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Abstract In view of the poor aqueous solubility of nif-
luminic acid (NIF), the aim of this article was to improve
its solubility and dissolution rate through the preparation of
formulations based on hydroxypropyl [-cyclodextrin
(HPSCD) and polyvinylpyrrolidone K25 (PVP K25), a
combination of carriers which has been advantageously
used for a similar purpose with various hydrophobic drugs.
Ternary systems of NIF, HPSCD, and PVP K25 were
prepared in different drug to CD to PVP ratios by physical
mixing, kneading, microwave irradiation, and co-evapora-
tion. Differential scanning calorimetry, thermogravimetric
analysis, hot stage microscopy, Fourier transform infrared
spectroscopy, and X-ray powder diffractometry were used
to investigate the resulting solid-state interactions. The
results showed that the solid state of the drug in the
amorphous or crystalline ternary combinations influenced
both the solubility and the dissolution rate of NIF.

Keywords Dissolution - FT-IR - Nifluminic acid -
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Introduction

The aqueous solubility and the dissolution rate of the drug

from oral solid dosage forms have a relevant impact on the
bioavailability of the active ingredient. Nifluminic acid
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(NIF), a structural analog of anthranilic acid, has anti-
inflammatory activity accompanied by an analgesic effect;
it is primarily used to treat different forms of rheumatism,
e.g., theumatoid arthritis and arthrosis, and other inflam-
matory states [1, 2]. According to the Biopharmaceutics
Classification System (BCS), NIF belongs to class II, a
practically water-insoluble (26 ug mL™" at 25 °C), lipo-
philic, and highly permeable compound [3]. Since NIF is
widely prescribed for mild illnesses, the safety aspect
becomes central, and optimization of the overall drug
pharmacological profile is an important objective [4].

Among the various methods used to improve the solu-
bility/dissolution rate of poorly water soluble drugs, the
preparation of solid dispersions [5-8] or of inclusion
complexes of drug with cyclodextrins (CDs) [9—11] are the
most frequently employed. In fast-release solid dispersions,
a hydrophilic polymer of first choice is polyvinylpyrroli-
done (PVP), which is commercially available with various
average molecular weights and marked complexing and
solubilizing properties [12-14]. On the other hand,
hydroxypropyl -CD (HPBCD) is one of the pharmaceu-
tically acceptable carrier due to its amorphousness, high
water solubility, high solubilizing ability, low cost, and low
toxicity [15-18]. In a previous article, the system of NIF
with HPSCD was investigated to improve the dissolution
properties of the drug [19]. The results revealed that an
increase of the CD content in the product corresponded to
an increased NIF dissolution rate; in particular, at a NIF-
CD 1:1 mol ratio, the increase was 1.54-fold.

The favorable effects of PVP on the solubility and on the
dissolution rate of anti-inflammatory non-steroidal drugs
are well documented [18, 20-23], as well as the positive
effect of the addition of small amounts of PVP on the
complexation of CD in terms of the increase in apparent
stability constant and drug availability [24-29].
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The objective of this study was to characterize the ternary
combinations of NIF with HPSCD and PVP. The ternary
systems, in different drug to CD to PVP ratios, were prepared
by using different methods such as simple physical mixing,
kneading, co-evaporation, and microwave irradiation [30],
as described in the experimental section. Differential scan-
ning calorimetry (DSC), thermogravimetric analysis (TG),
and hot stage microscopy (HSM), supported by Fourier
transform infrared spectroscopy (FT-IR) and X-ray powder
diffractometry (XRPD), were used to investigate the solid-
state interactions between NIF, HPSCD, and PVP. In vitro
aqueous solubility and dissolution rate profiles of the ternary
systems were also performed.

Experimental
Materials

NIF, chemically 2-[[3-(trifluoromethyl)phenyl]amino]-3-
pyridinecarboxylic acid, from G. Richter Pharmaceutical
Factory, Hungary; HPSCD from Cyclolab R&D Labora-
tory Ltd., Budapest, Hungary; and PVP K25 (M, ~
34000) from ISP Customer Service GmbH, Germany were
used. All the other materials and reagents were of analyt-
ical grade purity.

Sample preparation

The compositions of the ternary systems prepared are listed
in Table 1. The CD:NIF ratios are given on molar basis,
and the NIF:PVP ratios on a mass basis.

Physical mixtures (PMs) were prepared by gently
grinding of the powder components together in a mortar
with a pestle and passing through a 100-um sieve.

Table 1 Compositions of ternary systems prepared by physical
mixing (PM), kneading (KP), co-evaporation (CP), and microwave
irradiation (MP)

NIF:HP/iCD:PVP* PM KP CP MP
9:1:1 X - - -
6:1:1 X -

3:1:1 X - -
2:1:1 X - - -
1:1:1 X X X X
1:2:1 X X X X
1:3:1 X X X X
1:1:2 - X X -
1:2:2 - X X -
1:3:2 X X X X

* NIF:CD on molar ratio, NIF:PVP on mass ratio
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Kneaded products (KPs) were prepared by wetting each
PM in a mortar with ethanol:water 1:1 (v/v) and grinding
thoroughly with a pestle, after which the product was dried
to constant weight at room temperature. The samples were
then sieved through a 100-um sieve.

Co-evaporated products (CPs) were prepared by dis-
solving NIF in acetone (1 g in 30 mL), and then adding the
appropriate amounts of PVP K25 and HPSCD and then
minimum amount of methanol (~ 10 mL) to obtain a clear
solution. The solvents were removed under reduced pres-
sure at 30 °C, and the residue was dried under vacuum at
room temperature for 3 h, gently ground in a mortar with a
pestle, and passed through a 100-um sieve.

Microwave irradiation products (MPs) were prepared by
wetting each PM with 33% (w/v) aqueous ethanol solution
(200 mg in ~6 mL) in a glass container, followed by
homogenization with a pestle for 3 min and microwave
irradiation at 425 W for 10 min (Pabish CM-Aquatronic).
The dried residue was gently ground in a mortar with a
pestle, and passed through a 100-um sieve.

All products were stored in a desiccator (P,Os) at room
temperature (25 °C).

Methods

Temperature and enthalpy values were measured with a
Mettler STAR® system equipped with a DSC 821° Module
on 3-5 mg (Mettler M3 microbalance) samples in sealed
aluminum pans with a pierced lid (f = 5 K min™", static
air atmosphere, 30-300 °C temperature range). Measure-
ments were carried out at least in triplicate.

Mass losses were recorded with a Mettler TA 4000
apparatus equipped with a TG 50 cell on 5-7 mg samples
in open alumina crucibles (f=5K min~!, static air
atmosphere, 30-300 °C temperature range). Measurements
were carried out at least in triplicate.

Microscopic observation of sample morphology and
thermal events on heating was performed under a Reichert
(Arnsberg, Germany) polarized light microscope equipped
with a Mettler FP82HT/FP80 system (ff = 10 K min™").
Images were taken with a MOTICAM 2000 video camera
and elaborated with Adobe Photoshop 7.0.

FT-IR (650-4000 cm™') spectra were recorded on
powder samples with a Spectrum One Perkin—Elmer FT-IR
spectrophotometer (resolution 4 cm™') equipped with a
MIRacle™ ATR device (Pike Technologies).

XRPD patterns were taken at ambient temperature with
a computer-controlled Philips PW 1800/10 apparatus
(powdered samples in Al holders; Cu K, ; = 1.54060 A
Cu K, » = 1.54439 A; 2°-40° 26 scan range; 0.02° 20 s !
scan speed; monochromator: graphite crystal).

Dissolution tests were carried out at 37 £ 0.5 °C with
the USP method 2 (USP rotating-paddle dissolution
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apparatus, type DT, Erweka, Germany) in 100 mL of
simulated gastric medium (SGM) (pH = 1.1 £ 0.1;
94.00 g of 1 N HCI, 0.35 g of NaCl, 0.50 g of glycine in
1000 mL of distilled water) using 50 mg of NIF or product
containing 50 mg of NIF. The paddle was rotated at
100 rpm and sampling was performed up to 120 min
(sample volume 5.0 mL). After filtration and appropriate
dilution, the NIF amount was determined spectrophoto-
metrically (Asgmy = 256 nm). Each experiment was per-
formed in triplicate.

The following mathematical models were used to eval-
uate the results of the dissolution tests.

Langenbucher model:

et

ni T

Modified Langenbucher:

; l—ﬂzlnt,
V' omp

where my is the mass of drug at time ¢ = 0 and m,, is that at
time ¢, and T is the total time of the dissolution [31, 32].

The kinetics analyses were carried out with an in vitro—
in vivo kinetic computer program.

Results and discussion

The DSC profiles (Fig. 1, on the top) indicate the crystal-
line, anhydrous state of NIF (curve a) (T, peax =
202.6 £ 0.5°C, AH, =131 £2] gfl), and the amor-
phous hydrate nature of HPSCD and PVP with loosely
bound water (curves b and ¢). The TG and DTG curves
(Fig. 1, on the bottom) confirm the anhydrous state of NIF
(curves a,a’) and the presence in both HPSCD and PVP of
~5.5% (as mass fraction) of water, which is lost between
30 and 120 °C (curves b,b’ and c,c’).

In Fig. 2 are reported DSC curves of PMs containing
different ratios of NIF (NIF:PVP 9:1, 6:1, 3:1, 2:1, and 1:1
(w/w), curves a, b, ¢, d, and e, respectively), maintaining
1 mol of HPBCD in each combinations. As the quantity of
NIF in the PMs decreases, the endothermic effect of drug
melting is progressively broadened and the enthalpy value
lowered, until disappearance at the composition 2:1:1 (see
curve d), as a consequence of drug amorphization and/or
drug—carrier interaction.

In Fig. 3 the DSC curves at the composition 1:1:1 for
the PM, KP, MP, and CP are reported. The melting peak of
NIF is absent in the PM and CP products (curves a and d),
while is still present in the DSC curves of the KP and MP
(curves b and c) as a very small endothermic effect around
172 °C (AH, =467 ¢g~' and AH,, = 18 J g, respec-
tively) probably due to the residual drug crystallinity.
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Fig. 1 Top DSC curves of NIF (a), HPSCD (b), and PVP K25 (¢);
bottom TG and DTG curves of NIF (a,a’), HPSCD (b,b'), and PVP
K25 (c,c')

In Fig. 4 are reported XRPD patterns of NIF (pattern a)
and the NIF:HPSCD:PVP 1:1:1 physical mixture (pattern
b) and the respective co-evaporated product (pattern c).
XRPD patterns confirm the crystalline nature of the drug,
with characteristic peaks at diffraction angles of 8.18,
12.92, 16.33, 21.30, and 23.21°20, still evident in the
XRPD pattern of PM, despite the flat DSC profile in the
temperature region of drug melting (Fig. 3, curve a). Such
behavior can be explained assuming NIF amorphization
(i.e., dissolution) in the amorphous carrier solution (as
solvent), brought about by thermal energy absorbed during
the DSC scan. This effect was already described for
naproxen [18]. The XRPD pattern of CP product confirms
the amorphous nature of this system such as just revealed
by the flat DSC curve (Fig. 3, curve d).

All the other samples listed in Table 1 show a thermal
behavior very similar to that reported for the 1:1:1 com-
position, and the DSC and TG curves are, therefore, not
reported.
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Fig. 2 DSC curves of NIF:HPSCD:PVP K25 PMs at 9:1:1 (a), 6:1:1
(b), 3:1:1 (c), 2:1:1 (d), and 1:1:1 (e) compositions
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Fig. 3 DSC curves of the NIF:HPSCD:PVP K25 (1:1:1) physical
mixture (a) and the respective kneading (b), microwave-irradiated (c),
and co-evaporated (d) products

In Fig. 5 are reported HSM photomicrographs of the raw

NIF (a), the NIF:HPSCD:PVP 1:1:1 physical mixture (b),
and the respective co-evaporated product (c), recorded at
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Fig. 4 XRPD patterns of NIF (a), the NIF:HPSCD:PVP K25 (1:1:1)
physical mixture (b), and the respective co-evaporated product (c)

the various temperatures indicated in the pictures. Pure NIF
crystals appear as plates. When heated under ambient
atmosphere from room temperature to ~200 °C, the shape
of the initial particles is preserved; only a rounded edge is
observed just before melting that occurs at 204 °C. At
ambient temperature, the presence of some crystals of NIF
rounded by amorphous aggregates of the carrier in the PM
is evident; the crystal shape is maintained until just before
melting at about 156 °C (Fig. 5b). The CP product appears
as amorphous sample, and no melting is recorded during
heating until decomposition that occurs at 300 °C
(Fig. 5c¢).

In order to further investigate the interaction between
the drug and the carrier, FT-IR spectra of each component
and all the ternary systems prepared are recorded. The NIF
spectrum (Fig. 6a) shows the characteristic absorption
bands of the carboxyl group (C=0O stretching at
1663 cm_l) and O-H stretching at 1424 cm~ L. The CF;
group signal appears at 1326 cm™"' and the characteristic
C-H band at around 880 cm™'. The HPSCD spectrum
(Fig. 6b) displays the characteristic band of O-H stretching
at around 3310 cm ™', In the PVP K25 spectrum (Fig. 6¢),
a strong band due to the C=0 stretching vibration and a
broad strong band due to the O-H stretching vibration at
1650 cm ™" and at 3440 cm ™!, respectively, are present.

The FT-IR spectrum of the PM (Fig. 6d) is very similar
to that of HPBCD, probably because in this ratio (1:1:1) the
CD is present in higher quantity compared to NIF and PVP.
The FT-IR spectra of KP (Fig. 6e) and CP (Fig. 6f)
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Fig. 5 HSM photomicrographs
of NIF (a), the
NIF:HPSCD:PVP K25 (1:1:1)
physical mixture (b), and the
co-evaporated product

(¢) recorded at various
temperatures
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Fig. 6 FT-IR spectra of NIF (@), HPSCD (b), PVP K25 (c), the
NIF:HPSCD:PVP K25 (1:1:1) physical mixture (d), and the respec-
tive kneading (e), and co-evaporated (f) products

products in the region between 1700 and 1200 cm™' are

very similar; the absorption bands are not well resolved,
suggesting an amorphization of the drug. On the other
hand, the spectrum of the CP product presents a new band
at around 2360 cm_l, due to the —NH>* stretching
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Fig. 7 Dissolution profile of NIF (asterisk), the NIF:HPSCD:PVP
K25 (1:1:1) physical mixture (filled diamond), and the respective
kneading (filled circle), microwave-irradiated (filled triangle), and co-
evaporated (filled square) products

vibration [33]. The crystalline NIF is in the double ion,
ammonium-carboxylate state, which is common with the
acid. Probably the use of the organic solvent alcohol or
acetone induced proton transfer and so the transformation
of NIF from the neutral to the amino-carboxylic form.
Nifluminic acid is a weak acid (pK,; = 2.28 &+ 0.08,
pK.> = 4.86 £ 0.05 [34]) characterized by very low sol-
ubility in aqueous solutions (1.9 x 107> mg mL™" at
25 °C [35]). The in vitro dissolution behavior of pure NIF
(50 mg) in SGM is 9.92 mg/100 mL. which means that
19.8 & 0.4% is released in 120 min (Fig. 7). The processes
of dissolution in SGM are prolonged and saturation is
observed after 30 min. As concerns the PM and MP
products, the quantity of NIF dissolved increases only
gradually, an approximately 10% solubility increase being
measured, independently of the weight ratios. However, by

the kneading (64.0 &+ 0.2%) and co-evaporative
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Table 2 Kinetic results of NIF and 1:1:1 products

K m R?
NIF 0.021 —0.031 0.97
PM 0.021 —0.013 0.99
KP 0.038 0.11 0.98
MP 0.012 0.026 0.99
CP 0.12 0.057 0.91

K dissolution rate, m intersection, and R? correlation coefficient

(94.1 £ 0.3%) technologies, significantly higher dissolu-
tion concentration is achieved.

The dissolution of NIF from the products in SGM is
described most precisely by the Langenbucher equation.
The kinetic of the drug release (dissolution rate constant,
K) is studied by using the mathematical model presented
earlier, as a function of the correlation coefficient of the
dissolution process (Table 2). The kinetic parameters are in
agreement with the dissolution data and confirm that the
drug dissolution depends on the preparation method and
that the value of K is significantly higher (nearly 6-fold) for
the CP product compared to pure NIF.

Conclusions

Thermal characterization of the ternary systems prepared
with HPBCD and PVP K25 revealed a solid interaction
between the drug and the carrier and/or a drug amorph-
ization, more evident in the systems prepared by physical
mixing and co-evaporation. In the kneaded and microwave-
irradiated products, only partial drug dispersion in the
carrier is demonstrated by the thermal data. The XRPD
patterns showed the partially crystalline nature of the
physical mixture and the complete drug amorphization in
the other systems prepared.

All the ternary systems are suitable to improve the
dissolution rate of NIF, a drug with very low aqueous
solubility. The dissolution data and the kinetic parameters
revealed that the percentage of drug release is dependent on
the preparation method used. The best performance is
obtained for the CP product, with a dissolution rate con-
stant value nearly sixfold higher than that of pure NIF.
However, further studies should be performed concerning
the storage and bioavailability of NIF in solid dispersions,
because these systems are presumably suitable for the
formulation of oral or semisolid dosage forms.
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