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Abstract

Tadalafil is a phosphodiesterase 5 inhibitor used orally as solid dosage form. The suspension
of this drug has been used for pulmonary arterial hypertension treatment in pediatrics. The
aim of this work was to investigate the influence of non-ionic surfactant (Tween 80) on the
physical characteristics, drug particle size, and stress-shear rate rheogram of tadalafil 0.1%
suspension. Several formulations prepared by xanthan gum as suspending agent. Glycerin has
been used as wetting agent. The several amounts of Tween 80 were added and the
characteristics of suspensions were evaluated during 6 months. The results showed the effect
of surfactant on sediment volume and resuspendibility. The particle size of tadalafil was
affected by surfactant amount. This result showed an optimum effect of Tween 80 on drug
particle size. The viscosity behavior evaluation of tadalafil 0.1% suspension showed Tween
80 effect. This study showed that Tween 80 can dramatically affect viscosity of suspensions.
The results of this study have demonstrated the effect of Tween 80 on physical properties of
tadalafil 0.1% oral suspension. An ideal drug particle size was observed in particular amount
of Tween 80 (0.15% wi/v).
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Introduction

Many pharmaceutical dosage forms are
suspensions of a solid drug with a poor
solubility in water in an aqueous medium
(1). Suspensions are coarse dispersions of
solid particles in a liquid medium, generally
water or any aqueous solution with particle
size between 0.1-10 um (2). They are
thermodynamically unstable systems and
preparation of these dosage forms is often
associated with problems of physical
stability (3). Sedimentation, aggregation of
the single particles leading to "cake
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formation”, difficulty of dispersibility of
sediment and crystal growth is the main
problems in  these  systems  (4).
Pharmaceutical suspensions have to be
homogenous and stable for accurate dose
administration. These formulations require
to avoid cake formation and to maintain the
sediment in a flocculate state for easy
dispersion before dispensation. Different
agents can be wused for this purpose:
surfactants as wetting agent of the solids,
thickeners for rheological adjustment or
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electrolytes to modify the conditions of the
electrolytic characteristics of medium (2).
Polymers as suspending agents can lead to
controlled flocculation of drug particles and
adjust the redispersibility of suspensions
(5). A surfactant is generally used to
disperse the hydrophobic solid particles of
drug. Surfactants may give rise either
electrostatic or steric stabilization of
dispersed systems. An excess amount of
surfactant generally use in suspensions,
which may be required to improve milling
process in industry. However, an excessive
amount of these agents may result in
micellar depletion flocculation and active
ingredient solubilization. The latter may
promote destabilization due to crystal
growth of drug particles. Hence,
quantification of surfactant adsorption is of
significant importance to adjust the physical
characteristics of formulation of
pharmaceutical suspensions (1).

Tadalafil is a poorly water soluble medicine
that recently has been taken into
consideration for the treatment of
pulmonary  arterial  hypertension in
pediatrics  (6,7). Pulmonary arterial
hypertension (PAH) is a progressive and
finally lethal disease that has no cure (8)
and presents as an increased blood pressure
and vascular resistance in the pulmonary
arteries (9).

Pulmonary arterial hypertension in children
may be related to variety of underlying
disorders and plays a significant role in the
morbidity and mortality. It has been
reported that children with PAH who do not
undergo treatment, survive less than one
year. Recent advances in basic pulmonary
vascular biology have resulted in new
therapies for this lethal disease, such as
Phosphodiesterase-5 inhibitors (PDE5-
inhibitors) like tadalafil (10).

The lack of a suitable dosage forms for
children, endangers 40% of the world's
population by the risk of preventable

adverse effects, suboptimal dose, non-
admission, and unavailability of new
medicines (11,12). Many drugs already
prescribed in pediatrics have not been
sufficiently studied in scientific trials and
have not been approved for the use in
pediatrics in particular. However because of
the lack of more effective and safer
alternatives, these medications can still be
prescribed in pediatrics as "off-label"”
(6,13).

Because of the absence of suitable pediatric
dosage form, in these cases tadalafil
prepared and administered as
extemporaneously suspensions by grinding
its tablets and mixing it with water and
other excipients (14). The general problems
of these methods are the possibility of
errors in dosing, the probability of presence
of excipients in adult pharmaceutical
dosage forms that are not suitable for
children, limitations on the manipulation of
enteric-coated tablets, multi-layer tablets
with  non-homogeneous  matrix  and
controlled-release tablets. Some excipients
may be added during the process of
manipulating that the active ingredients or
the other components are not compatible
with. For example, incompatibility of
primary amines such as amlodipine with
reducing sugars such as lactose. Also, since
the adult dosage forms probably already
contain excipients, adding excipients during
manipulation should not exceed the
limitations unnecessarily (9,15).

The aim of this work was to study the effect
of formulation ingredients, especially
Tween 80 as surfactant on stability and
physical characteristics of Tadalafil 0.1%
oral suspension.

Materials and methods

Materials

Tadalafil  was donated by Osvah
Pharmaceutical Co. (Tehran, Iran). Tween
80, sodium benzoate, and glycerin were
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purchased from Scharlau Co. (Spain);
Methyl paraben and dimethyl sulfoxide
were received from Merck Co. (Germany);
Xanthan gum was purchased from
Titrachem Co. (Ilran); and sucrose was
prepared in bulk.

Preparation of suspensions

All of suspensions contain 0.1% (w/v) of
tadalafil (Table 1). For the preparation of
suspensions, the xanthan gum, and Tween
80 were initially dispersed in water
containing sugar and the preservative
agents. After two days xanthan gum was
thoroughly hydrated. Then this blend was
stirred by a double bladed electric mixer
(IKA®-WERKE, Germany) until became
totally dispersed, then tadalafil which was
wetted by glycerin was added to the vehicle
and dispersed with the electric mixer by
stirring 300 rpm for 10 minutes. The
suspensions were transferred to the 25 mL
stoppered graduated glass cylinders and
stored at room temperature under static
conditions.

Evaluation of suspensions

Rheological assessment

For each suspension, viscosity (cP) was
determined at the angular velocity of 0, 0.5,
1, 2, 25, 4,5, 10, 20, 50, and 100 rpm,
using a Brookfield (DV-II+ viscometer,
USA) rotary viscometer with RV7 spindle.

Sedimentation volume

The sedimentation volume (F factor) was
measured in 25 mL graduated glass
cylinders. Each suspension was shaken to
ensure uniform dispersion prior to the
sedimentation test. The sedimentation
volume was recorded at 0, 30, 90, and 180
day storage period for four samples of each
formulation.

Resuspendability

The resuspendability of suspensions was
evaluated qualitatively for four samples of
each suspension. The test was performed by
shaking the cylinder manually at 180°
movements after sedimentation  was
completed. Based on the number of shaking
required to convert the sediment to
uniformly  dispersed  suspension  the
formulations were evaluated.

Particle size determination

Particle size of all formulations was
determined after 30, 90 and 180 days
guantitatively using a particle size analyzer
(Shimadzu SA-CP3 particle size analyzer,
Japan). Also, the growth of crystalline
particles in each sample was evaluated
qualitatively at the end of the period using
an optical microscope Nikon Eclipse TS
100.

Assay

Tadalafil is practically insoluble in water,
but freely soluble in dimethyl sulfoxide
(16). Several dilutions (5, 10, 15, 20, and 30
pg/ml) were prepared and the UV
absorbance was measured in Ana=284 nm
(17) by Varian Cary 50 UV-Visible
spectrophotometer (Australia). 5 mL of
each suspension was dissolved in solvent
and then filtered several times for complete
elimination of waste material. Then
remaining solution transferred to a 100 mL
volumetric flask. The absorbance of each
sample was determined by UV-Visible
spectrophotometer and the process was
repeated 3 times for each sample.
Concentrations corresponding to
absorptions were calculated using standard
curve (Abs = 0.0338 Conc - 0.0042,
r?=0.9998).

Statistical Analysis
Student t-test and ANOVA followed Tukey
test were used to determine significant
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differences beTween groups and “P < 0.05”
was considered significant.

Results

Table 1 shows the ingredients' amount of 13
formulations. F1-F9 showed no suitable
physical characteristics (data were not
shown), so 5 formulations (F9-F13) were
studied for 6 months. The assay showed that
all of the suspensions were in pharmacopeial
criteria (97.20 £ 1.08, 98.64 + 0.62, 99.14 +
0.48, 101.50 + 1.02, and 98.86 + 0.74,
respectively).

The results of F-value and resuspendibility of
selected formulations (Table 2) showed that
these factors in formulations containing
Tween 80 was better than F9 (P < 0.05). The
results proved that there is no significant
change in F-value and resuspendibility in
formulations containing several amounts of
Tween 80 ( P= 0.105). The presence of
Sodium benzoate as microbial preservative
changed the F-factor after 6 months (P =
0.004). This effect was observed in
resuspendibility too.

The results of particle size analyzing are
shown in table 2 and figure 1. The particle
size decreased in formulations containing
Tween 80 (P < 0.001). The optimum of
particle size was observed in F12 with 0.15%
Tween 80 (P<0.01). Sodium benzoate
decreased tadalafil  particle size in
formulation 13 in comparison with F12 (P =
0.0324).

Figure 2 shows the rheological characteristics
of tadalafil suspensions. The lowest viscosity
was observed in F9 with no surfactant. The
ideal viscosity was observed in F12 and F13.

Discussion

In this research the effect of several amounts
of Tween 80, as surfactant, on physical
stability of tadalafil 0.1% suspension was
evaluated. Surfactants are bipolar molecules
with hydrophilic polar head and hydrophobic
nonpolar tail which in most of cases the

hydrophobic tail made up of a hydrocarbon
section linked to the polar region (18).
Surfactants can be cationic, anionic,
amphoteric, or nonionic (19). They form
micelles in solutions, which plays a
significant role in their properties like
solubilizing ability. In polar solutions like
water, small non-polar molecules will be
solubilized in the hydrophobic core of the
micelles (20).

Surfactants are utilized as wetting agent,

foaming  agent, corrosion inhibitor,
bactericide, antistatic agent, dispersant,
enhancer for percutaneous absorption,

flocculating agent, in suppository bases,
water based or suspension aerosols, hard
gelatin capsules, in respiratory distress
therapy, in microbiology, or to make
membrane, liquid crystal, micro emulsion,
liposome, vesicle or gel, in addition to their
usual use as soap, detergent, emulsifier, and
solubilizer (21, 22).

The results of physical evaluation showed
that F-value was increased in formulations
containing Tween 80. Surfactants such as
Tween 80 improve the wettability of the solid
particles in a suspension and lower the
surface tension of the continuous phase which
inhibits the floating of the particle and
decreases aggregation, so sediment volume
increases (23-25). In contrast, cationic
surfactants lead to coagulation of finely
dispersed suspensions because of stability
loss due to neutralization of surface charge of
particles and flocculating effect of the
cationic surfactants (26).

Rudnev et al. reported that the stability of the
suspension  containing  the  Calcium
Hydroxyapatite (HAP) particles relies on the
concentration of surfactant in solution, which
enhanced considerably at Tween 80
concentrations above 3.0x 10° M (27).

The particle size of tadalafil was affected by
surfactant amount. This result showed an
optimum effect of tweeon 80 on drug particle
size. The particle sized increased by
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Table 1 Composition of Tadalafil 0.1% formulations

Formulation Composition of ingredients (g)
code Xanthan | Glycerin | Tadalafil | Methyl | Sodium | Tween | Sucrose | Water*
gum paraben | benzoate 80 (ml)

F1 1 20 0.1 0.1 - - - to 100
F2 0.5 20 0.1 0.1 - - - to 100
F3 0.25 20 0.1 0.1 - - - to 100
F4 0.15 20 0.1 0.1 - - - to 100
F5 0.25 20 0.1 0.1 - 0.25 - to 100
F6 0.25 20 0.1 0.1 - 0.5 - to 100
F7 0.25 20 0.1 0.1 - 0.15 - to 100
F8 0.25 20 0.1 - 0.1 0.15 - to 100
F9 0.25 20 0.1 0.1 - - 30 to 100
F10 0.25 20 0.1 0.1 - 0.25 30 to 100
F11 0.25 20 0.1 0.1 - 0.5 30 to 100
F12 0.25 20 0.1 0.1 - 0.15 30 to 100
F13 0.25 20 0.1 - 0.1 0.15 30 to 100

Table 2 Result of evaluation of sedimentation volume, resuspendability, and particle size of evaluated

suspension (n =4)

Characteristics of evaluated tadalafil suspensions
Formulation 1%, month 3" month 6™. month
code .
— A @ ~~ o . @ ~~ - . @ ~
g g | sZ| 8 g |52 g 2 | s
S > % I S @ t o 8 D £ o
<5} N T N (] T N
LL o o LL a'd o - LL o [a Mg
F9 0.9740.2 15#0.06 316205 0.99+0.02 1.0+0.0 39.4+0.1 0.95:0.04 175:05 40.820.1
F10 0.98+0.03 1.25+0.5 8.09+0.2 0.99+0.02 1.0+0.0 89+0.2 0.99+0.02 1.25+0.5 8.6+0.9
F11 1.0£00 1.0+0.0 8.4#02 1.0:00 1.0+0.0 6.5:04 0099:0.05 1.0t0.0 8.0:0.1
F12 0.94£0.04 25:1 1403 0.96+0.02 15:0.6 3.2+0.1 0.99+0.02 125+05 5.9%0.5
F13 0.95+0.03 2.25+0.5 4.9+0.1 0099+0.02 1.25+0.5 4.8t0.6 047015 55+13 4.9:0.2

*Resusp: Resuspendibility

Fnarm slomed Res ZUlo; 1L (£): 3Y
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Viscosity (cP)

Figure 1 Tadalafil particle
size in suspentions (F9-
F13) respectively right to
left
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Figure 2 Results of rheology study
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increasing in amount of Tween 80. In one
study, effect of concentration of Tween 80
on particle size and zeta potential of
diclofenac sodium-loaded chitosan
nanoparticles was evaluated. The results
showed that particle size increases along
with increasing concentration of Tween 80.
Inversely, zeta potential decreases in higher
concentration of Tween 80. This might be
because of amphiphilic property of Tween
80 which deposited at the particle surface
and caused increasing in particle size.
Further, it could protect surface charge of
the diclofenac-loaded nanoparticles led to
decrease in zeta potential. Sedimentation
rate of diclofenac-loaded nanoparticles,
confirmed this expectation. This study
proved that Tween 80 at the concentration
of 0.02% wi/v could be considered as a
suitable concentration for stabilization of
diclofenac nanoparticle system (28).

A study on stability of titanium dioxide
suspensions presented that the zeta potential
and aggregation stability of the suspensions
was not affected significantly by the
nonionic surfactant. The pH of dispersion
media showed considerably effect on
influence of ionic surfactants on the
aggregation stability of the suspensions. At
pH values above the isoelectric point of
titanium dioxide suspensions (pHo= 6.2),
the suspensions showed a high aggregation
stability in the presence of the sodium
dodecylbenzene sulfonate, as anionic
surfactant, (irrespective of its content),
while, at pH < pHp , the aggregation
stability of the suspensions significantly
increases with the surfactant concentration.
In the presence of the benzethonium
chloride, as cationic surfactant, the
aggregation stability of the suspensions is
independent of the surfactant concentration
at pH < pHo, whereas, at pH > pHy, it
increases with the surfactant concentration
(29).

The viscosity behavior evaluation of
tadalafil 0.1% suspension showed Tween
80 effect. A study showed that Tween 80
can dramatically affect viscosity of
suspensions and increase the yield stress as
well as the plastic viscosity. Adding
surfactant to suspensions also changed the
rheograms of them. The rheogram of
surfactant-free  suspension presented
minimum thixotropy, TI was 15.8%.
However, the addition of 0.5% w/w Tween
80 during hydration increased the TI to
30.6%. Increasing the concentration of
surfactant caused an increase in the peak
shear stress (30).

In another study, the effect of surfactants on
shear-thickening behavior of concentrated
polymer dispersions was evaluated. The
results showed that the shear-thickening
behavior was influenced by surfactants.
This occurs as a result of ability of
surfactants in changing the surfaces forces
and inter-particle forces. Various kinds of
surfactants, such as cationic, anionic,
nonionic, and amphoteric surfactants were
added to the shear-thickening fluid and their
rheological properties were measured. The
results proved that all kinds of surfactants
could enhance shear-thickening behavior by
changing their electrostatic, steric, or
lubrication interaction (31). Recently, in
one study the effect of several factors on
stability of tadalafil nanosuspension was
evaluated. Tween 80 and span 80 were used
for this formulation. The surfactant mixture
aided the production of nanosuspensions
with an average particle size of 193+ 8 nm
and with short-term stability sufficient for
further processing (32).

Conclusion

This study has demonstrated the effect of
Tween 80 on physical properties of tadalafil
0.1% oral suspension. An increase
concentration of surfactant increased
sediment volume of drug. An ideal drug
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particle sized was observed in particular
amount of Tween 80 (0.15% w/v). The
rheological behavior of suspension was
affected by surfactant amount too.
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