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Abstract
Pharmaceutical preparations containing erdosteine, ibuprofen, and pseudoephedrine HCl are among the most prescribed
drugs in the treatment of upper respiratory infections. Physicians are obliged to write separately or in combinations of dual
since there is no single combined dosage form containing these three active substances at the same time. In this study, for the
first time, erdosteine, ibuprofen, and pseudoephedrine HCl were combined, and a different dosage form was prepared apart
from the dosage forms available in the pharmaceutical market. First of all, an analytical method that can analyse erdosteine,
ibuprofen, and pseudoephedrine HCl at the same time was developed by high-performance liquid chromatography (HPLC)
and validation of this method was performed. Afterward, pellet formulations were developed with these three active
substances and characterized by using various techniques (encapsulation efficiency, drug loading capacity, yields, particle
size and distributions, swelling degrees, in vitro release properties, release kinetics, morphologies, DSC thermograms, FT-IR
spectra, XRD diffractograms, and stabilities). XRD study of erdosteine was performed for the first time in the literature.
Pellets have been successfully developed without any change or incompatibility in the structure of the active substances.

Rezumat
Preparatele farmaceutice care conțin erdosteină, ibuprofen și clorhidrat de pseudoefedrină sunt printre cele mai prescrise
medicamente în tratamentul infecțiilor căilor respiratorii superioare. Medicii sunt obligați să prescrie separat sau în
combinații duale, deoarece nu există un singur preparat combinat care să conțină aceste trei substanțe active. În acest studiu,
pentru prima dată, erdosteina, ibuprofenul și pseudoefedrina HCl au fost combinate și a fost preparată o formă farmaceutică
diferită de cele disponibile pe piața farmaceutică. A fost dezvoltată și validată o metodă HPLC care poate analiza erdosteina,
ibuprofenul și pseudoefedrina HCl simultan. Ulterior, au fost dezvoltate formulări de pelete cu aceste trei substanțe active și
caracterizate prin diferite tehnici: eficiența încapsulării, capacitatea de încărcare a medicamentului, dimensiunea și distribuția
particulelor, gradul de gonflare, proprietățile de cedare in vitro, cinetica de eliberare, termogramele DSC, FT-IR,
difractogramele XRD și studii de stabilitate.
Keywords: erdosteine, ibuprofen, pseudoephedrin HCl, HPLC, validation, sustained-release, release kinetics

come to the fore. Combined drugs are very important
for reducing the frequent use of medications during
the day. Simplified treatments are also recommended
by European Guidelines [4, 5].
Erdosteine, which contains a carboxyl group and
thiolactone ring, is a potent drug with mucolytic and
mucoregulator action [6, 7]. It increases the production,
viscosity, and mucociliary transport of mucus,
accelerating expectoration and thus exhibiting mucolytic
activity [8]. Orally administered erdosteine is immediately
converted into its active metabolite [9]. It exhibits free
radical scavenger and antioxidant properties due to
the containing two sulfhydryl groups [6, 7, 10].
Erdosteine has an antitussive effect besides its mucolytic

Introduction
Respiratory tract infections influence a large proportion
of the world’s population and are associated with
significant morbidity and mortality. Rhinitis, acute
rhinosinusitis, and asthma are quite common upper
respiratory tract infections and significantly impact
people's quality of life, like lost work productivity and
reduced performance [1]. Analgesic, anti-inflammatory,
antipyretic, antibiotic, expectorant, decongestant and
mucolytic drugs are used in the treatment of upper
respiratory tract infections [2, 3]. Today, most diseases
are treated with more than one drug, and the use of
double or triple drugs has also increased. Especially
in this multi-drug use, double or triple combined drugs
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properties [6, 11]. The erdosteine oral daily use dose
is 600 mg, and it is used by dividing into two doses
daily [12].
Ibuprofen, a propionic acid derivative, is an excellent
analgesic, antipyretic and NSAID (non-steroidal antiinflammatory drug) with a high therapeutic index [13].
Low-dose ibuprofen is known to be at least as effective
as aspirin and more effective than the same dose of
paracetamol [14]. Ibuprofen, a non-selective cyclooxygenase (COX1-COX2) enzyme inhibitor, acts by
stopping prostaglandin synthesis [15]. The action
time of ibuprofen is very short (1 - 2 hours) and
requires repeated treatment for 24 hours [16]. The
oral daily dose of ibuprofen ranges from 1.2 - 1.8 g
in divided doses [12]. Due to its short half-life in
plasma, the dose is repeated 3 to 6 times a day. This
situation offers an opportunity to develop controlledrelease formulations [16, 17].
Pseudoephedrine HCl shows both direct and indirectly
sympathomimetic activity. It is absorbed quickly and
completely in the gastrointestinal tract. It reaches its
maximum concentration in plasma between 1 and 4
hours after oral administration [18]. Pseudoephedrine
HCl is usually used 3 - 4 times daily orally as 60 mg
[12].
Many polymeric biomaterials such as naturally sourced
proteins and polysaccharides are used in oral drug
delivery systems. The fact is that these natural biomaterials have their advantages which are: to be safe,
stable, non-toxic, renewable, easy to process and
economically low cost [19]. Pectin, one of these natural
polysaccharides, is a water-soluble ionic polysaccharide naturally found in the cell walls of many
plants [20-22]. It is resistant to protease and amylase
enzymes in the upper parts of the gastrointestinal tract
and digested in the lower parts of the gastrointestinal
tract. Therefore, it can be used as a drug delivery
from the mouth to the column [19]. Pectin is used
as a carrier for many active substances to provide
controlled release in pharmaceutical applications. It
precipitates as spherical pellets, especially with the
ionotropic gelation technique [23, 24]. The formed
pellets are stable in low pH solutions and swell in
weak basic solutions [25]. These pellets break down
through pectinolytic enzymes in the colon and delay
drug release, as they cannot dissolve in the upper
gastrointestinal tract (cannot be broken down by gastric
or intestinal enzymes). Thus, the controlled release
is ensured for many active substances [20-22].
Pellets are multi-unit solid drug forms, mainly in a
spherical shape, with a particle size generally ranging
from 0.5 - 1.5 mm [26]. Pellets are frequently used
to prepare controlled release formulations. In recent
studies, it has been reported that it is possible to
achieve controlled release with lower doses with
pellets. It is possible for two or more incompatible
active substances to be formulated as pellets and
presented in a dosage form [27].

Several analytical methods have been reported for
determining erdosteine, ibuprofen and pseudoephedrine
HCl in dosage forms either alone or combined with
other drugs, including HPLC [28-30], spectrophotometric [31-34] and gas chromatographic [35-37]
methods. Also, simultaneous analysis methods of
ibuprofen and pseudoephedrine were previously
developed for the analysis of combined dosage forms
containing these two active ingredients [38, 39]. Until
now, no HPLC method has been developed for the
simultaneous quantification of these three drugs.
There are tablet and suspension formulations containing
ibuprofen and pseudoephedrine HCl on the pharmaceutical
market [40, 41]. This study emphises the controlledrelease pellet formulations developed for the first
time in the literature containing erdosteine, ibuprofen
and pseudoephedrine HCl.
We aimed to develop and characterize a sustainedrelease pellet formulation with combined erdosteine,
ibuprofen and pseudoephedrine HCl for usage in the
treatment of rhinitis and acute rhinosinusitis. Also,
in this study, it was developed and validated a simple
and rapid HPLC method to determine erdosteine,
ibuprofen and pseudoephedrine HCl simultaneously
in a prepared pellet formulation. Also, this new triple
combined pellet formulation will reduce the possibility
of side effects and toxic effects due to the separately
used drugs by reducing the daily dose intake. As a
result, patients’ obligation to take medicines continuously
will be reduced, drug wastage will be prevented, and
rational drug use will be encouraged.
Materials and Methods
Materials
Erdosteine, ibuprofen and pseudoephedrine HCl
were generous gifts from Sandoz Pharmaceuticals,
Novagenix Bioanalytical Drug R&D Centre and Nobel
Pharmaceuticals (Turkey), respectively. Acetonitrile
(HPLC grade) and methanol (HPLC grade) were
procured from Merck (KGaA, Darmstadt, Germany)
for working solution preparation and the mobile phase.
Reagent grade formic acid (≥ 95.0%) and sodium
formate (≥ 99.0%) were also acquired from Merck
(KGaA, Darmstadt, Germany). Pepsin (≥ 500 U/mg)
and pancreatin (≥ 3 × USP specifications) were
obtained from Sigma (China and USA, respectively)
for simulated fluids. Pectin (GENU LM 104) and
calcium chloride (CaCl2) were supplied from CPKelco
(Lille Skensved, Denmark) and J. T. Baker (Deventer,
Holland), respectively. Deionized water (HPLC grade)
was obtained from a Merck Millipore Direct-Q™ 3
water purification system.
Assay Method
Preparation of Combined Standard and Working
Solutions
To prepare the stock solution of the combined drug
mixture, erdosteine (100 mg), ibuprofen (100 mg)
817

FARMACIA, 2022, Vol. 70, 5

and pseudoephedrine HCl (100 mg) were weighed
accurately and transferred into a 100 mL volumetric
flask. Methanol (50 mL) was added, and the volumetric
flask was sonicated for 10 min, and then diluted up
to 100 mL with methanol. Standard solutions at
different concentrations were prepared by further
diluting the stock solution with the same solvent.
HPLC Instrumentation and Optimized Chromatographic
Conditions
Chromatographic analysis was carried out in an
Agilent 1200 Series HPLC system (CA, USA),
consisting of a degasser, quaternary pump, autosampler, variable wavelength UV detector and
column temperature control units. A C18 analytical
column (250 mm × 4.6 mm I.D., 5 μM) (Advanced
Chromatography Technologies Ltd, Scotland) was
used for reserved phase separation. The column
temperature was kept at 40°C through the analysis.
The injection volume was 20 μL, and the flow rate
was 1 mL/min. The total run time was 18 min. The
wavelengths at which the highest intensity is obtained
in UV measurements were 210 nm for erdosteine
and pseudoephedrine HCl and 270 nm for ibuprofen.
Therefore, UV detection was carried out with two
different wavelengths; elution was monitored at 210
nm between 0 and 8 min and 270 nm between 8 and
18 min. The mobile phase consisted of (A) 20 mM
sodium formate (pH 3.2), (B) deionized water, and
(C) methanol. The gradient elution was as follows:
0.0 - 5.5 min (A: 52%, B: 30%, C 18%), 5.5 - 9.0
min (A: 52 – 15%, B: 30 – 10%, C: 18 – 65%), 9.0 16.0 min (A: 15%, B: 10%, C: 65%), 16.0 - 18.0 min
(A: 15 – 52%, B: 10 – 30%, C: 65 – 18%).
Analytical Method Validation
Analytical method validation tests the validity and
reliability of the method to achieve the targeted
results under specified conditions. For this purpose,
the criteria such as selectivity, specificity, linearity,
accuracy, precision, and sensitivity (LOQ and LOD)
were examined to validate the analytical method.
Preparation and Characterization of Pellets
Preparation of Erdosteine, Ibuprofen and
Pseudoephedrine HCl Containing Pellets
Pellets containing erdosteine, ibuprofen and pseudoephedrine HCl were prepared separately by the
ionotropic gelation method. First of all, pectin was
provided to be homogeneously dispersed in different
concentrations (such as 1%, 2%, 4%, 5%, w/w) on a
multi-point magnetic stirrer at 750 rpm in pure water.
Then, the active substances were added to this
dispersion, which is mixed at the same speed, in the
amounts determined separately (such as 50, 100 and
200 mg), and were dissolved/dispersed completely.
The prepared active substance dispersions were
dropped into the aqueous CaCl2 solution (1%, 2%,
4%, 5%, 10%, w/w, etc.) with the help of a
peristaltic pump from a certain height and mixed
for a certain period of time (20, 30, 40 min, etc.).

The pellets were mixed until they reached the gel
structure and completed the complexation. The formed
pellets in the gel structure were filtered and separated.
The separated pellets were placed in Petri dishes
and frozen in the freezer. Then, lyophilisation was
applied and dried. After the pre-formulation studies,
optimum formulations were determined, and the
lyophilized pellets for future experiments were kept
at room temperature in the desiccator. All studies
were performed in at least three replicates, at room
temperature and in the dark conditions [19, 20, 25].
Preparation of Blank Pellets
In the preparation of blank pellets, the same process
without adding the active substance was applied.
All studies were performed in at least three replicates,
at room temperature and in dark conditions.
Encapsulation Efficacy (EE), Drug Loading Capacity
(DL) and Yield (Y)
The lyophilized pellets containing erdosteine, ibuprofen
and pseudoephedrine HCl were mixed in a mixture
of methanol: pure water (1:1) for a certain time, on a
magnetic stirrer until pellets degradation was finished.
Then, the supernatants were separated and filtered
through a 0.45 µm membrane filter. All obtained
solutions were quantified using the validated HPLC
method with the necessary dilutions (min. n = 3)
[42]. The obtained results were used for EE and DL
determination.
The yields of pellets containing erdosteine, ibuprofen
and pseudoephedrine HCl were found by dividing
the practically obtained amount of lyophilized pellet
to the total substance (active substance, pectin, CaCl2,
etc.) used at the beginning while preparing the pellet
(min. n = 3).
Particle Size and Size Distributions
Both fresh prepared and lyophilized pellets were used
for this measurement. A certain number of samples
were taken from each series and measured using a
caliper. Thus, the size differences between wet and
dry pellets were also determined [43].
Swelling Degrees
The swelling study was carried out by incubating a
certain number of pre-weighed pellets of known
weight in the simulated gastric fluid (SGF, pH 1.2,
USP 30-NF 25) and simulated intestinal fluid (SIF,
pH 6.8, USP 30-NF 25) for a certain period of time.
Samples were taken from the swelling medium at
the specified time intervals, filtered, and weighed.
Incubation was continued until swelling ended. The
swelling degrees were evaluated by calculating the
weight differences between swelling before and after
of pellets, and the changes were determined as %
[19].
In Vitro Release Study
The release of active substances from lyophilized
pellets was evaluated in SGF and SIF (900 mL). The
amounts of erdosteine, ibuprofen, pseudoephedrine
HCl in pellets were equivalent to the preparations in
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the pharmaceutical market (300 mg, 400 mg and 60
mg, respectively) and were performed as specified
in the monographs in USP 35-NF 25. Correctly
weighted pellets were run at 50 rpm in a dissolution
testing apparatus adjusted to 37 ± 0.5°C. 5 mL samples
were taken at the determined time intervals from each
beaker, and the sink conditions were maintained by
adding the same volume of fresh simulated fluids at
the same temperature. Samples were centrifuged at
12500 rpm for 10 minutes. The supernatants were
filtered through a 0.22 µm membrane filter, and the
active substances were determined by the validated
HPLC method (min. n = 6) [44].
Release Kinetics
In SGF and SIF release results of pellets containing
erdosteine, ibuprofen and pseudoephedrine HCl were
applied to the computer program to determine the
kinetic model of the release from lyophilized pellets.
Whether pellets are compatible with Zero-Order, FirstOrder, Higuchi, or Korsmeyer-Peppas kinetic models
were determined by mathematical formulas [45].
Surface Morphologies
The surface properties of all lyophilized pellets
were examined using the “Zeiss Sigma 300” brand
Scanning Electron Microscope (SEM). Since the
pellets were non-conductors, they were coated with
a gold thickness of approximately 100 Å before the
examination [43].
Differential Scanning Calorimeter (DSC) Analysis
It is a method frequently used to examine the thermal
properties of substances. “Netzsch STA 409 PC
(TG/DSC)” DSC was used in the range of 20 - 400°C
to examine the thermal behaviour of pure erdosteine,
ibuprofen, pseudoephedrine HCl, polymer, physical
mixtures, and all prepared pellets [46].
Fourier Transform-Infrared (FT-IR) Analysis
IR analysis used to illuminate the composition and
bonding arrangements of the chemical structure of
the substances. “Bruker VERTEX 70v” ATR-FT-IR
spectrophotometer was used in the range of 4000 400 cm-1 wavenumber from directly on solid samples
to determine the interactions of pure erdosteine,

ibuprofen, pseudoephedrine HCl, polymer, physical
mixtures, and all prepared pellets [44].
X-Ray Diffraction (XRD) Analysis
The XRD method was used to evaluate crystallinities
of pure erdosteine, ibuprofen, pseudoephedrine HCl
and their pellet formulations [47]. The powder
diffraction patterns of samples were analysed by
PANalytical Empyrean XRD fitted with a copper
target, a voltage of 45 kV, and a current of 40 mA.
Stability
Stability studies were carried out for 12 months at
room temperature and 60% humidity in airtight closed
amber vials. At the end of this period, the pellets
were quantified using the validated HPLC method.
The results were compared with the freshly prepared
pellets and evaluated statistically [48, 49].
Statistical Analysis
Unless otherwise stated elsewhere, all results were
given as mean value (Ⴟ) and standard deviation
(SD). Stability results were determined by one-way
analysis of variance (One way ANOVA) using the
statistical program IBM SPSS® 20. Statistical
significance level was accepted as p < 0.05.
Results and Discussion

Analytical method validation
Selectivity and specificity
Under the specified conditions, retention times for
erdosteine, pseudoephedrine HCl and ibuprofen were
3.22 min, 4.91 min and 14.41 min, respectively.
The assay condition had sufficient specificity for
analytes as no endogenous interference peaks were
observed at the retention time of erdosteine, pseudoephedrine HCl and ibuprofen.
Linearity
The calibration curves for HPLC analysis were
obtained by plotting the peak-area ratio of each drug
versus its concentration. Erdosteine, pseudoephedrine
HCl and ibuprofen were found linear in the range of
5 - 250 µg/mL. Standard working solutions at nine
different concentrations were prepared and analysed
six times within this range for each active substance.
Table I
Statistical analysis results of calibration curves for erdosteine, ibuprofen and pseudoephedrine HCl

Drug
Erdosteine
Ibuprofen
Pseudoefedrine HCl

WR (μg/mL)
5 - 250
5 - 250
5 - 250

Wavelenght
210 nm
270 nm
210 nm

Regression equations
y = 13.957x + 45.932
y = 22.880x + 80.348
y = 21.967x - 24.217

R2
0.9994
0.9990
0.9995

Sa
0.0012
0.0058
0.0006

Sb
0.0025
0.0102
0.0055

WR: working range; R2: regression coefficients; Sa and Sb: standard errors of a and b values in y = ax + b equations

Accuracy and precision
The accuracy and precision of the method were
evaluated by analysing six inter- and intra-day
replicates of three standard solutions in increasing
concentrations (10, 140 and 200 µg/mL) for all
three active substances. The precision was determined
as the relative standard deviations (RSD), and the

accuracy was determined as the relative error (RE%)
of the results. Intra- and inter-day precisions of the
method were found less than 7.35 and 7.15, respectively,
whereas intra- and inter-day accuracy of the method
were found from -3.53 to 3.86, and from -0.09 to
7.07, respectively. Table II lists the accuracy and
precision of the method. The results indicate the
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method is highly accurate for simultaneous determination

of the three drugs.

Table II
Accuracy and precision values of erdosteine, ibuprofen and pseudoephedrine HCl standard working solutions on
intra- and inter-day measurements (Ⴟ ± SD, n = 6)

Erdosteine

Ibuprofen

Pseudoephedrine HCl

Concentration
(µg/mL)
10
140
200
10
140
200
10
140
200

Intra-day
RE
Ⴟ ± SD (µg/mL)
10.10 ± 6.25
1.04
145.41 ± 3.62
3.86
194.86 ± 1.15
-2.56
10.43 ± 0.75
4.39
138.55 ± 0.88
-1.42
206.42 ± 0.12
3.21
11.65 ± 9.56
9.56
140.25 ± 0.77
0.18
192.93 ± 0.35
-3.53

Limit of detection (LOD) and limits of quantitation
(LOQ)
The LOD and LOQ were obtained at a signal-tonoise ratio of 3:1 and 10:1, respectively. The LOD
and LOQ of erdosteine, ibuprofen and pseudoephedrine
HCl were experimentally determined by injections of
a series of standard solutions at lower concentrations
below the calibration curves (4, 2, 1, 0.5, 0.2 and 0.1
µg/mL) of each drug. The LOD values of erdosteine,
ibuprofen and pseudoephedrine HCl were found to be
0.10 µg/mL, 0.25 µg/mL and 0.10 µg/mL, respectively.
The LOQ values of erdosteine, ibuprofen and pseudoephedrine HCl were found to be 0.5 µg/mL, 1.0
µg/mL and 0.5 µg/mL, respectively.
Application of the method on real samples
The analytical method developed was used for the
analysis of pellets containing active substances. The
prepared pellet formulation was analysed by the
HPLC method by dissolving in methanol/water (1:1)
mixture and diluting in certain proportions. The
results show that the method is successful in the coanalysis of active substances with a single injection.
The developed analytical method for the simultaneous
determination of erdosteine, ibuprofen and pseudoephedrine HCl has a simple, selective and rapid
analysis capability. The separation of ibuprofen and
pseudoephedrine is highly dependent on pH due to
the opposite acid-base properties of these compounds
(ibuprofen is weakly acidic while pseudoephedrine
is basic) [39]. We, therefore, tried mobile phases
containing buffer solutions with different pH ranges.
The optimum condition for these two substances was
obtained by using sodium formate (pH 3.2) in the
mobile phase. Erdosteine had a relatively more
hydrophilic character, and its` separation was achieved
with the developed gradient program. The method
provides the opportunity to analyse in a wide range
of concentrations such as 5 - 250 μg/mL. On the
other hand, it has been founded during the study
that other excipients in pellet formulations did not
cause interference that would affect the analysis.
The obtained results in the concentration range related

RSD
6.25
3.62
1.15
7.18
0.63
0.06
7.35
0.77
0.35

Inter-day
Ⴟ ± SD (µg/mL) RE
9.99 ± 0.32
-0.09
144.64 ± 0.69
3.31
207.76 ± 2.80
3.88
10.54 ± 0.63
5.47
144.10 ± 2.49
2.92
203.45 ± 0.71
1.73
10.70 ± 0.76
7.07
145.12 ± 1.71
3.65
207.76 ± 3.48
3.81

RSD
3.23
0.47
1.35
6.03
1.72
0.34
7.15
1.17
1.67

to the validation of the analytical method have been
shown that the method gives very close values in the
intra-day and inter-day analysis and is successful in
combined active substances with a single injection.
It is thought that the developed method can be used
effectively in the analysis of all mixtures with this
combination.
Preparation and characterization of pellets
Preparation of blank pellets and erdosteine, ibuprofen
and pseudoephedrine HCl containing pellets
During the formulation development studies, the
amount of polymer, CaCl2, and active substances were
determined as variable and optimum formulations
were decided after many attempts and the pellets were
prepared successfully. As a result of the experiments,
150 mg pectin and 210 mg erdosteine, 150 mg
ibuprofen and 150 mg pseudoephedrine HCl polymeric
dispersions were formed separately and cross-linked
with 10% CaCl2. Digital photographs of freshly prepared
and lyophilized blank pellets and erdosteine, ibuprofen
and pseudoephedrine HCl containing pellets were
given in Figure 1.
Pellets were prepared using the ionotropic gelation
method with low methoxylated pectin successfully
[25, 50]. When the aqueous solutions of active
substances containing low methoxylated pectin
dispersions were dropped into CaCl2 solutions, gelled
calcium pectinate pellets were obtained instantaneously.
Intermolecular cross-links take place between the
negatively charged carboxyl groups of low methoxylated
pectin and the positively charged counter-ions of
the crosslinker. An “egg-box” model occurred and
calcium-binding to pectin reduces the solubility, so
the strong structure of the pellets was formed [51].
Maestrelli et al. was reported that with the increase
of CaCl2 concentration in the medium, the increased
number of intermolecular cross-links between pectin
carboxyl groups and counterions, resulting in the
formation of less water permeable and tighter structures.
They showed that this situation also affected the
encapsulation efficiency and that more active substances
can be found in tighter structures. While 97.1%
820
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It was found that the pellets containing erdosteine and
ibuprofen were significantly different from the pellets
containing pseudoephedrine HCl due to the water-soluble
property of pseudoephedrine HCl (p < 0.05).

water loss and 46.2% encapsulation efficiency were
observed in structures containing 2.5% CaCl2, 91.6%
water loss and 48.8% encapsulation efficiency were
observed in structures containing 10% CaCl2 [52].
As a result of the preliminary formulation studies,
erdosteine, ibuprofen and pseudoephedrine HCl were
separately loaded in the prepared pellets. It has been
determined that the shapes of the freshly prepared
pellets are smooth and spherical, while the lyophilized
pellets are more porous by nature of the images of
freshly prepared and lyophilized micro drug delivery
systems were seen compatible with our study [53].
In addition, Khazaeli et al and Dupuis et al stated
that the prepared beads with the ionotropic gelation
technique and CaCl2 have shown a spherical structure
[13, 51].
Encapsulation efficacy, drug loading capacity and
yield
The results of EE%, DL% and Y% of lyophilized
pellets containing erdosteine, ibuprofen and pseudoephedrine HCl were given in Table III as Ⴟ ± SD.
The EE% and DL% results were determined that the
EE% of erdosteine pellets was 74.448% ± 2.649, the
DL% was 35.336% ± 1.499, and the EE% of ibuprofen
pellets was 93.156% ± 7.228 and DL% was 33.593% ±
2.132. Compared to a similar study prepared with pectin,
a quite high EE% was obtained in our study [19]. The
EE% of pseudoephedrine HCl containing pellets was
found to be 27.618% ± 1.955, and drug loading capacity
was 13.665% ± 1.132. Due to the high solubility of
pseudoephedrine HCl in water, a decrease in encapsulation
efficiency was observed due to diffusion from pellets back
into the aqueous medium. A similar result was seen in
sodium alginate beads that we made with ampicillin sodium,
which is soluble in water [45]. In addition, the crosslinking time has an effect on the encapsulation efficiency.
In our study, 5 minutes was found to be appropriate as
the cross-linking time. Maestrelli et al was obtained more
encapsulation efficiency in formulations with a crosslinking time of 5 minutes compared to formulations with
20 minutes. This short period of time also prevented the
active substances from diffusing into the aqueous medium
[52]. The encapsulation efficiencies and drug loading
capacities of all three substances were evaluated statistically.

Figure 1.
Images of freshly prepared (a, c, e, g) and
lyophilized (b, d, f, h) pellets (a and b blank pellets;
c and d erdosteine containing pellets; e and f
ibuprofen containing pellets; g and h
pseudoephedrine HCl containing pellets)

Table III
EE%, DL% and Y% results of lyophilized pellets containing erdosteine, ibuprofen and pseudoephedrine HCl
(Ⴟ ± SD, n = 6)
Erdosteine Pellets
Ibuprofen Pellets
Pseudoephedrine HCl Pellets

EE%
74.448 ± 2.649
93.154 ± 7.286
27.618 ± 1.955

The yields of pellets containing erdosteine, ibuprofen and
pseudoephedrine HCl were founded as 46.076% ± 1.364,
46.2525% ± 2.833 and 33.720% ± 0.896 respectively. As a
reason for this low efficiency, it was thought that working
with viscous polymer dispersions and losing active substances
in the process steps caused. Due to many process steps,
active substances and excipients had incurred losses at
every stage [54, 55]. The yields of all three substances
were evaluated statistically. It was found that the pellets

DL%
35.366 ± 1.499
33.593 ± 2.132
13.665 ± 1.132

Y%
46.076 ± 1.364
46.254 ± 2.833
33.720 ± 0.896

containing erdosteine and ibuprofen were significantly
different from the pellets containing pseudoephedrine HCl
due to the water-soluble property of pseudoephedrine
HCl (p < 0.05).
Particle size and size distributions
10 pellets were used for each measurement, and the
experiment was carried out as n = 3 replicates. The results
were given in Table IV.
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Table IV
Particle size results of lyophilized blank pellets and lyophilized pellets containing erdosteine, ibuprofen and
pseudoephedrine HCl (cm, Ⴟ ± SD, n = 30)
Pellets
Blank Pellets
Erdosteine Pellets
Ibuprofen Pellets
Pseudoephedrine HCl Pellets

Lyophilized (Dry)
0.19 ± 0.020
0.25 ± 0.014
0.23 ± 0.021
0.22 ± 0.020

The sizes of prepared freshly and lyophilized pellets
were ideally suited to pellet standards. Mannina et
al. reported to obtained similar sizes of wet and dry
state pellet images with our study [56]. The effect of
using the peristaltic pump is excellent in obtaining
almost the same particle sizes each time. Wong et al.
emphasized that the standard deviations of chitosanpectinate beads made with a peristaltic pump were
very low, and perfect sphericity was obtained, similar
to our results [46]. Also, the mixing speed affects
the size during dropping. While larger particles are
obtained at lower speeds, smaller particles are obtained

Fresh (Wet)
0.28 ± 0.020
0.30 ± 0.012
0.29 ± 0.015
0.28 ± 0.016

at higher speeds. The fact that the size of the empty
pellets is smaller than the pellets containing active
substances indicates that the active substances are
successfully loaded into the pellets. The sizes of
both wet and dry pellets were evaluated and determined
that no significant difference between the three pellet
formulations (p > 0.05).
Swelling degrees
Information about the swelling degrees of pellets
containing erdosteine, ibuprofen and pseudoephedrine
HCl in pH 1.2 SGF and pH 6.8 SIF were given
graphically in Figure 2 and Figure 3, respectively.

Figure 2.
Swelling degrees of lyophilized pellets containing erdosteine, ibuprofen and pseudoephedrine HCl in pH 1.2 SGF

Figure 3.
Swelling degrees of lyophilized pellets containing erdosteine, ibuprofen and pseudoephedrine HCl in pH 6.8 SIF
The swelling study was examined and it was observed
that while the swelling continued for 3 hours at pH
1.2 SGF, the swelling continued for a while at the
pH 6.8 SIF, and then the pellets started to break down,
and the degree of swelling decreased. The most
important factor here is the breakdown of pH-induced

polymer chains. Therefore, swelling at pH 1.2 SGF
appears to be lower due to the absence of fragmentation,
which helps to prolong the release. Also, the active
substances started to be released from pellets in
time, the weight remained steady for a while and
then decreased. Similar studies prepared with pectin
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were examined for swelling degrees, and the results
were found to be comparable in SGF [19].
In vitro release study
Profiles of release study in lyophilized pellets
containing erdosteine, ibuprofen and pseudoephedrine

HCl in pH 1.2 SGF and pH 6.8 SIF were given in
Figure 4 and Figure 5. 300 mg erdosteine, 400 mg
ibuprofen and 60 mg pseudoephedrine HCl doses
were selected for the in vitro release study.

Figure 4.
Profiles of in vitro release study of lyophilized pellets containing erdosteine, ibuprofen and pseudoephedrine HCl
in pH 1.2 SGF

Figure 5.
Profiles of in vitro release study of lyophilized pellets containing erdosteine, ibuprofen and pseudoephedrine HCl
in pH 6.8 SIF
In vitro release study has determined that pellets
containing erdosteine give all active substances to
the release medium in about 8 hours in the pH 1.2
SGF and about 4 hours in the pH 6.8 SIF. In vitro
release study has determined that pellets containing
ibuprofen give less than 10% active substance to the
release medium in the SGF for 24 hours and give all
active substances to the release medium in about 8
hours in SIF. Due to the high solubility of pseudo-

ephedrine HCl in water, in vitro release has been
determined that pseudoephedrine HCl is given to the
release medium for about 1 hour from these pellets
in the SGF and about 4 hours in the SIF.
Release Kinetics
The release kinetics results in pH 1.2 SGF and pH
6.8 SIF were given in Table V and Table VI. R2 was
taken into account in model selection, and results
were evaluated approaching one [57].
Table V
Release kinetics of pellets in pH 1.2 SGF

Pellets
Erdosteine Pellets
Ibuprofen Pellets
Pseudoephedrine HCl Pellets

Zero-Order
R2
0.645
0.880
0.118

First-Order
R2
0.442
0.677
0.134
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Higuchi
R2
0.766
0.937
0.220

Korsmeyer-Peppas
R2
n
0.856
0.562
0.904
0.462
0.384
0.080

Release Mechanism
Non-Fickian diffusion
Non-Fickian diffusion
Fickian diffusion
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Table VI
Release kinetics of pellets in pH 6.8 SIF
Pellets
Erdosteine Pellets
Ibuprofen Pellets
Pseudoephedrine HCl Pellets

Zero-Order
R2
0.724
0.748
0.385

First-Order
R2
0.511
0.572
0.302

Higuchi
R2
0.799
0.848
0.501

The formulations exhibited a controlled release
over time. Based on the R2 value, pellets containing
ibuprofen exhibited Higuchi release kinetics at pH
1.2 SGF. In contrast, all other formulations showed
release kinetics conforming to the Korsmeyer-Peppas
model at both pH 1.2 SGF and pH 6.8 SIF.
Based on the boundaries of the Korsmeyer-Peppas
model describing drug release mechanisms for various
dosage forms, n values < 0.45 indicate Fickian diffusion
release. If “n” value is 0.45 - 0.89, it indicates nonFickian (abnormal) diffusion. If “n” value is 0.89, it
means “Case-II Transport”, if “n” value is greater
than 0.89, “Super Case-II Transport” mechanism is
valid [58]. When evaluated in terms of release
mechanisms, the fact that the “n” value of the
formulations is less than 0.45 indicates that the
“Fick” conforms to the drug release mechanism by
diffusion at pH 1.2 SGF of the pellets containing
pseudoephedrine HCl [59]. As can be seen from the
fact that the “n” value of the pellets containing
erdosteine and ibuprofen at pH 1.2 SGF is greater
than 0.45, the release mechanisms indicate that

Korsmeyer-Peppas
R2
n
0.890
0.238
0.943
1.017
0.695
0.123

Release Mechanism
Fickian diffusion
Super Case-II Transport
Fickian diffusion

these two pellets comply with the non-Fick release
mechanism.
The fact that the “n” value is less than 0.45 at pH
6.8 SIF indicates that the pellets containing pseudoephedrine HCl comply with the “Fick” drug release
mechanism by diffusion. The "n" value of the pellets
containing erdosteine at pH 6.8 SIF is greater than
0.45, which indicates that the release mechanism
complies with the non-Fick release mechanism. It is
seen that the pellets containing ibuprofen comply
with the Super Case-II Transport release mechanism,
since the “n” value is greater than 0.89 at pH 6.8 SIF.
This means that drug molecules diffuse throughout
the highly hydrated polysaccharide matrix, which is
involved in the dissolution or relaxation of polymer
chains [45].
Surface Morphologies
The surface properties of lyophilized blank pellets
and lyophilized pellets containing erdosteine, ibuprofen
and pseudoephedrine HCl were examined with SEM.
The obtained images were given in Figure 6.

Figure 6.
SEM images of pellets (a, blank pellet; b, erdosteine containing pellet; c, ibuprofen containing pellet and
d, pseudoephedrine HCl containing pellet)
The SEM images of pellets containing an active
substance were examined, the porous structure was
seen clearly, and the sizes of pellets increased compared
to the blank pellet. These differences indicate that
the molecules of the active substances are adsorbed
and/or encapsulated both in and on the surface of the

polymeric structure. This situation has been observed
in similar studies prepared with pectin [60].
DSC Analysis
The obtained DSC thermograms of pure erdosteine,
ibuprofen, pseudoephedrine HCl, pectin, CaCl2, physical
mixtures, and all pellets were given in Figure 7.
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The DSC thermograms of pellets were examined and
determined that the melting degrees of pure active
substances, pectin, and CaCl2 were compatible with
the literature [61, 62]. At the thermograms of erdosteine,
ibuprofen, pseudoephedrine HCl, polymer, and physical
mixtures, there was observed no interaction between
the substances. It has been observed that the melting

points of the pellets containing the active substances
were suppressed by the pectin polymer and these
peaks slip. This shows that our active substances
were mostly encapsulated inside the pellets. The
studies in the literature were examined and seen
that DSC peaks of drugs encapsulated in pellets are
suppressed just like in our study [56].

Figure 7.
DSC thermograms of erdosteine (a), ibuprofen (b), pseudoephedrine HCl (c), pectin (d), CaCl 2 (e), physical
mixtures (f), blank pellets (g), erdosteine containing pellets (h), ibuprofen containing pellets (i) and
pseudoephedrine HCl containing pellets (j)
FT-IR Analysis
The IR spectrums resulting from the analysis of pure
erdosteine, ibuprofen, pseudoephedrine HCl, polymer,
crosslinker, physical mixtures, and all pellets were
given in Figure 8.
The FT-IR spectra of the pellets were examined and
found that the active substances' fingerprints and

functional region peaks were suppressed or not clearly
visible when active substances entered the pellet
structure. It was no seen different peaks due to a
structural interaction between active substances and
pectin. The disappearing peaks were due to the
suppression of vibration frequencies as a result of
loading active substances into the pellet. Similarly,
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in the literature, it was seen that the peaks of pure
drugs were suppressed when they enter into the drug
carrier system [54, 63]. Considering the results, this
suppression was observed at the spectrums of all

three pellets loaded with the active substance. This
showed that there was no chemical interaction, the
structure of the active substances did not change, and
a large part of them was trapped inside the pellets.

Figure 8.
FT-IR spectra of erdosteine (a), ibuprofen (b), pseudoephedrine HCl (c), pectin (d), CaCl 2 (e), physical mixtures
(f), blank pellets (g), erdosteine containing pellets (h), ibuprofen containing pellets (i) and pseudoephedrine HCl
containing pellets (j)
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Figure 9.
X-Ray diffractograms of pure erdosteine, ibuprofen, pseudoephedrine HCl, and all prepared pellets
XRD Analysis
The obtained X-Ray diffractograms of pure erdosteine,
ibuprofen, pseudoephedrine HCl, and all prepared
pellets were given in Figure 9.
Powder X-Ray diffractograms were examined and it
was seen that pure active substances had characteristic
peaks, and these peaks were not found in pellet
diffractograms. This situation showed that the pure
active substances were in amorf form in the polymeric
matrix in pellets. Similar results are frequently found
in the literature [52, 64, 65]. The characteristic
crystalline peaks of pseudoephedrine HCl and ibuprofen
are concentrated between 5-65 2θ and 10-80 2θ,
respectively. There was no X-Ray diffractogram of
erdosteine in the literature, and this study presented
the X-Ray diffractogram of erdosteine for the first
time. The characteristic sharp crystalline peaks of
erdosteine were concentrated between 5-55 2θ.
However, suppression of these peaks in the pellets
showed that it was both trapped in the polymer
matrix and turned into an amorphous state.
Stability
At the end of 12 months, the pellets containing
ibuprofen, erdosteine and pseudoephedrine HCl were
quantitated by HPLC method (n = 3). The obtained
results were compared with pellets that the freshly
prepared and were found to be more than 90%
consistent for all three active substances.
The stability studies of all pellets at the room
temperature conditions and 60% humidity for 12
months showed maximum durability and recoveries
over 90% were obtained in the quantification assay.

determined that there is no dosage form containing
erdosteine, ibuprofen and pseudoephedrine HCL
together in the literature and there is no scientific
study. In this respect, our study was a first for both
the literature and the pharmaceutical market. In this
study, in order to develop pellet formulations, an
appropriate analytical method was developed and
validated by using HPLC for simultaneous quantitative
analysis of erdosteine, ibuprofen and pseudoephedrine
HCl. Combined pellet formulations containing erdosteine,
ibuprofen and pseudoephedrine HCl have been developed
and characterized using various techniques (SEM,
DSC, FT-IR, XRD, particle size and distribution,
drug loading capacity, encapsulation efficacy, yield,
swelling degrees, in vitro release properties, release
kinetics and stability). In this study, pellets were
successfully developed without any change or
incompatibility in the structure of the active substances.
In the treatment of upper respiratory diseases in the
future, giving this triple combination in a single dosage
form is promising both in terms of patient compliance
and economically.
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