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Abstract: The objective of this study was to increase the solubility and bioavailability of Naproxen (NP)
by fabricating ternary solid dispersion (tSDs) with water soluble polymer PEG 6000 and crospovidone.
tSDs were prepared and optimized by 32 full factorial design with PEG 6000 level (X1) and CP level (X2) as
independent variables and percent drug release (D80, (Y)) as dependent variable. The optimized tSDs were
evaluated for their physicochemical properties which confirmed the formation of tSDs (DSC), SEM
suggested smooth surface and compact structures. PXRD revels that drug was still present in crystalline
form and was not molecularly dispersed in the complex especially in non-homogeneous part of the tSDs.
The optimized tSDs revels that Dissolution rate (Y) was significantly affected by independent variable PEG
6000 (X1) while CP (X2) was insignificant. The transparent characteristics of tSDs was observed as a result
of lowered Tg temperature gives higher dissolution rate up to 97.70 % for optimized formulation (F9). The
pharmacokinetic study in Han Wistar rats showed that the tSDs had the greatest effect on oral
bioavailability of NP in vivo test showed that NP (tSDs) presented significantly larger AUCo.,, which was
1.09 folds more than that of marketed formulation. Cmax of NP (tSDs) also increased from 120 pg/ml to 146
pg/ml compared to that of marketed formulations and generated shortened Tmax of (1.0 £ 0.416) h,
compared to marketed dosage form (2.0 + 0.456) h.
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Introduction
Systemic availability of drug depends on the
two important steps. These two steps

determine the rate and extend of drug
absorption, so called as Rate Limiting Steps. i.
e. Drug dissolution and Drug permeation [1].
Drug dissolution is always depends on the
solubility of that particular drug which is
hydrophobic, poorly aqueous soluble drug like
NP, falls under the category of BCS class Il
drug [2]. The solid dispersion technique for
water-insoluble drugs developed by Chiou
and Reigelman provides an efficient method to
improve the dissolution rate of a drug. In solid
dispersion systems, a drug may exist as an
amorphous form in polymeric carriers, and
this may result in improved solubilities and
dissolution rates as compared with crystalline
material [3]. Methods used to obtain solid
dispersions affects the drugs crystallinity as
Mooter et al., revealed that with a 20/80 w/w
Itraconazole/Inutec SP1  extrudate (solid
solution) a dissolution of 100% could be
obtained after 30 min. The same composition
prepared by spray drying; however, gave rise
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to a dissolution of only 50% [4]. The presence
of different proportions of PEG systematically
lowers the degree of complexed drug NP with
B-CD due to competing equilibria gives rise to
ternary solid dispersions [5]. The solid
dispersions and ternary complexes formed
exhibits increased dissolution behaviour as
result of metastable amorphous material
formed which in turn cooled, it usually
crystallizes below the melting temperature,
(Tm). When cooling rate is sufficiently fast, the
liquid fails to crystallize, and a super cooled
state is attained. Further cooling to below the
glass transition temperature (Tg) causes the
system to fall out of structural equilibrium.
Since this state is not physically stable,
structural changes occur over time to achieve a
more energetically favoured state leads to less
dissolution rate [6]. Solid dispersions of
PEG6000 and Loperamide prepared by spray
drying showed deteriorated dissolution rate
on storage at high temperature (40°C and 0%
RH) and in conditions of higher relative
humidity (25°C and 52% RH) resulting in
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progressively poorer dissolution properties
[7]. This directed research scientists to look
into area of Tg inhibitors and evaluated
various polymers to establish their Tg
temperature inhibition properties, Aso et al.,
observed that the presence of 10% PVP slows
the rate of total crystallization of amorphous
NIF by a factor of 300 [8]. Low-concentration
polymer additives can strongly inhibit crystal
growth in the bulk of organic glasses, while
having weaker effect on surface crystal
growth. Ultra-thin polymer coatings can
inhibit surface crystallization. Recent work has
shown the importance of molecular weight for
crystallization inhibitors of organic glasses,
besides “direct intermolecular interactions”
such as hydrogen bonding. Relative to
polyvinylpyrrolidone, the VP dimer is far less
effective in inhibiting crystal growth in
amorphous Nifedipine [9]. Tg can be used to
modify physical properties of solids. By
altering the Tg of drug or polymer molecules
they can be maintained in amorphous solid
form at ambient or body temperatures.
Improvement in  handling  characters,
solubility and reproducibility in dissolution of
solids can be achieved by increasing the Tg of
solids [10]. Crospovidone is an insoluble form
of polyvinylpyrrolidone, and its use in the
pharmaceutical industry as a tablet excipient
(a tablet disintegrant and binder) has been
widely documented [11]. In the present
investigation effect of crosspovidone on the
NP-PEG 6000 inclusion complex was
evaluated to study anti-crystallization
property and level of it was optimized for its
drug release pattern. The optimized
formulation was further evaluated for in vivo
pharmacokinetic parameters in Han Wistor
rats. NP, a propionic acid derivative (Figure 1),
is extensively used in non-steroidal anti-
inflammatory cures. NP is poor water soluble
and may show dissolution limited absorption
[12].

Materials and Methods

NP was received as a gift sample from RPG
Life Sciences Limited Ankleshwar, Bharuch.
Crospovidone LR was purchased from Fine
Chem Industries Mumbai. Poly-Ethylene
Glycol (PEG) 6000, Dichloromethane (DCM)
and all other pharmaceutical ingredients were
purchased from Loba Chemie, Mumbai, all
were of analytical grade.
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Fig. 1 Naproxen

Phase solubility study

Solubility measurement were performed in
triplicate using the method reported by
Higuchi and Connors [13]. An excess amount
of NP was added to the aqueous solutions of
PEG in different concentrations (i.e. 5, 10, 15,
and 20 percent) and a blank. The flasks were
sealed with aluminum foil and shaken at 370 C
for 48 hr. in a thermostatically controlled water
bath. Further the samples were filtered
through a 0.45 um whattman filter paper. The
filtrate was suitably diluted and analyzed
spectrophotometrically ~ (shimadzu 1800,
Japan) at 272 nm.

Experimental Design Optimization
32 full factorial design (FFD) was used to
examine the effect of two independent
variables X; (PEG 6000) and X,
(Crosspovidone) on dependent variable %
drug release (¥) after 45 minutes of dissolution
test time. The variable X, is considered at three
levels 2, 4, and 6 (Gms) and coded as -1, 0, and
1. The variable X, is also considered at three
levels 1.25, 3.75, 6.25 (percent) coded as -1, 0, 1.
Three replications were taken at each of the
32=9 design points. The resulting data are
given in Table 1. We consider that the expected
response can be estimated by linear model
(LM) if the response is well modeled by a
linear function of the independent variables.
LM:  E(Y) =PBo+ BiXy+ B2X2 (1)
If there is curvature in the system quadratic
models (QM) must be used of the form,
QMLE(Y) = Bo + ByXy + BoXp + B12XiX; (2)
QM2E(Y) = Bo + ByXy + BoXp + BraXf + B2z X3 (3)
E(Y) =Bo + B1Xy+ BoXo +B12XyXo +
QM3: B11X{ + B2z X3 4)
Where Y is the measured response, B, is the
intercept,By, Bz, Pi1,P12, P2z are the regression
Coefficients whose values are to be
determined. X, and X, Are  variables
representing factor 1 and 2 respectively. To
visualize the response, surface response plots
and contour plots were used. The effect of the
independent variables on response parameter
was visualized from the contour plots.
Numerical optimization using desirability
approach was employed to locate the optimal
settings of the formulation variables to obtain
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the desired response. An optimized
formulation was developed by setting
constraints on the dependent and independent
variables.

Model Validity: If the model is correct and the
assumptions were satisfied, the residuals
should be structured less. For well fitted
model residuals should be unrelated to any
other variable including the predicted
response. Fitting of a model can be checked by
plotting residuals versus the fitted values of
response.

Preparation of ternary solid dispersion (tSDs)
According to FFD, nine formulations of NP-
tSDs (Table 1) were prepared by using water
soluble carrier polyethylene glycol 6000 and
cross povidone by solvent evaporation
technique [14]. PEG 6000 and NP were
separately dissolved in dichloromethane and
then mixed on magnetic stirrer at low speed
simultaneously cross povidone was added to
get concentrated mixture of all three
component. Sufficiently concentrated mixtures
were frozen at -20° C followed by freeze
drying at a pressure of 0.2 mbar and at —48°C
for 48 hours then the lyophilized powder was
stored in a desiccator at room temperature
until further use.

Table 1. Independent variables and their levels with observed values of the response used in full

factorial design.

Drug as a constant Independent Variables Dependent Variable
(1) proportion Batch Code QI:;Sﬁ(Z(})’OO Level (X1) -CPolevel (X2) 4% Drug Release (¥)
Drug (1) (Ratio 1:X1) Level Code Quantity (%) Level Code

1 F1 6 1 1.25 -1 95.86 + 0.65

1 F2 4 0 1.25 -1 88.35 £ 2.67

1 F3 4 0 3.75 0 89.26 +1.21

1 F4 6 1 6.25 1 91.86 +1.02

1 F5 4 0 6.25 1 93.13£0.88

1 F6 2 -1 3.75 0 80.91 +2.01

1 F7 2 -1 6.25 1 86.55 +1.43

1 F8 2 -1 1.25 -1 7791 £1.47

1 F9 6 1 1.25 0 97.70 £ 0.40

Table 2. Analysis of variance for dependent variables of 32 full factorial design

Rat No Tmax® Cumax AUCpnst AUCins Ti2 MRTins
o) (ug/ml)  (ugh/ml) (ugh/mL) () (h)
Rja0759 1.00 162 1760 2140 945 133
Rja0760 1.00 157 747 NR NR 845
Rja0761 0.50 119 1330 1380 4.82 713
N 3 3 3 2 2 3
Mean 1.00 146 1280 1580 714  9.64
(0.50 - 1.00) ’ ’
SD NA 235 510 NA NA 3.28
CV% NA 16 40 NA NA 34

Tmax presented as median (min-max); NA: Not applicable; NR: Not reportable due to inappropriate elimination

phase

Table 3. (a) Pharmacokinetic parameters of naproxen following oral gavage administration of

tSD dose formulation in male Wistar rats
Pharmacokinetic parameters of naproxen follo

(Dose: 100 mg/kg eq. to Naproxen) (b)
wing oral gavage administration of marketed

dose formulation in male Wistar rats (Dose: 100 mg/kg eq. to Naproxen)

Rat No Tmax® Crmax AUCast AUCin¢ Ti2 MRTin¢
© () (ug/ml) (ugh/ml) (ugh/ml) () ()
Rja0762 1.00 133 1350 1400 500 6.87
Rja0763 2.00 105 1110 1160 482 7.02
Rja0764 2.00 122 1040 1090 578 711
N 3 3 3 3 3 3
Mean 2.00 120 1170 1220 520 7.00
(1.00 - 2.00) ’ ’

SD NA 14.1 163 161 0.507 0.122
CV% NA 12 14 13 10 2

aTmax presented as median (min-max); NA: Not applicable
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Pharmaceutical Characterization of the
ternary solid dispersions

Fourier transform infrared spectroscopy (FT-
IR): FT-IR spectra were obtained using FT-IR
spectrometer (Shimadzu 4300, Japan). Pure
drug, polymer and tSDs were mixed with
potassium bromide separately. The potassium
bromide discs were prepared by compressing
the powders at pressure of 15 tons for 10 min
in hydraulic press. Scans were obtained at a
resolution of 2 cm—1, from 4000 to 400 cm—1.

Powder X-ray diffraction studies (PXRD): The
powder X-ray diffraction patterns were
determined for pure drug, polymer, and tSDs.
X-ray diffractograms were obtained using the
X-ray diffractometer (Siemens D500, Munich
Germany) and Cu-ka radiation (A = 1.5406).
Diffractograms were run at scanning speed of
2°/min and a chart speed of 0.6°/min.

Differential scanning calorimetry (DSC):
Accurately weighed samples (pure NP, PEG
6000, and ternary solid dispersions), were
placed into the sealed standard aluminum
pans with lids. Subsequently, the physical
status of the NP inside the tSDs was
established using the differential scanning
calorimetry thermogram analysis, DSC60
(Shimadzu, Japan). The heating rate was
10°C/min and the heat flow was recorded
from 25 °C to 300 °C.

SEM and morphology: The SEM photograph
of NP and tSDs prepared were obtained using
scanning electron microscope (Tescan, Brno,
Czech Republic) operating at 15 kV. The
specimens were mounted on a metal stub with
double-sided adhesive tape and coated under
vacuum with gold in an argon atmosphere
using a sputter coater (SCD 005, Bal-Tec,
Switzerland) prior to observation.

Dissolution (Drug Release) Studies: In vitro
release tests were performed for the prepared
tSDs as well as drug/polymer physical
mixtures (all containing 100 mg NP). To
analyse the dissolution samples, the
calibration curves of the drug were obtained at
pH 1.4 and 7.4. Both curves were linear in the
range of 2.5-80 pg/ml (RSQ = 0.9987). The
dissolution study was carried out by applying
USP apparatus type II (Erweka, Germany),
using 900 ml hydrochloric acid solution (pH
1.4) and phosphate buffer (pH 7.4) as
dissolution mediums. Temperature was
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maintained at 37 £ 0.5 °C and agitation rate
was 50 rpm. Samples were withdrawn at
predetermined time intervals (0, 15, 30, and 45
min.) and filtered to remove suspended and
insoluble powder particles. The sink condition
was maintained by the addition of pre
warmed fresh dissolution medium
immediately. Samples were suitably diluted
and analyzed by UV spectrophotometer at A
272 nm.

Pharmacokinetics of ternary solid
Dispersions against marketed Product

The optimized tSDs were investigated for
pharmacokinetic of NP following oral gavage
administration to male Han Wistar rats. The
study was performed using parallel design
(n=3/Group) as summarized in the Table 2. In
vivo evaluation experiments of the optimized
formulation in laboratory animals were all
approved and performed in accordance with
the guidelines of the Institutional Animal
Ethics Committee (IAEC) in accordance with
the requirement of Committee for the Purpose
of Control and Supervision of Experiments on
Animals (CPCSEA), India. The Test facility,
Eurofins Advinus Limited, is an AAALAC
approved laboratory. This protocol has been
approved by Institutional Animal Ethics
Committee (IAEC) of Eurofins Advinus
Limited (Proposal No. ATL-42_PKR_036/June
2017). Male Han Wistar rats used as the test
system for this study were procured from
Envigo RMS (Israel) Limited. The age of the
animals was 11-12 weeks on the day of dosing.
Rats were acclimatized to the study area
conditions for three days before dosing.
Animals were housed (one per cage) in
polypropylene cages and was maintained in
controlled environmental conditions with 12 h
light and 12 h dark cycles. The temperature
and humidity of the room was maintained
between 22 + 3 °C and 40-70%, respectively.
The room underwent 10-15 fresh air change
cycles per hour. The experimental animals
were provided ad libitum of standard pelletted
food (Teklad Certified (2014C) Global 14%
Protein Rodent Maintenance Diet- Rodent
pellet food, manufactured by Envigo, P.O. Box
44220, Madison, WI, USA. 53744-4220. All
animals were fasted for overnight prior to
dosing and food was be provided at 4 h post
dose. Water will be provided ad libitum. All
study animals will be observed for clinical
signs during study period.
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Sample Collection and Processing

Blood samples were collected at Pre-dose, 0.25,
05,1,2, 4,6,8, and 24 h post dose. At each
time point, approximately, 0.25 mL of blood
was withdrawn from jugular vein of the
cannulated rat and transferred to a labelled
microfuge tube containing 200 mM K,EDTA
(20 pL per mL of blood). Following sampling,
equal volume of heparinized saline was
replaced into the catheter. The blood samples
were kept on wet ice at each time immediately
after collection and the plasma was separated
by centrifugation at 5000 RPM for 5 minutes at
4 £ 2 °C. The plasma samples were separated
within 1h of scheduled time and stored below
-60 °C until bioanalysis.

Bioanalysis
Bioanalysis was performed using fit-for-
purpose LC-MS/MS  method for the

quantification of NP in rat plasma samples.
The calibration curve (CC) for the method
consisted of at least 6 non-zero calibration
standards along with a blank and blank with
internal standard samples with a lower limit of
quantification (LLOQ) of 5.15 pg/mlL. Study
samples were analyzed along with three sets
of quality control samples (9 QC samples; low,
medium and high QC samples in triplicate).

Pharmacokinetic Data Analysis

The pharmacokinetic parameters for NP were
calculated wusing the non-compartmental
analysis tool (extra vascular) of the validated
Phoenix® WinNonlin® software (version 6.3).
The area under the concentration time curve
(AUClest and AUCin) was calculated by linear
trapezoidal rule. The elimination rate constant
value (k) was calculated by linear regression of
the log-linear terminal phase of the
concentration-time profile using at least 3
declining concentrations in terminal phase
with a correlation coefficient of >0.8. The
terminal half-life value (T1/2) was calculated
using the equation 0.693/k.

Results and Discussion

Phase solubility study

Phase solubility results reveals that the
solubility of NP was 7.9 ug mL" indicating it
as insoluble in distilled water. The phase
solubility diagram of NP as a function of PEG
6000 concentration is given in Fig. 2. Solubility
of NP linearly increased (correlation
coefficient, 0.9805) as PEG 6000 concentration
increased, resulting in AL type phase
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solubility curve according to Higuchi and
Connors (1965). An apparent stability constant
(Ks) was then calculated from the initial linear
portion of phase solubility diagram as follows
assuming that a 1:1 complex was initially

formed.
Slope

- Intercept (1 — Slope)
The intercept in the equation indicates
solubility of drug without PEG 6000. The
calculated slope and stability constant (Ks)
were 0.0318 and 6.9974 respectively. It was
obvious that PEG 6000 was useful to improve
solubility of poorly water-soluble drug NP.

Effect of PRG 6000 on Nuproxcen aqueous solutions

055

0.1

Absorptian Maxima

v =00318x% - 0.0044
R* - .49505

+ Z 4 b -3 12 12
005
Percent PLG 6000

Figure 2. Phase solubility study of Naproxen in Aqueous solutions

Experimental Design Optimization

Factorial design is an effective means of
discovering the relative importance of number
of factorsand their interaction on responses or
outcome of the study. Observed values for all
nine formulations and their effect on the
percent drug release are shown in Table 1.

The MINITAB14 software is used for analysis
of the data, For model (1), (2) and (3) R-Sq is
77.2%, 79.0%, 88.1% and the p-value of lack of
fit is <0.001 indicating that some terms are
missing in the model. For model (4) R-Sq is
90.0% and the model is obtained as:

$=90.4822 + 6.675%, + 1573, —3.1583 x;x, — 17817 & — 03467 &
Analysis of variance for dependent variables
of 32 full factorial design is given in Table 2.

R-Sq =90.0% R-Sq 87.6%

The limited dissolution of NP is an effect of its
poor  wettability ~and  hydrophobicity.
Dissolution of NP in tSD was improved
because of its increased amorphous nature due
anti-crystallization effect of crospovidone and
increased surface area. The positive sign for
coefficient of X1 indicates that as the
concentration of PEG 6000 increases, the %
drug release (Y) also increases. The response
surface plot shown in fig. 3b show that the
drug release increases linearly with increasing
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PEG 6000 concentration. To check the model
validity residuals versus fitted values are
plotted given in Fig.3.

Formulation optimization by using the
desirability approach

Statistical optimization is a tool to have a
systematic =~ approach in  formulations,
evaluation of the effect of independent
variables on the selected responses to get a
robust product with desirable quality
attributes. To get an optimized formulation
based on the evaluations % drug release is the
desirability criteria was selected as % drug
release > 80% (D80). Based on this desirability
criteria the full factorial design using
MINITAB software suggested PEG 6000
concentration of (1) level and CP concentration
of (-1) level gives the optimized formulation
with 96.61 + 0.36 % drug release. Accordingly,
the selected optimized formulation was
prepared, and the observed values were (97.70
1 0.40) found to be very close to the predicted
values by the software.

a Surfae Plotof % drug release (1) vaX2, X1 Continer Piok o % drug st (V) vs 02, X1

&
X1 x
ol ) d

i O 10]
DS o 4

c Residusls Versus the Fitked Valuss
essecas '3 % s resse 1)

% dugr
Madmum
y=%EIT2
d4=05817

Pt vaue

Figure 3. (a) Response surface plot, (b) Contour
plot, (c) Exhibits no specific pattern indicating the
model validity and (d) Response optimization
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Figure 4. FTIR spectra of (A) NP and (B) PEG 6000 and (C) tSD
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FTIR Fourier transform

The FTIR spectral analysis showed that there is
no appearance or disappearance of any
characteristic peaks of pure drug NP and in
the physical mixture which confirms the
absence of chemical interaction between drug
and polymers Plain NP FTIR spectra showed
characteristics peak at 3200 cm-indicating -
OH functional group stretching, -OCH3 at
3003 cm1, 2973 cm! for -CH3 and -CO at 1727
cm’™. In case of PEG 6000, the spectrum was
characterized by the appearance of broad band
at 2889 cm?® which corresponds to the OH
group. The band at 1242-1279 cm is for C-O
stretching (fig no 4). This was in good
agreement with the previously recorded
spectrum for the polymer PEG 6000, which
reveals that there was no interaction between
the drug and the carriers. There was a peak for
drug at 3214 cm! and for PEG 6000 at 2889cm!
which was also observed in tSDs spectra
indicating the formation of inclusion complex.

X-ray powder diffraction (XRPD)

The diffraction spectrum of pure NP showed
(fig.5a), that the drug is highly crystalline
powder and possesses sharp peaks at 26 equal
to 18.7679, 22.2570. This corresponds to the Y-
crystalline form of NP. Characteristic peaks of
PEG 6000 (fig.5b) appeared at 26 equal to
13.70, 19.75, 22.15, 25.60, and 29.35. In the case
of tSDs of NP-PEG6000-crospovidone system
for optimized formula, there was a decrease in
the intensity of NP but the major peaks
remained at the same positions confirms the
para-crystalline nature of tSDs.

IS P JUJ |J\ b\/\mu‘MJ\/\/\d S - #v,ﬁr“_(j)v

Lin (Counts)

(b)

Figure 5. XRD spectra of (A) NP (B) PEG 6000 and (C) tSD

Differential scanning calorimetry DSC

The DSC curves of NP exhibits typical of a
pure crystalline anhydrous substance at 159.5,
(A sharp endothermal effect of tonset at 156.4
and tpeak at 162.7) was associated with the
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melting of crystals of pure NP. DSC profiles of
PEG 6000 exhibits sharp endothermic peaks at
63.7 °C due to fusion at its melting point (fig
no 6). The prepared optimized tSDs has
showed that the sharp endothermic peak was
equivalent to the addition curves of PEG 6000
and crystalline drug. The possibility of drug
dissolution in the melting carrier has been
previously reported Therefore, DSC results
suggested that crystalline NP in the NP-PEG
and CPs ternary solid dispersions were
dissolved in melting PEG during the DSC
scan.

(a)

~ ()

Temperature (*C)

Figure 6. PXRD pattern of spectra of (a) NP (b) PEG 6000 and (c) tSD

Scanning electron microscopy

Scanning Electron Microscopy (SEM) is a
method used for high resolution surface
imaging which offers representation of the
surface topography and distribution of
elemental composition on the surface. SEM
photographs showed the presence of highly
crystalline nature of drug NP (Fig. 7) while
tSDs SEM photograph showed it was reduced
to amorphous form with smooth surface
morphology.

Vigure /. SLM 1mages of (a) Naproxen (b) Naproxen, PG 6000 and C t5D)

Dissolution (Drug Release) Studies

Tablel illustrates the time needed to release 80
% of incorporated drug (D80) at the end of 45
minutes of dissolution test time. All
formulated batches showed 80% of drug
release except batch (F8) which exhibits 77.91 +
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1.47 % of drug, which consists the PEG-6000
(%¥y) and CP (X;) at both (-1) levels. The
maximum percent of drug release was
obtained at (1) and (-1) levels of (X;) and (X;)
respectively (97.70 + 0.40). The mathematical
projection was found to be 96.61 + 0.36 % of
drug dissolution for the same levels of
independent variables.

Dissolution profiles of physical mixture and
optimized ternary solid dispersion in gastric
fluid at pH 1.4 £ 0.1 and 7.4 £ 0.1. The physical
mixtures exhibited considerably faster initial
dissolution rates than tSDs till first interval of
dissolution test time. This may be due to
highly water-soluble polymer 6000 which
reduces the aggregation, improves wettability
and local solubilisation by the carrier in the
diffusion layer [15-17]. It was observed that
drug in solid dispersions or ternary solid
dispersions exists in amorphous form [18]. The
SD and tSDs has amorphous form which gives
high thermodynamic activity compared to its
original crystalline form hence rapid
dissolution of the drug [19]. The improved
drug release rate could be attributed to the
drug crystallinity reduction in tSDs prepared
by PEG 6000 and CP compared to physical
mixture. Fig. 8 indicated that the dissolution of
NP is considerably affected by pH of the
dissolution medium. The percentage of drug
released at pH 7.4 £ 0.1 is remarkably higher
than the amount of drug released at pH 1.4 +
0.1. It can be correlated to NPs weak acid
profile which offers grater ionization at higher
pH values.

Dissolution study in Gustric fluid (pH 1.4+ 0.1}
140.00
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Dissolution study in Gastric Muid PH (pH 7.4+ 0.1)
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Figure 8. Dissolution profile of physical mixture and ternary solid dispersions made in gastric
fluid (pH 1.4and 7.4)
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Pharmacokinetics of ternary solid
Dispersions against marketed Product
Pharmacokinetic parameters of NP following
oral gavage administration of optimized test
formulation and reference (marketed)
formulations in male Han Wistor rats are
shown in table 3. The median time to reach the
maximum plasma concentration (tmax) Wwas
found to be 1.0 h and 2.0 h, respectively. The
corresponding mean peak plasma
concentration (Cmax) of was found to be 146
and 120 pg/ml respectively. The mean plasma
exposure (AUCrs) of NP following oral
gavage  administration of  optimized
formulation and marketed formulation was
found to be 1280 £ 510 and 1170 + 163ng.h/ml
respectively (Figure 9).

Analyte=Naproxen, Route=PO

—+— RF-1
—=— TF-1

Concentration (pg/mL)
"
e
H

Time (h)

Semi-log

Analyte=Naproxen, Route=PO

Conceniration (ug/mL)
H

Above graphs presented as mean + SD; n=3

Figure 9. Plasma concentration-time data of naproxen following oral gavage administration
ofnaproxen test and reference formulation in male Wistar rats (Dose: 100 mg/kg eg. to
Naproxen)

Conclusion

In the present investigation we conclude that
quality by design approach by using full
factorial design can be used to prepare
optimized tSD which can produce the
pharmaceutical products of desired quality in
terms of its biopharmaceutical properties.
Two-way complexation by using crospovidone
as a third component can be useful to prevent
progressive  recrystallization = of  solid
dispersions. The statistical optimization of the
desirability approach function of % drug
release using full factorial design was
promising in formulation of the naproxen tSD
with desired quality.

9 http:/ / dx.doi.org/10.21746/ijbpr.2019.8.4.1

Pharmacokinetics of naproxen following oral
gavage administration to male Han Wistor rats
revealed a significant increase in the oral
absorption of naproxen in the optimized tSD
compared to marketed dosage form. The
AUCy and Ciax values of optimized tSD were
approximately 1.09 fold and 1.21 fold greater
than that of marketed dosage form,
respectively. In addition to this the Cimax
obtained by the optimized tSD was half of the
time taken by marketed dosage form. The
enhancement of oral bioavailability of
naproxen and shortened Tmax could be
explained by the improved dissolution of
naproxen in presence of crospovidone in
simulated gastric fluid which results in
enhanced oral systemic absorption of
naproxen from stomach region. Hence it can
be concluded that the effect of the progressive
recrystallization can be reduced by using
crospovidone as a third component and
preparing two-way solid dispersions for
improved bioavailability and therapeutic
effectiveness of naproxen. This investigation
also leads to the ways to find out other
possible polymeric materials which can reduce
the Tg temperature of complexation and
produce an amorphous material which will
exhibits improved dissolution and
subsequently bioavailability and efficacy
without increasing the weight of the solid
dispersions which is a possible limitation of
prepared solid dispersions.
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