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Personalized medicine is a challenging research area in paediatric treatments. Elaborating new paediatric
formulations when no commercial forms are available is a common practice in pharmacy laboratories;
among these, oral liquid formulations are the most common. But due to the lack of specialized equipment,
frequently studies to assure the efficiency and safety of the final medicine cannot be carried out. Thus
the purpose of this work was the development, characterization and stability evaluation of two oral

gelﬁworgf formulati formulations of sildenafil for the treatment of neonatal persistent pulmonary hypertension.
P;eggatricora ormuiations After the establishment of a standard operating procedure (SOP) and elaboration, the physicochemical
Stability stability parameters appearance, pH, particle size, rheological behaviour and drug content of formulations

were evaluated at three different temperatures for 90 days. Equally, prediction of long term stability, as
well as, microbiological stability was performed. Formulations resulted in a suspension and a solution
slightly coloured exhibiting fruity odour. Formulation I (suspension) exhibited the best physicochemical
properties including Newtonian behaviour and uniformity of API content above 90% to assure an exact

Drug administration

dosification process.

© 2013 Published by Elsevier B.V.

1. Introduction

Sildenafil (SLD) (1-[4-ethoxy-3-(6,7-dihydro-1-methyl-7-oxo-
3-propyl-1H-pyrazolo[4,3-d] pyrimidin-5-yl) phenylsulphonyl]-4-
methyl piperazine (Fig. 1) is a selective phosphodiesterase inhibitor
type 5 (PDE5) that reduces pulmonary vascular resistance (Sola
and Baquero, 2007) producing vasodilatation by increasing cyclic
guanosine monophosphate an intracellular second messenger that
has been implicated in maintaining the low tone of the normal
pulmonary vascular bed (Gold et al., 1990).

The use of SLD as a pulmonary vasodilator in infant with con-
genital heart disease was first reported in a small case series
post-operatively in 1999 (Atz and Wessel, 1999). Currently, SLD
is used frequently for long-term treatment of children with pul-
monary arterial hypertension (Humpl et al., 2005). The incidence
of neonatal persistent pulmonary hypertension (PPHN) in term or
near-term infants is reported to vary between 0.43 and 6.8 of 1000
live births and mortality remains at 10-20% (Travadi and Patole,
2003). It is characterized by a dysbalance between vasodilatation
and vasoconstriction, in which vasoconstriction prevails resulting

* Corresponding author at: Department of Pharmacy and Pharmaceutical Tech-
nology, Faculty of Pharmacy, University of Granada, Campus of Cartuja street s/n,
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0378-5173/$ - see front matter © 2013 Published by Elsevier B.V.
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in severe pulmonary vascular resistance (Steinhorn et al., 2009).
Most prominent histological changes in PPHN include hypertrophy
of the perivascular muscular layer in small and large pulmonary
arteries (Hoehn, 2007).

SLD was first commercially available as Viagra® for the treat-
ment of male erectile dysfunction. Under the trade name of
Revatio®, it has recently been used for treatment of pulmonary
hypertension in adults (Archer and Michelakis, 2009). In this con-
text, personalized medicine is a current and challenging research
area because paediatrics are more vulnerable to drug administra-
tion errors due to a lack of appropriate drug dosages and strengths
for use in this group of patients (Bauters et al., 2012) for this, both
community and hospital pharmacists are often challenged with the
preparation of a dosage form not commercially available using tra-
ditional pharmaceutical compounding techniques as an alternative
(Glass and Haywood, 2006). On the other hand the homogeneous
distribution of the pure drug is an additional problem if it is formu-
lated in low proportion (Sundell-Bredenberg and Nystron, 2001).

Up to 37% of the drugs used in community practice settings and
up to 80% of the drugs used in neonatal intensive care, are pre-
scribed in an off-label or unlicensed manner (Wilson et al., 1998).
In addition the use of the active pharmaceutical ingredient (API) by
modifying commercially available tablets or capsules is not allowed
by legislation in some countries (Santovefia et al., 2012). For this
reason, in the design and formulation of dosage forms the physical,
chemical and biological properties of the active substance, as well
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0 Table 1
/ Formulations composition.
o0 HN N\ Ingredients Formulation 1  Formulation 2
\\ // | /N Sildenafil citrate (mg) 200 200
/S Citrate buffered solution 0.1 M (pH=4) (mL) 10 10
N
Excipient for syrup (mL) 45 -
Excipient for syrup sugar free (mL) - 45
e N\) O/\ Bidistilled water (mL) q.s.100 q.s. 100

Fig. 1. Chemical structure of sildenafil.

as, the rest of pharmaceutical ingredients used should be seriously
considered (Nahata and Allen, 2008).

Orally administered liquids are still considered the standard
forms for these patients (Bauters etal.,2012), because a single liquid
paediatric preparation may be used for infants and children of all
ages, with the dose of the drug varied by the volume administered
(Allen, 2008) reducing potential dosage mistakes, and helping the
treatment adherence. The absence of suitable medicines, critical
safety or efficacy information bears various risks as continuously
claimed by different organizations particularly with this vulnera-
ble patient population (Ernest et al., 2007; Wening and Breitkreutz,
2011).

Most common types of drug administration errors are incorrect
time of administration (28.8%), followed by incorrect drug prepa-
ration (26%), omission errors (16.3%) and incorrect dose (11.5%),
and many studies have reported the dosing errors as the most
common (Chua et al., 2010). However, a major problem remains
with many liquid preparations due to the absence of information
regarding suitability and stability (Brion et al., 2003). The variabil-
ity in the design of such preparations, sometimes with an unknown
or low stability, leads to the possibility of medication errors when
handling dosages. On the other hand, no dose or stability control is
performed in community or hospital pharmacies for every formu-
lation prepared (Santoveia et al., 2012). For this reason, there are
no studies either about the quality of the final product or about the
dose homogeneity to be administered.

Therefore, the purpose of the present work was the design of
paediatric oral formulations of SLD and the development of a simple
and feasible SOP for its use by pharmacist both in community and
hospital facilities. The physicochemical and microbiological stabil-
ity of two different formulations (2 mg/mL) of SLD (pure powder)
were evaluated to guarantee the correct dose administration, the
efficiency of the treatment and the formulation stability during its
preparation and storing.

2. Materials and methods

SLD citrate and excipients were pharmacopoeia grade and were
provided by Acofarma S.A. (Barcelona, Spain). All other chemicals
were all of analytical grade (Sigma-Aldrich, Spain). Double distilled
water was used after filtration in a Milli-Q® Gradinet A10 system
apparatus (Millipore Iberica S.A.U.; Madrid, Spain).

2.1. General SOP

Compositions of the developed formulations of SLD are reported
in Table 1 and were elaborated according to the following SOP:
SLD is accurately weighed and added to the right amount of buffer
citrate solution and water, and then the mixture is sonicated for
5 min. Subsequently, the vehicle (simple syrup for formulation I
and simple syrup glucose free for formulation II) are slowly added.
Finally, mixtures are completed with water until reaching the vol-
ume and newly sonicated until homogeneity.

As controls, the same amounts of formulations without drug
(blank samples) were similarly prepared.

2.2. Physicochemical characterization of formulations

Aliquots of 10 mL of the suspensions were stored in amber glass
containers at three different temperatures (4, 25 and 40 °C) for 90
days. Measures were performed at pre-selected times and com-
prised physicochemical testing of quantifiable parameters which
could possibly change during storage period, such as appearance,
pH, particle size, rheological behaviour, and drug concentration.
Preparations are considered stable if physical characteristics have
not changed and drug concentration has remained above 90% of the
original concentration.

2.2.1. Appearance

The physical appearance properties were studied using a visual
examination method of the samples stored at each temperature,
thus parameters as odour, colour or tendency to spontaneously
form precipitates could be appreciated.

2.2.2. pH measurements

pH values were measured in triplicate using a digital pH/mV-
meter micro-pH 200 (Crison Instruments S.A., Barcelona, Spain). A
significant variance of pH over an adequate value per each formula
could indicate a degradation of the pharmaceutical compounding
or an erroneous elaboration. Particle size

Particle size analysis of formulation 1 was carried out by laser
diffractometry (LD) using a Malvern Mastersizer 2000E (Malvern
Instruments, Malvern, UK) yielding the volume distribution of the
particles. The average particle size distribution was measured from
3 replicates of each sample. For the LD analysis the diameters 10%,
50% and 90% were used. Measurements of the samples stored 25 °C
were performed at 0 and 90 days.

2.2.3. Rheological behaviour

The rheological characterization of the formulations was per-
formed at 25°C using a rotational rheometer HAAKE Rheostress
1 (Thermo Fisher Scientific, Karlsruhe, Germany) equipped with
a parallel plate geometry set-up with a fixed lower plate and an
upper plate (Haake PP60 Ti, 6 cm diameter). Different gaps between
plates were tested and a separation of 0.5 mm was selected. The
rheometer was connected to a computer provided with the soft-
ware HAAKE RheoWin® Job Manager V. 3.3 to carry out the test
and RheoWin® Data Manager V 3.3 (Thermo Electron Corporation,
Karlsruhe, Germany) to carry out the analysis of the obtained data.
Viscosity curves and flow curves were recorded for 3 min during
the ramp-up period from 0 to 100s~1, 1min at 100s~! (constant
share rate period) and finally 3 min during the ramp-down period
from 100 to 0s~!. Viscosity values at 100 s~! were determined at g
and t =90 days for the samples stored at 4, 25 and 40 °Cin triplicate.

2.2.4. Dose content and quantification method

The API content in samples was calculated in triplicate using the
methodology described below. For this, 1 mL of sample (equivalent
to 2 mg of SLD) was added to 100 mL in glass amber volumetric flask
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obtaining a final SLD concentration of 20 wg/mL. This solution was
sonicated in an ultrasonic bath p-selecta 514 (Vidrafoc, Barcelona,
Spain) for 1 min.

Absorbance of the samples was conducted by an Amersham
Biosciences Ultrospec 1100 Pro UV/Visible spectrophotometer
(Amersham Biosciences, Piscataway, NJ, USA) at room temperature
in 1 cm quartz cells at 292.5 nm.

Working standard solutions for the calibration curves were pre-
pared daily as follows; 25 mg of SLD was accurately weighed and
transferred to a 25 mL volumetric flask. Then it was dissolved in
glacial acetic acid 0.1 M to obtain a final SLD concentration of
1000 pg/mL. From this solution, six standard stocks were prepared.

Validation of the developed methodology was carried out as per
the international conference on harmonization guidelines Q2 (R1)
(ICH, 2006) and included an evaluation of the following character-
istics: linearity, sensitivity, accuracy and precision.

The linearity of the present method was evaluated by construc-
ting the calibration curve at six concentration levels from 50 to
0.87 pg/mL. The calibration curve was validated interday (n=6)
by different analysts and developed by plotting the instrument
measurements versus the corresponding drug concentration. The
least squares fit method was employed to statistically evaluate
the results for linearity by a regression line and the correspond-
ing slope, y-intercept and coefficient of linear correlation (r2).
Furthermore, linearity was determined by one-way analysis of vari-
ance (ANOVA) test to compare the absorbances versus nominal
concentrations of each standard, and differences were considered
statistically significant when p <0.05. The least square linear regres-
sion analysis and mathematical determinations were performed by
the Prism®, V. 3.00 software (GraphPad Software Inc., San Diego, CA,
USA).

The selectivity of different assays was confirmed by the individ-
ual analysis of blank samples assuring that no interferences took
place.

Sensitivity of the method was determined with respect to limit
of detection (LOD) and limit of quantification (LOQ). LOD pro-
vides information on minimum level at which the SLD was reliably
detected by the analysis of samples with known concentrations
of SLD and LOQ, in the same way, establishes the minimum level
at which SLD was quantified with acceptable accuracy and preci-
sion. Both parameters, LOD and LOQ were determined based on the
standard deviation of the response and the slope of the calibration
curve using the formula:

SDsa
Sb

where k is the a factor related to the level of confidence, its value
is 3.3 for LOD and 10 for LOQ. SDs; is the standard deviation of the
intercept and Sb is the slope (IMcEvoy et al., 2007).

Accuracy was defined as the percentage of the systematic error,
which is determined as standardized agreement between the mea-
sured value and the true value (relative error <10%). Finally, the
precision of the assay was determined by the intraday repeatability,
for this, the relative standard deviation (RSD) of replicates ana-
lyzed during the same day (while keeping the operating conditions
identical) was calculated. Similarly, the intermediate precision
(interday) was assessed by repeated analysis of the control samples
in six different days.

LOD or LOQ=k x (1)

2.2.5. Stability studies

Homogeneity of the formulations was examined over time (0,
7, 15, 30, 60 and 90 days) at three temperatures to ensure that
every vial contained no less than 90% and no more than 110% of
the theoretically calculated and labelled amount of SLD per unit
of volume (The United States Pharmacopoeia, 2007). Six samples
were taken from each vial and SLD content was calculated using

the methodology described below. The relative standard deviation
(%RSD) was used to assess the homogeneity of the suspensions.

2.3. Optical stability study

In order to predict the long term stability of formulation 1,
Measurements of suspensions by multiple light scattering were
performed in triplicate using the Turbiscan® Lab (Formulaction
Co., L'Union, France), an optical instrument that characterizes con-
centrated dispersions. The analyzed suspension is placed on a
cylindrical glass measuring cell. The light source is a pulsed near
infrared (A =880 nm). Undiluted samples (35 mL) were placed and
kept on a cylindrical glass measuring cell which was completely
scanned by a reading head. A pattern of the light flux as a function
of the sample height was obtained, giving a macroscopic finger-
print of the sample at a given time. Measurements were performed
at room temperature.

2.4. Microbiological studies

Microbiological tests of suspensions were performed at 0 and 90
days according to the European Pharmacopoeia monograph of non-
sterile products (European Pharmacopoeia, 2013). The microbial
count was considered to be the average number of colony form-
ing units (cfu) found in agar. Liquid oral formulations would meet
microbial requirements if the total aerobic microbial count were
less than 102 cfu/mL, the total combined yeast/mould count less
than 10! cfu/mL and confirmed the absence of Escherichia coli.

2.5. Statistical analysis

Data were statistically analyzed by one-way ANOVA, followed
by t-student test and represented as the mean of n replicates + SD.
The level of significance was set at p<0.05 using Prism®, V. 3 soft-
ware (GraphPad Software, Inc., San Diego, CA).

3. Results and discussion
3.1. Physicochemical characterization and stability

The development of age appropriate paediatric formula-
tions is paramount to enable children adherence to treatment.
It encompasses multi-dimensional considerations including the
administration route, the formulation technology, the dosage
strength and other parameters as organoleptic properties, vis-
cosity and pH. For oral treatments, organoleptic characteristics
are crucial for children compliance to therapeutic regimens. EMA
paediatric investigation plan guidelines point out the particular rel-
evance of organoleptic testing in the development of oral treatment
for children (European Medicines Agency (EMA), 2006). The loss
of pharmacological and sensory attributes depends on both the
type of elaboration or storage process and the sensitivity of spe-
cific pharmaceutical components. Storage is accompanied by many
changes, including chemical reaction and physical and structural
changes which affect both pharmacological and sensory qualities.
In paediatric solutions generally involves a series of interdepen-
dent phenomena. These processes affect, to a varying degree, the
quality attributes of colour, texture and pH.

Colour is an important attribute in pharmaceutical products,
since it is perceived immediately by the consumer. It can also be
a measurement of reactions extension in medicine since formed
and/or degraded compounds may contribute to a specific coloura-
tion.

After preparation (t=0) formulation 1 resulted to be a re-
dispersible suspension, slightly pink with a characteristic fruity
odour. There were no detectable changes in colour or odour in
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any sample during the two months of storage at the three con-
trolled temperatures. On the other hand, formulation II (glucose
free) resulted in a transparent solution also exhibiting light pink
colour and fruity odour. When the vials were observed at naked
eye after 7 days, it could be seen a white sediment non resolu-
ble by shaking. This sediment was observed in samples stored at
4°C. This event was subsequently also corroborated by the SLD
dose uniformity assay, from which, a noticeable reduction of the
API in solution (formulation II) was detected at t=7 days.pH mea-
surements showed values around 4.2 at tg, these values remained
almost constant over time, and thus no statistically significant dif-
ferences were observed (p > 0.05) probably due to the presence of
the citrate buffer that ensured a constant acid pH allowing SLD
to keep solubilized in formulation II, because this pH value corre-
sponds with the maximum solubility of SLD. The different solubility
behaviour of SLD in those two simple syrups excipients utilized
could be explained by the minor content of water in the syrup
excipient with glucose compared to glucose free, what might diffi-
cult the API solubility in formulation I. Equally, the influence of the
temperature on pH was studied by one-way ANOVA and no sta-
tistically significant differences were showed for any formulation
(p=0.7163 and 0.8227, formulation I and Il respectively). However,
despite significant differences were recorded as a function of time
(p<0.05), these were not considered relevant.

Particle size of the API in suspension can affect the unifor-
mity of content since large particles will settle faster than their
smaller counterparts (FDA, 2009). Equally, particle size distri-
bution in the finished drug product dosage form is a critical
parameter that significantly impacts the bioavailability and phar-
macokinetics of the product (Kulshreshtha et al., 2010). Results
of the particle size study of formulation I showed that size dis-
tribution at ty were djgy =3.24+£0.2 pm, dsgy =10.94 £ 0.1 wum and
dgoy =31.36 £ 0.5 wm. A slight increase on day 90 compared to day
0 was observed in dsgy and dggy with values of 12.86+0.7 and
35.85+0.4 pm respectively.

Oral viscosity plays an important role in the textural apprecia-
tion of liquid or fluid pharmaceutics. Oral assessments of viscosity
correlate with both small-deformation and large-deformation

rheological but there is still much speculation as to what forces
actually operate in the mouth. Viscosity measurements have been
performed with an imposed shear rate and the resulting shear
stress was measured. With this type of test, it can be determined
if the material is characterized by linear-viscous (Newtonian)
behaviour (shear stress exponent n=1) in the investigated shear
rate range or if it shows power-law behaviour (n # 1). The poten-
tial dependence of the viscosity of the formulations on the shear
rate is shown in Fig. 2. Formulation I graph shows constant viscos-
ity values with increasing shear rate from 0 to 100 s~! with constant
slope that gives rise to a line, and thus Newtonian behaviour (Lee
et al., 2009). Formulation II curve showed a small dependence on
shear rate, showing a consistent, although relatively small, decrease
in viscosity with increasing shear rate from 0 to 100s~!. This is
the typical behaviour of pseudoplastic fluids. In this case, the hys-
teresis loop is inappreciable, indicative that this solution did not
show thyxotropy. It could be probably due to the presence of xan-
than gum in formulation II (simple syrup glucose free excipient)
the shearing action on the long chain molecule of xanthan gum. As
the shearing stress is increased, the disarranged molecules start to
align their long axes in the direction of the flow. This orientation
reduces the resistance which further allows lowering of viscosity
at increasing shearing stress (Martin, 1993). This result is in accor-
dance with previous reports where it is mentioned that xanthan
gum exhibits plastic or pseudoplastic flow (Ofner et al., 1996).

Viscosity values at 100s~! were 2.9+0.10mPas and
10.70+£0.2mPas for formulation I and II respectively after
preparation at ty. The presence of xanthan gum in formulation
I (simple syrup glucose free excipient) resulted in a substantial
increase of the viscosity value with respect to Formulation 1. No
statistically significant differences were observed at the end of the
storage period (90 days) at any temperature indicative of a desired
rheological stability. This stability is an important requirement
because the dosification process should ensure uniform distri-
bution of the API in a suspension, especially among paediatric
patients.

According to the obtained results of the method validation,
the analytic method was lineal confirmed by the ANOVA of
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Q3 Fig. 2. Formulations rheograms. It shows the shear stress (Pa) (in red) and the viscosity (Pas) (in blue). (For interpretation of the references to color in this text, the reader
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article.)
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Fig. 3. Drug content (%) in developed formulations over time at three temperatures.

the linear regression (p>0.05) with determination coefficients
(r?)>0.99 in all curves. The LOD was 0.32 +0.54 pg/mL and LOQ
0.97 +0.11 pg/mL. Accuracy (as relative error) as the percent devi-
ation from the nominal concentration did no vary more than 10%
from the expected. Precision in analysis in % RSD values were less
than 15%.

Regarding uniformity of API content, as is shown in Fig. 3 the
concentration of SLD in formulation [ was maintained above 90% at
4 and 25 °C for 90 days, however at 40 °C this content was observed
for 60 days. On the other hand, drug content in formulation Il was
maintained constant (above 90%) at 25 and 40°C for 30 days, but
at 4°C this SLD content was achieved only for 7 days, at t=15 the
drug concentration was 82.0 +£0.9%, and 83.1 £ 0.7% after 30 days.
This decrease was confirmed by the presence of a white sediment
making manifest the influence of low storage temperature in the
solubility of the API.

3.2. Optical stability assay

Turbiscan®Lab is considered as a device which predicts the sta-
bility, being able to detect the formula destabilization before than
the classical stability methods (microscopy, spectroscopy, turbid-
ity and particle size analysis) easily up to 50 times earlier that the
naked eye (Fernandez Campos et al., 2012). Moreover, it provides
real-time information on the destabilization process. When sed-
imentation process is produced, a backscattering increase versus
time at the bottom of the sample is observed. When the sample suf-
fers a creaming process, an increase of backscattering versus time
on the top of the vial is observed. If the destabilization phenomenon
occurs due to particle aggregation, a backscattering increase versus
time can be observed over the whole height of the sample (Celia
et al., 2009). If backscattering profiles have a deviation of <42%
it can be considered that there are no significant variations on
particle size. Variations up to +10% indicate instable formula-
tions.

Fig. 4 shows migration phenomena by local variations of the
backscattering of formulation I corresponding to measurements on
different hours. The left side of the curves corresponds to the bot-
tom of the vial, whereas the right side corresponds to the top. As
expected, it was an unstable system; it can be observed an increase

of backscattering in the middle of the vial possibly due to the for-
mation of aggregates by coalescence or flocculation. No flotation
phenomenon was observed. These results were in accordance with
those of particle size distribution, in which, at t =90 days an increase
was recorded. Particles in suspension possess a surface free energy
that makes the system unstable leading to particle settling. Free
energy of the system depends on the total surface area and the
interfacial tension between the liquid medium and the solid parti-
cles. Thus, in order to minimize this free energy, the system tends
to decrease the surface area, which is achieved by formation of
agglomerates (Kulshreshtha et al., 2010).

3.3. Microbiological studies
Microbial contamination in non sterile liquid formulations may
cause foul odour, turbidity, and adversely affect to the palatability

and appearance. Otherwise, high level of microorganisms may be
hazardous to health especially in inmunocompromised patients.
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Fig. 4. Transmission profiles of formulation I. The left side of the curve corresponds
to the bottom of the vial, whereas the right side corresponds to the sample behaviour
on the top of the vial.
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For both formulations no E. coli contamination was observed
and total bacteria count was less than 102 cfu/g on day 90 of the
study. Fungal contamination was also less than 10! cfu/g in both.
These results indicated that both formulations complied with the
European Pharmacopoeia specifications on microbial examination
of non-sterile product throughout 90 days.

4. Conclusions

Two new oral liquid formulations of SLD for paediatric use
have been developed from pure powder, a suspension (formula-
tionI) and a solution (formulation II), this latter suitable for diabetic
patients. From obtained results it could be concluded that formula-
tion [ was stable from a physicochemical and microbiological point
of view for 90 days at 4 and 25°C, whereas at 40°C the API con-
tent remained constant in the acceptable limits for 60 days. On the
other hand formulation Il was stable for 30 days when was stored
at 25 and 40°C, however at 4 °C API concentrations under 90% were
recorded at day 15, this reduction was accompanied by the emer-
gence of an non redispersible sediment, suggesting a decrease of
SLD solubility at low temperature.

Obtained results also suggested that pH did not show statis-
tically significant differences with the assayed conditions and the
rheological behaviour also remained constant in both formulations.
Finally formulations were microbiologically stable for at least 90
days. All these findings make possible to guarantee a correct dosifi-
cation and administration of SLD when is formulated in liquid oral
forms for the treatment of PPHN.
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