is an effective antimigraine drug which is effective
for acute treatment of migraine via oral route.6
Dosage forms of sumatriptan which are now
available in the market include oral tablets,
injection and nasal spray.
Injections are formulations of choice for emergency
situations, but pain at the site of injection and need
to a trained person for administration limits their
use. 7 Conventional tablets present some limitations
such as difficulty in ingestion of drug where the
patients have little or no access to water. Moreover,
for patients with severe nausea or vomiting during
migraine headache, ingestion of tablet may
aggravate vomiting. 8 Indeed, regular tablets are
disintegrated in the stomach, so absorption and
onset of action is a little bit delayed and treatment
efficiency may be decreased. 9 Therefore, the orally
fast disintegrating tablets (ODTs) of sumatriptan
succinate could be a valuable alternative for current
formulations. 10, 11 The advantages of ODTs mainly
include ease of administration to patients who
suffer from swallowing problems such as elderly,
pediatrics and bedridden patients, 12, 13 taste
masking and good mouth feel, fast dissolving with
less or no water and rapid absorption. 14, 15
Sumatriptan succinate is a highly water soluble and
bitter drug. If it is used directly in to ODTs, patient
compliance and rapid action of drug would not be
achieved.
Our aim was to develop orally fast disintegrating
tablets of eudragit E microparticles containing
sumatriptan succinate to mask bitter taste, improve
efficacy of drug and increase patient compliance.
The microparticles were prepared by double
emulsion solvent evaporation technique and the
ODTs were prepared by direct compression
method. Characterization of particles and tablets
were performed based on particle size, loading
percent, drug release profile, disintegration time,
weight variation, hardness, friability and thermal
analysis.
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MATERIALS AND METHODS:
Materials: Sumatriptan succinate was a gift sample
from Osve Pharmaceutical Company (Tehran,
Iran). Eudragit E, crosspovidone (polyplasdone),
Ac-Di-sol were obtained as gift samples from Exir
Pharmaceutical Company (Borujerd, Iran). Poly
vinyl alcohol (PVP) was purchased from Fluka
(Germany). Dichloromethane, hydrochloric acid
(HCl 37% w/w), disodium hydrogen phosphate,
potassium dihydrogen phosphate, sodium chloride,
sodium hydroxide, methanol, microcrystalline
cellulose (Avicel), sodium saccharin, magnesium
stearate, Tween 80, Span 60, paraffin and n-hexane
were purchased from Merck (Germany).
Preparation
of
sumatriptan
succinate
microparticles:
Sumatriptan
succinate
microparticles were prepared by double emulsion
solvent evaporation technique reported before with
some modifications. 16, 17
w/o/w emulsion solvent evaporation: For w/o/w
emulsion, constant amount of sumatriptan succinate
was dissolved in deionized water by vortexing
(VELP, Spain) and bath sonicator (TECNO-GAS,
Italy). Eudragit E was also dissolved in
dichloromethane and then aqueous solution of drug
was added to dichloromethane solution under probe
sonicator (Hielscher, Germany) to prepare a w/o
emulsion. The new emulsion (1ml) was added to 10
ml aqueous solution of PVA under homogenizer at
10000 rpm (Heidolph, Germany) for 10 min and
the final mixture was stirred for 24 h to solidify
particles
by
complete
evaporation
of
dichloromethane. Different drug: polymer ratios of
1:2, 1:3 and 1:4 and different percentages of PVA;
0.5%, 1% and 2% were examined to obtain
particles with suitable size and higher drug loading.
After evaporation of dichloromethane, the
microparticles were collected by centrifuge at
10000 rpm and washed 3-4 times with deionized
water and stored at -72 °C and lyophilized. All
microparticles were prepared in triplicate.
w/o/o emulsion solvent evaporation: The
formulation with 1:3 drug to polymer ratio and
highest loading percentage from the previous step
was prepared with paraffin as the external phase of
the emulsion. In this method deionized water
containing 0.25% Tween 80 and dichloromethane
as for previous section at ratios of 1:3 and 1:5 were
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used to dissolve drug and polymer, respectively and
the primary w/o emulsion was prepared. The
resulting emulsion was then added to 50 ml liquid
paraffin containing 0.05% Span 60 in 10 min and
stirred
for
24h.
After
evaporation
of
dichloromethane and formation of microparticles,
the microparticles were centrifuged at 1500 rpm
and washed 3-4 times with n-hexane and water and
finally stored at room temperature to dry
microparticles. All microparticles were prepared in
triplicate.
Determination of particle size of microparticles:
Particle size measurements were performed using a
particle size analyzer SALD 2100 (Shimadzu,
Japan). Microparticles were dispersed in water and
sonicated for 5-10 min using bath sonicator to
disperse particles and prevent aggregation. Samples
were analyzed in triplicate.
Determination
of
drug
loading
and
encapsulation efficiency percentage:
Microparticles prepared by w/o/w method: Five
mg of microparticles was dissolved in
dichloromethane and then sonicated to dissolve the
polymer. Dichloromethane was then evaporated
under nitrogen stream and 5 ml deionized water
was added to precipitate the polymer and the
resulting mixture was sonicated to dissolve the
drug. Further, the solution was centrifuged at 5000
rpm and the clear supernatant was analyzed by
UV/Visible
spectrophotometer
1650
PC
(SHIMADZU, Japan) at 284 nm. Encapsulation
efficiency and drug loading percentage were
calculated using following equations:

Microparticles prepared by w/o/o emulsion: Five
mg of microparticles was dissolved in methanol
and then sonicated to dissolve the polymer.
Subsequently, deionized water was added to
precipitate polymer and the mixture was sonicated
to dissolve the drug. The final mixture was then
centrifuged at 5000 rpm and supernatant was
analyzed by UV/Visible spectrophotometer at 284
nm. Encapsulation efficiency and drug loading
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percent were calculated using above mentioned
equations.
Determination of emulsion type: Type of the
emulsion formed in the method would determine
the size and encapsulation efficiency of the
particles. Therefore, the type of emulsion prepared
was determined by measuring the conductivity of
the solutions. Conductivity of deionized water, a
0.9% NaCl solution and the prepared emulsion was
measured by conductometer. Theoretically, for w/o
emulsion conductivity should be near to zero while
the o/w emulsion would show some conductivity.
In vitro taste masking: Fifteen mg of
microparticles and an equivalent amount of mixture
of sumatriptan succinate (3 mg) with eudragit E (12
mg) were weighed and then 5 ml phosphate buffer
(pH 6.8) was added and the mixture was kept for
60 sec. Phosphate buffer was used to mimic the pH
and conditions of saliva. After this time, the
suspension was filtered. The filtrate was analyzed
for drug content with UV spectrophotometer at 284
nm. The experiment was run in triplicate.18
Thermal analysis: Thermal behavior of drug,
polymer and microparticles was evaluated by
Differential Scanning Calorimetry (DSC) (302,
Bahr Thermoanalyse, Germany). 5 mg of each
sample was accurately weighed and sealed in
aluminum pans and was heated from 30 to 300 °C
at the rate of 10 °C/min. An empty pan was used as
the reference.19
In vitro release studies of microparticles: The
drug release profile of the microparticles with
maximum loading percent (20%) was studied.
Accurately weighed samples of microparticles were
added to 50 ml HCl 0.1 N and kept in shaker
incubator at 37 °C with a speed of 70 rpm. At
predetermined time intervals a 5 ml sample was
withdrawn and replaced by an equal volume of
fresh medium to keep the volume constant. The
concentration of drug in samples was analyzed by
UV spectrophotometer at 284 nm.
Microscopic analysis: Morphology of the
microparticles was studied using optical
microscope Novex µSmart (Euromex, Netherlands)
with a magnification of 100.
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Preparation of tablets: The orally disintegrating
tablets were prepared by direct compression
method. The ODTs (formulation F1 to F6)
consisted of 50 mg of the selected microparticles
(with maximum loading), avicel, crosspovidone,
sodium saccharin and vanillin as shown in Table 1.
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Magnesium stearate was added as lubricant before
compression. The powder was compressed on a
tableting machine (AR400, ERWEKA, Germany).
The tablets weight was kept at 215-228 mg and
hardness was maintained in the range of 4-5 kg.

TABLE 1: FORMULATION COMPOSITION OF ODTS
Ingredients (mg)
F1
F2
Microparticles
50
50
Sorbitol
80
50
Avicel
30
60
Crosspovidone
25
25
Ac-Di-Sol
25
25
Na Saccharin
1
1
Mg Stearate
4
4
Vanillin
-

Evaluation of tablets:
Weight variation, hardness and friability:
Twenty tablets were selected randomly to weigh
individually using a digital balance (Sartorius,
Germany) and then average and standard deviation
of weight were calculated. 20 Hardness of the
tablets was assessed using an ERWEKA hardness
tester (Germany). The mean hardness of 10 tablets
was obtained. To measure the friability of the
tablets, 10 tablets were weighed and placed in
friability test apparatus rotated at 25 rpm for 4 min.
Thereafter, tablets were weighed again and
friability (%) was calculated using following
equation:
F
In vitro disintegration time: 10 tablets were
individually placed in 10 ml distilled water and the
time to disintegrate completely was recorded.
In vitro dissolution study: The dissolution profile
of the selected formulation of tablets (formulation
F6) with in vitro disintegration time less than 60
sec was studied in 250 ml HCl 0.1 N and in
phosphate buffer (pH 6.8) using USP dissolution
apparatus type II (ERWEKA, Germany).
Dissolution medium temperature was 37 ± 0.5 °C
and paddle speed was set to 50 rpm. Samples were
withdrawn and analyzed as reported for
microparticles.21, 22

F3
50
100
25
50
1
3
1

F4
50
100
50
25
1
3
1

F5
50
100
25
25
1
3
1

F6
50
100
50
25
1
3
-

formulation of sumatriptan succinate were tested by
10 healthy human volunteers. The taste was rated
on a scale of 1 (very bitter), 2 (bitter), 3 (fair) and 4
(pleasant).
RESULTS: Taste masking of bitter taste
sumatriptan succinate along with fast disintegration
and release were two important goals in this study.
Firstly, w/o/w emulsion was used to prepare
microparticles. Although many formulations with
different polymer: drug ratios and PVA percent
were tried, suitable amount of loading percentage
was not achieved. Therefore, w/o/o emulsion was
used to improve maximum drug loading
percentage. Results of conductometry showed that
for the first emulsion prepared and deionized water,
conductivity was zero while for NaCl solution 25.1
millisiemens was recorded. These results show that
the continuous phase of the emulsion is not
conductive and therefore the emulsion is w/o. Table
2 shows the details of different combinations of
variables tested for optimization of size and loading
of particles.
Evaluation of microparticles:
Particle size: The mean particle size of
microparticles in w/o/w emulsion when stirrer and
homogenizer used as external force are shown in
Table 2. The mean particle size of microparticles
prepared by w/o/o emulsion method was 1 µm.

Determination of tablets taste by volunteers: The
optimized formulation (F6) and a non taste-masked
International Journal of Pharmaceutical Sciences and Research
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Formulation

Eudragit E (mg)

Sumatriptan
succinate (mg)

polymer/drug ratio

PVA% (mg/100ml)

Homogenizer rate
(rpm)

Mean particle size

stirrer rate (rpm)

Mean particle size

TABLE 2: COMBINATION OF DIFFERENT VARIABLES USED FOR OPTIMIZATION OF PARTICLES

1
2
3
4
5
6
7
8
9

40
60
80
40
60
80
40
60
80

20
20
20
20
20
20
20
20
20

2
3
4
2
3
4
2
3
4

0.5
0.5
0.5
1
1
1
2
2
2

10000
10000
10000
10000
10000
10000
10000
10000
10000

*
*
*
1.04 ± 0.06
1.41 ± 0.10
5.78 ± 1.78
1.08 ± 0.18
1.43 ± 0.11
3.79 ± 0.33

1500
1500
1500
1500
1500
1500
1500
1500
1500

3.11 ± 2.08
5.70 ± 1.65
5.30 ± 0.99
3.76 ± 1.78
1.54 ± 0.58
4.90 ± 1.15
4.42 ± 0.99
3.87 ± 1.46
5.92 ± 1.45

* No particle was formed.

Encapsulation efficiency and drug loading
percent: Polymer: drug ratio was an important
factor in drug loading. Encapsulation efficiency
and drug loading were decreased by increasing
polymer: drug ratio from 2 to 4. By increasing
PVA%, 0.5 to 2, drug loading was increasing but
effect of this increase in PVA percent of 1 and 2
was not significant. Therefore, formulations 4 to 9

were also prepared with homogenizer as external
force to increase drug loading. Results showed that
formulation 5 and 8 with homogenizer provided
maximum drug loading. Table 3 summarizes the
results of drug loading and encapsulation efficiency
of different formulations prepared by w/o/w
method.

TABLE 3: ENCAPSULATION EFFICIENCY AND DRUG LOADING OF FORMULATIONS PREPARED BY W/O/W METHOD

Formulations

1
2
3
4
5
6
7
8
9

Stirrer
Encapsulation
Efficiency%
_
12.95
14.83
13.8
12.9
8
24.7
19
7

Comparsion of drug loading in w/o/w and w/o/o
methods: Sumatriptan succinate encapsulation
efficiency was higher in w/o/o emulsion
(drug/polymer ratio of 1:3) than w/o/w. Drug
loading in microparticles when paraffin was used
as external phase was 20 ± 1.8%, which was 5-fold
higher than w/o/w method.

Drug
Loading%
_
3.23
2.96
4.6
3.2
1.6
8.2
4.75
1.4

Homogenizer
Encapsulation
Drug Loading%
Efficiency%
_
_
_
_
_
_
_
_
17.31
4.32
13
2.6
16.31
5.38
22.6
5.65
11.7
2.34

In vitro taste masking of microparticles: Taste
masking ability of the selected formulation with the
highest loading percentage was tested and the
results are shown in Table 4.

TABLE 4: RESULTS OF TASTE MASKING ABILITY OF MICROPARTICLES
Samples
Calculated
Release percentage
Calculated
concentration of
of physical mixture
concentration of
physical mixture of drug
of drug and
microparticles
and polymer µg/ml
polymer
µg/ml
1
464.2
77.36
101.4
2
437.5
72.92
76.6
3
481.9
80.32
71.6
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Thermal analysis: Fig. 1 shows the characteristic
endothermic peaks of Eudragit E, sumatriptan
succinate and microparticles with their melting
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points. The reported sumatriptan succinate melting
point is 169-171°C. DSC analysis of microparticles
revealed no major peak in the range 30-300°C.

FIG. 1:
DSC THERMOGRAMS OF A) SUMATRIPTAN SUCCINATE, B) EUDRAGIT E AND C)
MICROPARTICLES PREPARED BY W/O/O METHOD
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Morphological characteristics of microparticles:
Fig. 2 shows the microscopic image of the
micoparticles prepared by w/o/o method by
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magnification of 100. As see in the figure, particles
are spherical with smooth surface.

FIG. 2: MICROSCOPIC IMAGE OF MICROPARTICLES PREPARED BY W/O/O METHOD

Evaluation of tablets: The disintegration time of
formulations F1 and F2 of tablets was 360 and 240
sec, respectively which was reduced to 60 and 30
sec for formulations F3 and F4. Formulations F5
and F6 were disintegrated in 20 sec and
formulation F6 was selected for further
characterizations. The average weight of tablets of
formulation F6 was 228.98 ± 2 and the mean of
hardness of 10 tablets was 4.83± 0.19 kg, and the
friability for 20 tablets was found within the
acceptable limits (<1%). All these physical
.

characterization of tablets were
acceptable
limits
suggested
pharmacopoeia.20

within
by

the
the

In vitro dissolution studies: The microparticles
released more than 70% of the drug content in 15
min in HCl 0.1 N as shown in Fig. 3a. The release
profiles of formulation F6 in HCl 0.1 N and
phosphate buffer pH 6.8 are also presented in Fig.
3b and 3 c, which demonstrates the faster drug
release in acidic media.

FIG. 3: DRUG RELEASE PROFILES OF a) MICROPARTICLES PREPARED BY W/O/O METHOD TESTED IN
HCL 0.1 N, b) F6 IN HCL 0.1 N AND c) F6 IN BUFFER PHOSPHATE pH 6.8
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In vivo taste masking of ODTs: As presented in
Table 5, all the volunteers reported that the control
formulation which was prepared by compression of
the physical mixture of drug and polymer without
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microencapsulation was very bitter but the
optimized formulation (F6) was found pleasant to
almost all of them.

TABLE 5: RESULTS OF IN VIVO TASTE MASKING TESTED BY THE VOLUNTEERS
Taste score
Volunteers
control
1
1
2
1
3
1
4
1
5
1
6
1
7
1
8
1
9
1
10
1

DISCUSSION: Migraine is a common impairment
of the vascular network of the nervous system
which causes severe headaches. In most situations
this headache is associated with nausea, vomiting,
sensitivity to light and in some cases autonomic
dysfunction. 5 Treatment of migraine with simple
solid oral formulations needs extra time for
disintegration of the dosage form in the stomach
which may delay the onset of action. Indeed,
nausea associated with most cases of migraine may
impair the swallowing reflex in the patients.
Therefore, designing novel oral delivery systems
such as fast disintegrating tablets which are
disintegrated rapidly in the presence of little
amount of water seems necessary. 9 Sumatriptan
succinate is an anti-migraine drug which is now
available in the market as oral, injection and nasal
formulations. Development of a fast disintegrating
formulation of sumatriptan would be beneficial in
increasing the efficacy and patient compliance. 23
By these formulations disintegration time in the
stomach would be saved and the chance of mucosal
absorption in oral cavity would also be increased. 7
Sumatriptan succinate is a highly water soluble and
bitter drug.
A suitable polymer is required to coat the drug
particles in order to mask the unpleasant taste of
the drug in the oral cavity as well as controlling the
release until the drug reaches to the stomach.19
Eudragit E is a golden choice in this case as it is
dissolved at pH values less than 5 and keeps the
coated drug intact in the oral cavity. Therefore, the
contact with taste buds is prevented and the drug

F6
3
3
3
3
3
2
3
3
3
3

will be released in the stomach. By coating drug
particles
with
this
polymer
through
microencapsulation method, our main goals were
obtained. 4 Sumatriptan succinate loaded Eudragit
E microparticles were prepared using w/o/w
emulsion solvent evaporation method.16, 17 Drug:
polymer ratio, PVA% and type of the external force
(stirrer or homogenizer) were important factors to
obtain microparticles with higher drug loading
percentage.
Although by this method, microparticles of suitable
size were formed, sufficient drug loading percent
was not achieved. This is because of high water
solubility of sumatriptan which is rapidly diffused
out of the particles to the external phase (PVA).
Therefore, w/o/o emulsion solvent evaporation
method was used to prepare microparticles with
maximum drug loading percentage. 24 Water:
dichloromethane ratio, water: dichloromethane:
paraffin ratio and percentage of span 60 in paraffin
were important factors to obtain microparticles
with suitable size and loading percentage.
These observations have been confirmed in similar
situations studying water soluble drugs in lipid
soluble polymers, for example acetazolamide
loaded Eudragit E microparticles25. Higher
concentrations of span 60 resulted in aggregation of
microparticles and decreased drug loading
percentage. The encapsulation efficiency and drug
loading were very high for all microparticles
obtained in water: dichloromethane ratio of 1:3.
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DSC analysis showed that by encapsulation of drug
in polymer, endothermic peak of melting was
disappeared which may be due to the formation of
amorphous drug in the particles. The amorphous
drug would be more soluble with higher dissolution
rate in the stomach. In vitro taste masking studies
showed that in 60 sec, less than 15% of drug is
released from microparticles in average, while this
amount was about 77% for physical mixture of
drug and polymer. Evaluating the taste of
microparticles confirmed that the drug is not
release in salvia (pH 6.8). Therefore, unpleasant
taste of the drug would not be sensed when the
formulation is placed on the tongue. This effect has
also been proved previously for sumatriptan loaded
particles made by spray drying technique.19
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