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Abstract

Phase solubility behavior, physico-chemical characteris-
tics, cytotoxicity, morphology and dissolution enhancement
of Naproxen-PVP Nanoformulations have been studied.
Drug-polymer ratios of 1:1, 1:2, 1:3, 1:4 for the poorly wa-
ter-soluble drug, naproxen and the polymer PVP are pre-
pared via wet milling using a conventional Retsch Planetary
ball mill. The highest dissolution enhancement over that of
the pure drug, 310% was achieved for the formulation ratio
of 1:4. This ability of hydrophillic surfactant carriers to accel-
erate the in vitro dissolution of poorly water-soluble drugs
has been attributed to wetting, solubilization and/or defloc-
culation. The Korsmeyer-Peppas model most aptly fits the
in vitro dissolution data indicating a possible drug release
mechanism predominated by anomalous non-Fickian diffu-
sion thus helping improve the physicochemical characteris-
tics of naproxen towards its dissolution enhancement and
possibly increase the oral bioavailability of the drug without
any adverse cytotoxic consequences.
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Introduction

Naproxen is one of the most popular Non-Steroidal
Anti-inflammatory Drugs (NSAIDs), widely administered
against a wide range of inflammatory and analgesic dis-
ease conditions such as fever, inflammation, and pain
related to a variety of muscular and skeletal disorders
including osteoarthritis, bursitis, rheumatoid arthritis,
kidney stones, ankylosing spondylitis, psoriatic arthri-
tis, gout, menstrual cramps, tendinitis, and migraine. It
was first synthesized from the starting material 2-me-

thoxynaphthalene (nerolin) [1]. Currently, Naproxen is
predicted to be one of the fastest-growing APIs among
the adult systemic analgesics and is expected to reach
nearly USS1 billion in retail value sales by 2018 [2].

Chemically speaking, Naproxen is a propionic acid de-
rivative. It is a member of the profen (2-arylpropionic acid).
Chemically it is also called (+)-(S)-6-Methoxy-alpha-meth-
yl-2-naphthaleneacetic acid or S)-(+)-2-(6-Methoxy-2-naph-
thyl) propionic acid. The API is pale white in color and is an
odorless, crystalline substance and is highly lipophilic and
practically insoluble in aqueous media. The drug, when oral-
ly administered, has quite some undesirable side effects like
hemorrhage and ulceration of the stomach. As a consequence
of its scarce wettability and very poor water-solubility (0.025
mg/ml at 25 °C), it exhibits low and/or variable bioavailability
after oral administration. Several approaches were tried to
adequately improve the naproxen dissolution properties, and
bioavailability. An improved naproxen formulation with quick
drug release pattern would be highly useful in the treatment
of inflammatory and painful states of the body, like rheuma-
toid arthritis.

Solid dispersions with polyethylene glycol [3] or poly-
vinylpyrrolidone [4] or complexation with cyclodextrins
[5,6] and liquisolid technique [7] have been reported. In
fact, the first bi-component formulations of the drug in-
volved complexation with 2-hydroxylpropyl-B-cyclodex-
trin. Lee, et al. [8] have reported these complexes to have
increased dissolution characteristics as well as decreased
gastrointestinal toxicity when administered orally. Sever-
al polymers including HPMC and PVP have been used to
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dose naproxen were employed to improve the dissolution
characteristics of naproxen. Binary co-ground mixtures
with drugs like cimetidine [9] and ibuprofen [10] have also
been explored for improved solubility of naproxen.

Formulation of naproxen-PLGA nanoparticles by us-
ing the single emulsion-solvent evaporation/extraction
process have been reported by Javadzadeh, et al. [11].
They were able to improve the physicochemical char-
acteristics of the drug and an increase in the anti-in-
flammatory effects of the drug following its ocular or
intra-joint administration. Liversidge, et al. [12] by re-
ducing drug particle size to 270 nm and stabilizing the
particles in suspension with pluronic F-68 demonstrated
the reduction in gastric irritation while the rate of ab-
sorption increased. The increase in the rate of absorp-
tion was attributed to an increase in surface area for
dissolution for the Nano Crystal formulation.

Larger the surface area, higher will be the dissolution
rate. Since the surface area increases with decreasing
particle size, which can be accomplished by conventional
methods like trituration, grinding, ball milling, fluid energy
micronization, salt formation and controlled precipitation.
Although these conventional methods have been used
commonly to increase dissolution rate of drug, there are
practical limitation with these techniques as the desired
bioavailability enhancement may not always be achieved.
Therefore, formulation approaches are being explored to
enhance bioavailability of poorly soluble drugs. Some such
formulation approaches that have been shown to signifi-
cantly enhance absorption of such drugs is to formulate
nanosuspensions.

Nanosuspensions have been reported to be advan-
tageous because of easy industrial scalability, economic
viability, high drug loading efficiency, and low excipient
side effects [13,14]. A simple top down approach ex-
plored for drug-nanoformulations (NFs) is the use of a
planetary ball mill to break the drug crystals into small-
er drug particles [15-17]. The frictional forces and the
impact forces caused by the planetary rotations and
revolutions of the milling jar containing the drug sus-
pension are responsible for mechanical attrition of the
contents of the milling jars [16]. In this work, we explore
the use of this very simple and easily scalable wet ball
milling technology to design novel NFs of the poorly sol-
uble drug naproxen with the polymer PVP in terms of
phase solubility analysis to detect purity of substance,
chemical structure by FTIR analysis, structure analysis
by PXRD, DSC and morphology by FESEM, in vitro cell vi-
ability studies for cytotoxicity and dissolution measure-
ments for the best drug-polymer ratio.

PVP, also called povidone or kollidon®, is available in
variable molecular weights (determined by their k val-
ues), ranging from K-12 to K-90. PVP has been widely
explored as carrier for drug molecules [2,10-16]. One of
the earliest and easiest means of enhancing the bioavail-
ability of a drug is to improve its dissolution by dispers-
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ing them in matrices of soluble Kollidon® grades. These
polymers form water-soluble complexes with many drug
molecules, depending on the chemical structure of the
APIs. The exceptional aqueous solubility of the Kollidon®
grades along with their ability to form water-soluble com-
plexes with the APIs are often exploited for enhancement
of the dissolution characteristics of drugs as they possess
admirable hydrophilization abilities, are available in vari-
able molecular weights (determinable by their k values)
for different viscosities, form water-soluble complexes
with many APlIs, in contrast to most other carrier materi-
als, and are almost universally soluble.

Materials and Methods

Materials

Naproxen was obtained as gift sample from SKN
Organics, Chennai and Polyvinylpyrrolidone (PVP) Kol-
lidon (K 25) was obtained from BASF, Mumbai. All other
chemicals used were of analytical grade and used with-
out further purification.

Synthesis of naproxen Nanoformulations (NFs)

The NFs were prepared via wet milling using a con-
ventional Retsch Planetary ball mill in various ratios of
drug to polymer (1:1, 1:2, 1:3, 1:4) [18].

The drug and polymer (in the required ratios) were in-
troduced into an agate milling chamber containing 1 mm
agate balls. 40 mL of 0.5% aqueous solution of Tween 80
(surfactant) was added to fill the chamber. The samples
were co-milled at 500 rpm for 6 hours. Regular breaks of
5 minutes were provided after every 15 minutes of milling
to avoid overheating caused due to the high energy in-
volved in the milling process. The high shear force gener-
ated by the collision of the agate balls with the solid drug
particles fractures the drug crystals into smaller particles
and thus nanosuspensions were formed [17]. Tween 80,
also called Polysorbate 80, is a nonionic surfactant with
hydrophilic properties incorporated in the formulations
to prevent aggregation and provide stability.

The nanosuspensions thus formed by co-milling were
lyophilized for about 24 hours and gently powdered man-
ually using a mortar and pestle to obtain free flowing pow-
ders. To protect the nanoparticles from damage, due to ice
formation and to minimize the particle size growth during
lyophilization, mannitol (0.1% by weight) was added as a
cryoprotectant prior to lyophilization.

The several formulations of naproxen designed and
studied are listed in Table 1.

Table 1: Different nanoformulations of naproxen-PVP.

S. No Formulation Drug- carrier Percentage of
Label ratio carrier

1 NP 1 1:1 50%

2 NP 2 1:2 66%

3 NP 3 1:3 75%

4 NP 4 1:4 80%
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Figure 1: Calibration curve used for spectrophotometric
determination of naproxen using Beer Lambert’s Law.

Phase solubility studies

Phase solubility profiles of naproxen in various con-
centrations of the polymer were established by the
method established by Higuchi and Connors [19]. The
procedure used was as follows:

To Erlenmeyer flasks (250 mL) containing 25 mL of
the various polymer solution (0.1%, 0.25%, 0.5%, 0.75%
and 1%, w/v), an excess amount of drug (1 g) was add-
ed. The flasks were suitably sealed and shaken at 100
rom in orbital shaker-incubator for 48 hours at 37 °C.
They were left in the incubator for another 24 hours for
equilibrium to be established. 5 ml of the supernatant
solution was withdrawn and filtered. The amount of
drug in the filtrate was photometrically analyzed spec-
trophotometrically at 278 nm for determination of the
naproxen content using the calibration curve illustrated in
Figure 1. The studies were carried out 5 times.

Gibbs free energy of transfer (AG, ) values indicate
whether the particular treatment is favorable for the
solubilization of the drug in an aqueous medium [20].
The more negative the value, the more the sponta-
neity of the solubilization process. The AG{‘; values of
Naproxen were computed from the data obtained from
phase solubility studies using the following equation
[20,21]:

AG) = —2303 RT log%

where; l

S, = molar solubility of naproxen in distilled water

S, = molar solubility of naproxen in the presence of
PVP 30K

R =8.31JK'mol !
T = temperature in degree kelvin
Physico-chemical characterizations

Fourier transform infrared (IR) spectroscopy: FTIR

Patnaik et al. Int J Med Nano Res 2018, 5:023

spectra were obtained using an FTIR Spectrophotome-
ter (Spectrum FTIR (Scimadzu, IRAffinity-1)). The spec-
trum was recorded in the range of 4000-400 cm™. The
procedure consisted of dispersing a sample in KBr fol-
lowed by gentle mixing. The spectrum was scanned at
a resolution of 0.15 cm™ and scan speed was 20 scan/s.

Differential Scanning Calorimetry (DSC): Differential
Scanning Calorimeter (TGA DSC 1, Mettler Toledo) was
used to characterize the thermal behavior of the sam-
ples. The samples were heated at a rate of 10 °C min*
from ambient temperature to the melting point.

X-ray Diffraction (XRD): XRD patterns were recorded
using PANalytical X'pert Pro MPD diffractometer, with
the following settings: Cu Ka radiation with wavelength
1.54 A, voltage = 45 kV, current = 40 mA. Measurements
were made in the 26 range of 10 to 80°.

Field Emission Scanning Electron Microscopy (FE-
SEM): Double sided carbon tapes were fixed on an alu-
minum stub. The powders were sprinkled onto the tape
and gold sputtered for 10 mins. The aluminum stub was
placed in the vacuum chamber of a scanning electron
microscope (Carl Zeiss SMT- Super Ultra Model Gemini
Ultra 55) operated at 4 kV. The particles were observed
for surface characteristics.

In vitro cytotoxicity studies

Caco 2 cell culture: The cell culture experiments
were performed in a biosafety level Il cabinet hood. The
Caco-2 cells of passage number 12-25 were cultured us-
ing minimum essential medium, MEM (pH 7.4) in cul-
ture plates at 37 °C in a CO2 incubator. The other sup-
plements added to the medium were heat inactivated
fetal bovine serum, sodium bicarbonate, antimycotic
and antibacterial mixture and gentamycin. The medium
was changed every alternate day till the cells became
80% confluent. The washing of the cells were done using
phosphate buffer saline and the removal of cells were
performed by trypsinization (0.25% trypsin, 0.2% EDTA
solution) at 37 °C for 7-10 mins. The cells obtained from
trypsinization were obtained as a pellet by centrifuga-
tion for 3 minutes at 200 x g and resuspended into the
MEM and used for sub-culturing or cytotoxicity studies.

Cytotoxicity studies: The resuspended cells ob-
tained after trypsin treatment of an 80% confluent plate
were seeded at a cell density of 4 x 103 in a 96 well
plate for 48 hours and successively exposed to differ-
ent concentrations of the carriers and the NFs made by
the culture medium. Culture medium was changed af-
ter 48 hours of incubation and the test solutions were
added. The cytotoxicity was assessed from the cell via-
bility data obtained from the MTT [(3-(4, 5-dimethylth-
iazol-2-yl)-2,5-diphenyltetrazolium bromide] cell prolif-
eration assay.

After 48 hours of incubation, 20 pL of the MTT re-
agent was added to each well. The plates were then
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incubated for another 4 hours. Then the medium was
removed and the intracellular formazan was solubilized
with 100 mL of dimethyl sulfoxide (DMSO). The absor-
bance was recorded using a microplate reader (Spectra-
max M5) at 490 nm. Cell viability was assessed as the
percentage of absorbance of the analyte with respect to
the control. The statistical significance of the difference
with respect to control was investigated by the two-
tailed Student’s t-test.

In vitro dissolution testing

The in vitro dissolution analyses were performed
using a USP type Il dissolution testing paddle appara-
tus (DBK Dissolution Tester, Mumbai, India). A known
amount of sample (equivalent to 50 mg of naproxen)
was introduced into the glass jar of the USP type Il pad-
dle apparatus containing 900 mL of simulated intesti-
nal fluid (phosphate buffer, 6.8 pH). This was stirred
at 70 rpm for 2 hours. After predetermined regular in-
tervals, 3 mL aliquots of the sample were withdrawn,
filtered, suitably diluted and the concentrations of the
withdrawn solutions were determined using a UV spec-
trophotometer (Schimadzu, UV 2450). To maintain a
constant volume during dissolution, 3 mL of solution
was replaced into the glass jar after every withdraw-
al. Corrections for this dilution were made during the
calculations. The percentage of the drug dissolved was
calculated and plotted versus time. These studies were
carried out three times.

Results and Discussion

Phase solubility studies

Figure 1 shows the influence of increasing concen-
tration of the carriers on the solubility of naproxen in
simulated gastric fluid (pH 1.2) and simulated intestinal
fluid (pH 6.8). Pure Naproxen exhibited higher solubil-
ity in SIF (49.12 ug/mL) than in SGF (2.42 ug/mL). This
could be attributed to the fact that naproxen is a weak
acid with a pK_ value of 4.15. So, percentage of naprox-
en ionized would be much more in SIF than in SGF. The
drug, thus, exhibits pH dependent solubility [7]. The phase
solubility data show a linearly increasing trend in naprox-
en solubility with increasing carrier levels (Figure 1). The
high solubilizing effect of PVP could be attributed to the
multiple interaction sites in its chain and its hydrophil-
ic property [22]. The solubility of a drug in dissolution
media can be influenced by altering different physico-
chemical properties, like hydrophobicity/hydrophilicity,
viscosity, chemical structure and polarity, etc.

The incorporation of PVP in drug formulations has
been reported to increase the dissolution rate of poorly
soluble drugs such as aceclofenac [17], piroxicam [23],
and glibenclamide [24] leading to an improved drug bio-
availability. The AG,(: values obtained from the phase sol-
ubility curves with several carriers are listed in Table 2. The
most negative value of AGS is obtained for the solution
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with PVP which is indicative of fact that the process of
transfer of naproxen from the bulk medium to its aque-
ous solutions was most favorable.

Characterization

FTIR analysis: FTIR spectra of pure naproxen, all the
NFs and the carriers were recorded using an FTIR Spec-
trophotometer (Spectrum FTIR (Scimadzu, IRAffinity-1)).
in the range of 4000-400 cm™. The sample was in KBr
followed by gentle mixing. The spectrum was scanned
at a resolution of 0.15 cm™ and scan speed was 20 scans
per second.

As evident from the Figure 2, the polymer PVP
showed a vibrational band at 1658 cm™ attributable to
the C=0 stretching of its amide group. The NFs show
that with increase in polymer content there was a de-
crease in the intensity of the C=0 stretch (monomer) of
naproxen and complete disappearance of the dimeric
stretch peak. The NFs with lower PVP content an addi-
tional doublet at 1630 cm™ corresponding to the C=0
stretch of PVP hydrogen bonded to the carboxylic ac-
id-OH group of NAP. The NF with higher PVP content
showed a singlet peak at 1673 cm™. This indicates that
the drug particles are predominantly stabilized in the
PVP matrix by H-bonding.

PXRD analysis: As can be seen in Figure 3, distinct
sharp peaks of naproxen were obtained at the diffraction
angles 14.50, 17.73 and 27.45. Thus, the crystalline na-
ture of pure naproxen is evident from its PXRD spectrum.

Table 2: AG®, (joules/mol) obtained from the phase solubility
studies for the carrier PVP.

Percentage of AG’,_(joules/mol) for AG’, (joules/mol) for
Polymer (W/V) the different carriers|the different carriers
at 37 °C in SGF. at 37 °C in SIF
0.1 -2186.471 - 350.717
0.25 - 4539.736 - 640.407
0.5 - 5564.670 -1093.34
0.75 -6191.089 - 1366.64
1.0 - 6687.629 - 1624.05
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Figure 2: FTIR spectra of naproxen, PVP K 25 and the

nanoformulations.
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Figure 5: FESEM images of naproxen: PVP nanoformulations NP 1 (A and B) and NP 4 (C and D).

The spectrum of PVP shows two broadened halos at 26
values of 12 and 22. The positions of the diffraction peaks
of naproxen in all the nanosuspensions were almost
completely superimposable, indicating that there was
no formation of any other crystal morphology during the
milling process. However the lowered intensity and slight
broadening of the peaks in the various formulations sug-
gests decreasing crystallite sizes of the drug dispersed in
the polymer with increase in the polymer to drug ratio.

DSC analysis: The DSC curve of PVP K 25 (Figure 4)
shows a broad endotherm with a peak at 47.3 °C (due to
the loss of water from its hygroscopic polymeric chains)
and a glass transition peak (Tg) at 88 °C. The TA curves of
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the NFs showed lowered T, of the polymer and almost
negligible onset melting point of the drug. Though the
melting endotherm is undetectable in the TA curve, XRD
of the NFs of PVP show the prevalence of crystallinity
in the systems. This apparent incoherence could arise
from the fact that PVP has a low T, value which when
reached during the thermal program could cause the
dissolution of the drug in the molten polymer.

Morphology: Representative FESEM images of the
NFs of Naproxen and PVP K 25 obtained from wet ball
milling are shown Figure 5 corresponding to low (NP 1)
and high polymer content (NP 4) at different magnifi-
cations suggest that the amount of carrier had a great
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Figure 7: Dissolution efficiencies calculated at different time
for the various nanoformulations of naproxen-PVP.

Table 3: Percentage dissolution efficiency.

Formulation % Dissolution Efficiency

5 min 10 min 20 min 30 min 90 min 120 min
Pure Naproxen 3.051 5.556 8.871 11.607 29.542 35.740
NP 1 6.702 18.010 37.175 48.711 65.928 68.316
NP 2 7.003 19.910 42.102 51.001 67.234 70.206
NP 3 8.365 22.092 45.776 54.234 69.023 69.546
NP 4 9.097 24.350 48.419 58.852 70.515 71.808

influence on the morphology of the NFs. The particles
were of varied morphology with particle shapes ranging
from irregular, cuboidal to round. The size distribution
varied from about 50 nm to 300 nm. Since ball milling
is top down synthetic route, it offers poor control over
morphology and size distribution. All the formulations
showed similar characteristics in terms of morphology
and particle size.

Dissolution studies

As can be seen in Figure 6 and Table 3 at the end of
30 minutes, PVP based NP4 formulation could achieve
a 310% improvement in its dissolution. The dissolution
profiles of PVP based NFs show decrease in supersatu-
ration after 30 mins in SIF and SGF indicating the possi-
bility of recrystallization of the drug as can be expected
from the XRD studies. The carrier matrix of PVP could
not prevent the recrystallization of the drug in spite of
H bonding stabilization. This could be partly due to the
hygroscopic nature of PVP. However, increase in PVP
content in the formulations could help prevent the re-
crystallization.

Figure 7 and Table 3 show the %DE values of the
Nanoformulation NP 4 in comparison with that of the
pure drug at three different time scales represent-
ing early and late phase of dissolution. At t = 10 early
phase of dissolution, NP 4 shows an enhanced D.E value
of 30%. This is a 4-fold enhancement of the efficiency
compared to that of pure drug. Similarly, at t = 30 mins,
the % DE increased from 11% to 70%. An efficiency en-
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hancement of 310% was achieved by NP 4 at t =120 in
comparison with that of the pure drug.

Cytotoxicity studies on naproxen nanoformulations

Caco-2 cells were used as in vitro models to assess
the cell viability characteristics of the carrier PVP and
the nano-formulations of Naproxen. The assessment of
cell viability was done using the tetrazolium salt based
MTT assay. Duration of 12 hour exposure was selected
because scintigraphic gastric transit studies in humans
suggest they are physiologically relevant average and
maximum exposure times, respectively, in the gastro-
intestinal tract. All the NFs were observed to follow the
cytotoxicity trend of the polymers. Our results show
that no significant decrease in cell viability was seen
until 0.01% concentration of PVP for 12-h exposure.
The NFs as well as the polymer alone had no significant
effect on the viability of Caco-2 cells below 0.01% con-
centrations. Here it is important to note that intact in-
testinal membranes (in vivo) often are found to be more
resistant to the cytotoxic effects of excipients than are
cell culture models (in vitro). The intestine has a protec-
tive mucous layer, whereas the cell culture monolayers
do not. The intestinal tissues also have more capacity to
recover from trauma than the cultured cells. Hence the
present NFs can be expected to show lesser cytotoxicity
when subjected to in vivo studies.

The dissolution of naproxen from all the NFs with
PVP was significantly faster than that of the pure drug
in both the dissolution media. Also, increase in the poly-
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mer content in the formulations had an enhanced effect
on the dissolution of naproxen. The release from NFs
visually revealed the tendency of the drug to leave the
surface of the dissolution medium instantaneously and
disperse in the bulk of the medium indicating the occur-
rence of rapid wetting. There was no visible decline in
the supersaturation in case of the NFs with higher PVP
content even at the end of two hours. The high solubili-
ty enhancement from PVP could be attributed to micel-
lar solubilization and/or reduction of activity coefficient
of the drug through reduction of hydrophobic interac-
tion(s).

Dissolution efficiency

The Noyes-Whitney equation [25] is often used ex-
plain the dissolution results.

4 _pg (€2€)

dt h

where dC/dt is the dissolution rate, D is the diffusion
coefficient of the dissolved drug particles, which is a
parameter viscosity of the dissolution medium; S rep-
resents the exposed surface area to dissolution; h is the
thickness of the diffusion layer, which is a parameter
affected by agitation; Cs is the saturation solubility of
the drug in solution in the diffusion layer, the term C is
the concentration of the drug in the dissolution medi-
um. Since the dissolution tests were performed under
the same stirring conditions (70 rpm) and the dissolu-
tion media was prepared with same viscosity, the pa-
rameters in the equation h and D can be assumed to
be constant. Thus, the only terms affecting the disso-
lution rates of the Nanoformulations can be assumed
to be (C_- C). It can, therefore, be concluded that the
wettability of the drug particles were increased and the
particle size decreased. The enhancement in the disso-
lution of the Nanoformulations could thus be attributed

to a combined effect of decrease in size of the drug as
well as improved wetting characteristics of the polymer.
For a comparative analysis of the drug release from the
formulations, %DE values at several times, representing
the various phases of dissolution study, were computed
(Table 3).

Dissolution efficiency (DE) is the area under the dis-
solution curve within a given range of time. Lower %DE
values observed for NS1 could probably be attributed
to slow emulsification process leading to slower disso-
lution in the initial time periods. At the end of 120 min
NS4 achieved an improvement of 167%. Lower %DE
values observed for NS1 could probably be attributed
to slow emulsification process leading to slower dissolu-
tion in the initial time periods.

Mathematical modeling

The dissolution profiles from formulations have been
treated with several mathematical models to describe
release rates and mechanisms, their utility being depen-
dent on the nature of dosage. When drug release rate is
proportional to the drug remaining in the dosage form,
dissolution can be said to follow first order release ki-
netics. The data obtained from the dissolution analysis
were fitted into various mathematical models listed in
Table 4 to describe the drug release mechanism from
the different formulations.

The release kinetics of a drug can be influenced by
several parameters. For a poorly water-soluble drug,
like naproxen, release kinetics should be predominantly
guided by erosion of the matrix. The analysis of the data
obtained from the dissolution studies with mathemati-
cal formulae helps relating the results as a function of
the formulation characteristics. The analysis of the data
has been done on some empirical drug release equa-
tions.

Table 4: Mathematical models for studying the drug release kinetics from dissolution profiles.

S.No |Model Equation Plot
1. Zero order M Cumulative amount of drug released versus time.
Ln [—oj =Kt
Mr
2. First order — Log of percentage of drug remaining unreleased versus time.
i M, -M, =K gofp g ug ining u versus ti
3. Higuchi M, =K \/; Cumulative percent release versus square root of time.
4. Hixson-Crowell 1 1 Cube root of drug percentage remaining in the matrix versus
(My)s - (M) =K time.
3
5. Korsemeyer-Peppas M K Log of the cumulative percent drug release versus log of time.
—L =K{t"
MOC

Table 5: Slopes and R? values obtained from fitting the experimental in vitro dissolution data into the various release kinetic models.

Formulation Zero Order First order Higuchi [19] Hixson-Crowell Korsemeyer-Peppas [22]
Slope R? Slope R? Slope R? Slope R? Slope R?

NP1 -0.021  0.612 |-0.004 0.933 8.665 0.933 0.022 0.821 0.7182 0.923

NP2 -0.087 0.652 -0.019 0.921 12.123  0.811 0.032 0.621 0.722 0.966

NP4 -0.127 0.369 -0.022 0.954 17.507 0.795 0.054 0.664 0.735 0.783
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Table 5 lists the slopes and R? values obtained from
fitting the experimental in vitro dissolution data into the
various release kinetic models. The fittings were carried
out for the data obtained till 40 minutes for the quick
release formulations NP4. Considering only the data
points till super saturation was achieved, the data fit
well into the first order and the Korsmeyer-Peppas [22]
models. According to the regression values, the drug re-
lease data were observed to best fit into kinetic models
in the order: Korsmeyer-Peppas = First order > Higuchi >
Hixon-Crowel > Zero order.

This model describes the release of the drug from
polymeric matrices based on the release exponent fac-
tor ‘n’ which is calculated as the slope when log of the
percentage of the drug released is plotted versus the log
of time. This n value characterizes the nature of differ-
ent release mechanisms for Fickian diffusion (n = 0.5) or
non-Fickian/anomalous release (for 0.5 < n < 1). Since
the values of diffusional exponent ‘n’, obtained from
the fitting, ranged from 0.545 to 0.966, the release phe-
nomena may be regarded to follow a non-Fickian mod-
el.

Conclusion

A simple and easily scalable top down approach us-
ing of a planetary ball mill to break the drug crystals into
smaller drug particles has been explored for to design
novel NFs of the poorly water-soluble drug naproxen
with the polymer PVP. FESEM analysis showed particles
of varied morphology with particle shapes ranging from
irregular, cuboidal to round with size distribution vary-
ing from 50 nm to 300 nm and showing that the amount
of carrier having a great influence on the morphology
of the NFs. The phase solubility data show a linearly
increasing trend in naproxen solubility with increasing
carrier levels (Figure 1). The high solubilizing effect of
PVP could be attributed to the multiple interaction sites
in its chain and its hydrophilic property. The drug exhib-
ited pH dependent solubility.

Caco-2 cells were used as in vitro models to assess
the cell viability characteristics of the carrier PVP and
the nano-formulations of Naproxen. All the NFs were
observed to follow the cytotoxicity trend of the poly-
mers. Our results show that no significant decrease in
cell viability was seen until 0.01% concentration of PVP
for 12-h exposure. The NFs as well as the polymer alone
had no significant effect on the viability of Caco-2 cells
below 0.01% concentrations.

The dissolution profiles of PVP based NFs show de-
crease in supersaturation after 30 mins in SIF and SGF
indicating the possibility of recrystallization of the drug
as can be expected from the XRD studies. The carrier
matrix of PVP could not prevent the recrystallization of
the drug in spite of H bonding stabilization. This could
be partly due to the hygroscopic nature of PVP. How-
ever, increase in PVP content in the formulations could

Patnaik et al. Int J Med Nano Res 2018, 5:023

help prevent the recrystallization. The highest dissolu-
tion enhancement was achieved for the formulation
with PVP with ratio of 1:4. This is a 310% enhancement
when compared to that of the pure drug. The ability of
hydrophillic carriers to accelerate in vitro dissolution of
poorly water-soluble drugs has been attributed to wet-
ting and/or deflocculation. Thus, the nano-formulations
studied can help improve the physicochemical charac-
teristics of Naproxen towards its dissolution enhance-
ment and possibly will increase the oral bioavailability
of the drug without any adverse cytotoxic consequenc-
es leading to easy industrial scalability, economic viabil-
ity, high drug loading efficiency, and low excipient side
effects.
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