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Abstract. Solid-state properties of tolfenamic acid (TA) and its complexes with chitosan (CT) have been
studied. Effect of medium pH, molecular weight of polymer and its different concentrations on these TA—
CT complexes were studied in detail. Low and medium molecular weight CT have been used in different
ratios at pH ranging from 4 to 6 and freeze-drying technique has been employed to modify the appearance
of crystalline TA. Physical properties of the formed complexes have been studied by employing X-ray
diffraction, differential scanning calorimetry and scanning electron microscopy; chemical structure has
been studied using Fourier transform infrared spectroscopy. The results showed that both forms of the
polymer exhibited complete conversion in 1:8 ratio at pH 4, 1:4 at pH 5 and 1:1 at pH 6 indicating a
marked effect of pH on drug—polymer complexation. The percent crystallinity calculations indicated low
molecular weight CT slightly more effective than the other form. No changes in the complexes have been
observed during the 12 week storage under controlled conditions. Both forms of CT at different pH values
indicated retardation of recrystallization in TA during cooling of the melt from 1:1 ratios exhibiting
formation of strong intermolecular hydrogen bonding between the drug and the polymer.

KEY WORDS: amorphous; chitosan; effect of pH and molecular weight; freeze-drying; recrystallization;

tolfenamic acid.

INTRODUCTION

Tolfenamic acid (2-[(3-chloro-2-methylphenyl)amino]
benzoic acid) is a cyclo-oxygenase inhibitor and belongs to
the family of NSAIDs (Fig. 1a). Due to its anti-inflammatory
and analgesic properties, it has been used in the treatment of
migraine, dysmenorrhoea, rheumatoid arthritis, osteoarthritis,
etc. (1,2). Recently, it has been discovered that tolfenamic acid
can also be used as a novel anticancer therapeutic agent
against different types of cancers (3-8) and is currently under
clinical trials on cancer patients (5). It has also shown some
therapeutic intervention in slowing down the progression of
Alzheimer’s disease (9,10) as well as excellent in vitro
antibacterial activity against Helicobacter pylori after com-
plexation with bismuth (IIT) (11).

Tolfenamic acid (TA) is a white or slightly yellow crystal-
line powder and is practically insoluble in water (2,12).
Aqueous insolubility of drugs is a major problem in develop-
ing formulations with enhanced bioavailability and efficacy
(13,14). Tt has been reported that formulation of a drug with
some new approaches may result in changes in plasma con-
centration profile after oral administration due to improve
drug solubility and dissolution characteristics (13,15). Several
workers have used different methods of drug modification to
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change its solid-state properties, such as, particle size reduc-
tion, alteration in crystal structure, salt formation, drug—poly-
mer complexation, formulation of drug with lipophilic bases,
formation of solid dispersions, efc. These are some of the
approaches that have been employed to enhance therapeutic
activity of drugs (13,16).

The mechanism of drug—polymer complexation is often
attributed to higher amounts of the polymer required to convert
and stabilize the drug into its amorphous form. This conversion
and its stability are dependent upon the formation of strong
intermolecular hydrogen bonds that decreases the mobility of
high-energy amorphous molecules. However, the increased
amount of these hydrophilic polymers and their ability of en-
hanced uptake of moisture lead to recrystallization of the amor-
phous drug molecule (13,17,18). Similarly, techniques like
freeze-drying, spray drying, milling, efc. also favour the forma-
tion of amorphous character (16-18). Sometimes combination
of techniques such as freeze-drying and complexation with poly-
mers may result in better modifications of solid-state properties
(18). Similarly, the effect of pH has also been considered as an
important parameter in evaluating drug complexation (19-21).
Another important parameter

Although studies reported on the complexation of TA
with polymers are limited in numbers, but the interest and
understanding has increased over the years, as a number of
papers are available in literature regarding its clinical uses,
indicating the importance of this drug that has been realized
both by clinicians and physical scientists. Interactions and
complexation of TA with polymers like cyclodextrins (22—
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Fig. 1. Structures of tolfenamic acid a and chitosan b

24), polyvinylpyrrolidone (13), and poloxamer-407 (14) have
been studied previously that resulted in improved aqueous
solubility of the drug.

Chitosan (CT) is a cationic polymer (Fig. 1b) having good
biocompatibility, biodegradability and bioactivity (25,26). It has
been used in a variety of cosmetic and pharmaceutical prepara-
tions due to its improved performance and is also involved in a
number of drug delivery studies (25-27). CT is insoluble in
water, organic solvents and is precipitated in alkaline solutions.
In dilute aqueous acidic solutions of pH<6.5, its glucosamine
units are protonated to form R-NH;", thus making it soluble
(25,27,28). A number of workers have previously employed CT
to complex with different classes of drugs such as anticancer
(29,30) and anti-inflammatory drugs (31-33), calcium channel
blockers (34), antibiotics (35,36), corticosteroids (37,38), etc. and
have studied the effect of drug—polymer complexation for
improved drug delivery applications.

The above mentioned properties and ability of CT to
protonate makes it an ideal candidate to be studied with TA
for intermolecular interactions. Different drug—polymer ratios
with increasing polymer concentrations have been employed
to identify the optimum concentration of CT required to
obtain TA into its amorphous form after freeze-drying. The
study also aims to evaluate the effect of molecular weight of
the polymer at different pH values on the complexation be-
haviour, which is a novel combination and has not been
reported in literature to date.

MATERIALS AND METHODS
Materials

TA (99.97%) and CT (75-85% deacetylated, low and me-
dium molecular weight) were purchased from Sigma-Aldrich
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Company Ltd. (Dorset, UK). All other chemicals and solvents
used in this study were of analytical grade.

Preparation of Drug and Polymer Solutions

A 1% solution of TA was prepared in ethanol. Similarly
1% solutions of CT of both low (LMW) and medium molec-
ular weight (MMW), respectively, were prepared in 0.05 M
solution of acetic acid and stirred for 24 h, protected from
light. All solutions were homogenous and transparent in
appearance.

Preparation of Samples for Freeze-Drying

Drug—polymer solutions for freeze-drying were prepared
in different ratios: 1:1, 1:2, 1:4, 1:8 and 1:16 (both for low and
medium molecular weights), respectively. The pH of the sam-
ples was found ~5. The solutions were thoroughly mixed and
subjected to freeze-drying (Epsilon 1-4, Christ, Germany) on
0.1 mbar pressure at —50°C for 24 h. After freeze-drying the
samples were stored at room temperature in a desiccator
containing silica gel, protected from light. The initial analysis
was carried out within 2 days at room temperature and the
stored samples were further characterized weekly for 12 weeks
to monitor any changes that may result during storage.

Characterization Studies
X-ray Diffractometry

The pure and freeze-dried samples were subjected to X-
ray diffractometry (XRD) analysis and the diffraction patterns
were recorded at room temperature with a STOE STADI-P
high-resolution diffractometer (Darmstadt, Germany) using
Cu K-alphal radiation (wavelength=1.54051 A) operated at
40 kV and 35 mA. Each data was collected over the 20 range
5-60° for 60 min by using propriectary STOE WinX"°W
software.

Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) analysis was car-
ried out to study the thermal behaviour of the pure and freeze-
dried samples in triplicate by using DSC 6 (PerkinElmer,
USA). The DSC was purged with nitrogen gas with a flow
rate of 20 ml/min whereas calibration of the instrument was
carried using standard indium and zinc. Samples in triplicate
were accurately weighed (3+£0.1 mg) in pin hole aluminium
pans which were then covered with aluminium lids and heated
from 30 to 250°C at a heating rate of 10°C/min. For the
recrystallization studies, the samples were heated in the simi-
lar conditions and cooled down at a rate of 20°C/min. The
thermograms were analyzed using Pyris 7.0 software.

Scanning Electron Microscopy

Scanning electron microscopy (SEM) of pure and freeze-
dried samples was carried out using Inspect™ F (FEI, Holland)
microscope with an accelerating voltage of 5 kV. Prior to exam-
ination, the samples were mounted on 0.5-in. aluminium stubs
by the help of double sided carbon adhesive tabs (Agar
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Scientific, UK) and made electrically conductive by performing
carbon coating using Speedivac carbon coating unit (Model
12E6/1598). The magnification selected was sufficient for ob-
serving the detailed morphology of the samples under study.

Fourier Transform Infrared Spectrometry

Fourier transform infrared spectrometry (FTIR) spectra
were obtained with a Nicolet Nexus FTIR spectrophotometer
(Thermo Fisher Scientific Inc., USA), within a spectral range
of 4,000-400 cm ™! at a resolution of 4 cm™! with 64 scans and
the spectral data processed using Omnic 7.4 software.

pH Measurement

The pH of each set of solutions for drug—polymer complex-
ation was adjusted to one pH unit, below (~4) and one unit
above (~6), the actual pH of the solutions (i.e. ~5), with a few
drops of either 1 M solution of acetic acid or sodium hydroxide
with a calibrated pH meter (model pH 209, Hanna instruments,
UK) using a combination electrode. The samples were then
subjected to freeze-drying, storage and analysis under the same
conditions as described in the above sections.

RESULTS
Appearance of the Freeze-Dried Samples

The polymer solutions alone and in combination with the
drug in different ratios were obtained as thin white/off-white
films after freeze-drying. These films were then subjected to
characterization studies to confirm the degree of conversion of
crystalline state of TA into its amorphous form.

XRD Analysis

Crystallinity of TA in the polymer matrix of different
ratios was evaluated using XRD. The pure crystalline TA
showed characteristic diffraction lines at 26 values of 5.21°,
11.58°, 15.72°, 18.70°, 19.77°, 24.90°, 25.32°, 25.90°, and 26.81°
respectively, whereas no lines were observed in the pure poly-
mers due to their amorphous nature. The diffraction patterns
of TA and freeze-dried samples of both LMW and MMW CT
are shown in Fig. 2. The XRD data clearly show a marked
decrease in the diffraction intensity of TA when combined
with either form of the CT and no lines has been observed
from 1:4 ratios and onwards. Further confirmation of XRD
results was made by performing DSC, FTIR and SEM.

DSC Studies

The thermal behaviour of TA in the pure and freeze-dried
samples was studied through DSC. The melting peak of crystal-
line TA was observed at ~214°C, which is close to the values
stated in the literature (12,13,39) and in addition, the same
region was also nearly consistent with the values of the freeze-
dried samples (Table I). Figure 3 shows the DSC plots of pure
TA and freeze-dried samples of LMW CT ratios from 1 to 16.
No peak was observed for 1:4 and onwards drug—polymer ratios
and similar pattern has also been observed in the case of MMW
CT suggesting the conversion of crystalline TA into the
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Fig. 2. XRD patterns of TA, LMW CT, MMW CT and their freeze-
dried samples (1:1-1:16)

amorphous form. The amorphicity of a drug can is usually
characterized by a loss of the melting peak (26,40,41).
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Table I. Thermodynamic Parameters of Pure TA and Freeze-Dried TA-CT Samples at pH ~5

Type of sample Temperature of melting (°C) Peak area (mJ)

Enthalpy of melting (AH,,) (J/g)  Degree of crystallinity (X.) (%)

Pure TA 214.31 322.69
LMW

1:1 214.72 82.24
12 214.54 26.84
1:4 NPD 0

1:8 NPD 0
1:16 NPD 0
MMW

1:1 214.24 98.36
1:2 213.84 39.78
1:4 NPD 0

1:8 NPD 0
1:16 NPD 0

108.64 100
27.41 25.23
8.94 8.23
0 0

0 0

0 0
32.79 30.18
12.83 11.81
0 0

0 0

0 0

Values expressed as a mean of three to five determinations

Pure TA tolfenamic acid as purchased from the supplier, LMW low molecular weight chitosan, M MW medium molecular weight chitosan, NPD

no peak detected

SEM Analysis

SEM was used to evaluate the effect of freeze-drying
on the morphology of drug—polymer particles. The images
showed pure TA (Fig. 4a) as large crystalline particles of
irregular shape and size, whereas, small and homogenous
amorphous particles in the case of pure LMW and MMW
CT were observed (Fig. 4b and c). Both forms of the
polymer formed a porous network after freeze-drying
which was completely different from the original morphol-
ogy of the raw materials (Fig. 4d and e). The presence of
partially crystalline TA particles in the polymer matrix can
be observed in the images of 1:1 ratio of TA-CT samples
for both forms of the polymer (Fig. 4f and h). However, a
complete change in the morphology of TA particles can
be seen in the case of 1:4 complexes of both LMW and
MMW CT, where the appearance of smooth reduced size
particles indicate complete conversion of TA into its
amorphous form (Fig. 4g and i).

FTIR Studies

The FTIR spectra of the pure and freeze-dried samples of
TA and CT, alone and in combination are shown in Fig. 5. In
pure crystalline form, TA shows N-H stretching vibrations at
around 3,342-3,340 cm ' while one of its other polymorphic
forms is reported to give the similar stretching vibrations at
3,324-3315 cm !. Therefore, the spectral features for the
change in the crystalline forms of TA can be studied within
the spectral range of 3,350-3,300 cm ™' (13,42.43). Our findings
are also in agreement with other workers as N-H stretching
band for TA either alone or in combination with CT after
freeze-drying is observed at 3,340 cm ™! (Fig. 5). The effect of
polymer concentration can also be noticed in the same region
as with an increase in concentration there is a marked
decrease in the stretching vibrations of N-H group of TA
and no band has been observed from 1:4 and onwards ratios
for both forms of the polymer (Fig. 5). The other specific
absorption bands for pure TA could be observed at
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Fig. 3. DSC plots of TA, LMW CT and their freeze-dried samples (1:1-1:16)
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Fig. 4. SEM images of a TA, b LMW CT, ¢ MMW CT as purchased from the supplier; d freeze-dried LMW CT e
freeze-dried MMW CT f 1:1 TA-LMW CT g 1:4 TA-LMW CT h 1:1 TA-MMW CT i 1:4 TA-MMW CT. The arrows
are indicating the transformation in TA particles from partial crystalline to complete amorphous state

1,661 cm ™! for the stretching vibrations of C=0 of carboxylic
moiety, 1,600-1,560 cm! for C-N stretching bands and
~1,500 cm ™! for N-H bending vibrations.

Effect of pH

In order to observe the effect of pH on drug—polymer
complexation, all the ratios for both forms of CT were further
analyzed at pH ~4 and ~6. The samples at pH ~5 showed
complete conversion of TA into its amorphous form from 1:4

and onwards ratios. The characterization of the samples at pH
~4 and ~6 showed a marked effect of pH on the complexation
of TA with CT. The samples adjusted to pH ~6 exhibited a
greater degree of complexation as no peak for TA was observed
from 1:1 ratio and onwards for both LMW and MMW CT by
XRD and DSC studies. In the case of samples adjusted to pH
~4, complete absence of peaks from 1:8 and onwards ratios has
been noted for both forms of CT thus indicating that an increase
in pH value decreases the concentration of polymer required to
convert crystalline TA into its amorphous form.



Studies on Tolfenamic A cid—Chitosan Intermolecular Interactions 875

= |
TA - |
S L il
- n ] ]
| . r [\ ) ‘L'. \ |‘| Il
o B | Y '\r | J’I.J 1 “,'.
~ i L “l
I L} 1 1 LI T 1 T T T T 1 I T T L} I T 1
4001 3600 J200 2800 2400 2000 1600 1200 300 400
! Wavenumber (cm™) |
< I , I P
1:1 LMW N 1:1 MMW W, W
N I A X |
I
M 1 } | L] 1
L | ' | J
4 N / ANy
— ) N UiV s _ N VI |
:./,.—._\_\.- . . . 1\ 1L l‘ ! P I R
1:2 LMW o, LAY | |f 12MMW [ S VM
™~ M J : A ey |
e 1 -, L] i] |
™, W il
R %% \ \ SR Y
LY : s ~ h v
7N ~ I -5 )
1:4 LMW ~ Y
/ s’ N | 1:4 MMW &
b M s
N, ; 1
Y, N :
———— \\ I' ™ \
. " s § __]| II[ |
™, i . . ]I y
e N N \
4 X L {
1:8 LMW "\ N . v (" 0] ~~ L. |
\ ) 1:8 MMW N N\
\ & b
‘\\\ 1
. B
N\ . ¥ | ke
; ™ 1 -5 .
1:16 LMW \__. " %) J L
N A |
'.\\ \ .. \I | i
" 1:16 MMW \
sy \ \ Y
: N A
Ay \ o !
LMW CT N Wl i 3 '
. > MMWCT [ . A
—ad | -
i ) r
\ et
] | '-\.l .\
N/ = {
r . / V\‘
O
b
,I
L L T L T T T T T T L L T T T T L T T T
4 3600 3200 2800 2400 2000 1600 1200 800 400 4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (¢cm™) Wavenumber (cm')

Fig. 5. FTIR spectra of TA, LMW CT, MMW CT and their freeze-dried samples (1:1-1:16). The arrows indicate the NH-stretching vibration at
the region 3,340 cm ! and bending vibrations at around 1,500 cm ™! indicating intermolecular hydrogen bonding between TA and CT

Recrystallization Studies of the Freeze-Dried Samples temperature thus indicating the formation of stable TA-CT

complexes. Since in this study the 1:4 drug—polymer ratio at
The characterization of the samples showed no signs of pH ~5 has been found effective to completely transform
changes during storage of 12 weeks in desiccator at room crystalline TA into its amorphous form but no recrystallization
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Fig. 6. DSC plots showing cooling of the melts of pure TA and its freeze-dried samples with
LMW and MMW CT at pH ~4-6. The recrystallization peak in pure TA can be observed at
~180°C whereas no recrystallization occurred during cooling in the presence of both forms

of the polymer

in TA during cooling of the melt has been observed from 1:1
TA-CT ratios and onwards for both forms of the polymer
(Fig. 6). These results indicate a formation of strong
intermolecular hydrogen bonding between the drug and the
polymer. Similarly no recrystallization during cooling of the
melts has been observed for samples at around pH 4 and 6
from 1:1 ratios and onwards during the 12 weeks storage
period.

The T, of pure TA is reported to be 63°C (39). Our
results showed a slight increase in the 7, of the drug-polymer
blends with a midpoint value of 70+2°C for both forms of CT
at all studied pH values.

Effect of Polymer Molecular Weight

Although both forms of the polymer showed the same
ratio to be effective in converting crystalline TA into the
amorphous form but still the effect of molecular weight can
be predicted by calculating the difference between the enthal-
py of melting from the DSC plots (Table I). The estimation of
the thermodynamic parameters and percent crystallinity of the
samples was made by the following formula (41,44):

AHp

Xe = AH,, 100%

where X. is the degree of crystallinity of TA in the measured
sample, AH,, is the enthalpy of melting of the studied sample
and AH,'®% is the enthalpy of melting of pure crystalline
material i.e. 100%.

DISCUSSION

Physical state properties of the pure TA and its freeze-
dried complexes have been studied by employing XRD, DSC
and SEM. The loss of crystalline drug peaks in the complexes
by XRD (Fig. 2) and DSC (Fig. 3) indicates the transforma-
tion of the drug to its amorphous state. This decrease is
consistent with increasing polymer concentration and no peak
has been observed from 1:4 and onwards ratios for both forms
of CT (Figs. 2 and 3). Previously, Gong et al. (26) reported the
same ratio of CT to be effective in converting the crystalline

indomethacin to its amorphous form. Similarly, in support of
XRD and DSC results, the SEM images (Fig. 4) reveals a
partial crystalline appearance for 1:1 and 1:2 TA-CT com-
plexes. This could be due to the fact that around 70% of the
drug is already being converted into the amorphous form
which is also evident from the values of X, of only 25.65 and
30.18% for LMW and MMW CT, respectively (Table I).

The complexation of a drug and a polyelectrolyte often
produces several changes in their FTIR spectra as compared
to the pure sample. These interactions may lead to the shifting
or alteration of the band intensity and area of the corresponding
vibrations of the pure materials (13,26). The structural study of
TA reveals the fact that the two potential electron-accepting
sites are present in TA, i.e. a hydrogen atom bonded to nitrogen
atom and the other hydrogen, strongly acidic proton from
COOH group (Fig. 1a). The polysaccharide structure of CT
consists of copolymers of glucosamine and N-acetyl glucosamine
contains electron-donating centres (CO group and the N-H
from amino group) and therefore capable of forming hydrogen
bond (Fig. 1b). The difference in the bands intensity with in-
creasing polymer concentration in the region of 1,661 and
~1,500 cm ™! (Fig. 5) suggests the involvement of H-atom from
COOH and N-H group of TA to form hydrogen bonds with CT
representing strong complex formation between the two
moieties. However, a complete loss of the absorption bands at
3,340 and 1,500 cm ™! from 1:4 and onwards ratios for both forms
of the polymer indicate complete transformation of crystalline
TA to its amorphous form (Fig. 5). Such type of intermolecular
hydrogen bonding between the drug and polymer leading to
modifications in solid-state properties of drug is also reported by
several other workers (13,18,45-47). The peaks at around 1,270
and 750 cm ! are also characteristic bands for C-H and C-N
deformation, respectively (43) but the reduction in their
intensity is more a concentration rather than transformation
effect as these can be observed for 1:4 and higher ratios in
both forms of the polymer (Fig. 5). The FTIR data supports
the results obtained from XRD, DSC and SEM thus confirming
the conversion of crystalline TA into its amorphous state.

The complexation between TA and CT can further be
explained on the basis of medium pH. A graph plotted be-
tween pH and CT ratios shows a slight curve relationship
(Fig. 7) which could be interpreted on the basis of drug—
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Fig. 7. Plot of pH versus CT ratios for freeze-dried TA-CT samples.

The points indicate the values that showed complete conversion of
crystalline TA into its amorphous form after freeze-drying

polymer ionization and degree of complexation between TA
and CT. It has been reported that TA complexation with the
polymer is weaker in acidic pH particularly below its pK,
value, i.e. 3.7-4.3 (22,23,48), probably due to the presence of
a greater amount of non-ionized -COOH group. CT un-
dergoes optimum complexation around its pK, of 6.2-6.5
(49,50). This could be due to the availability of free amino
groups in CT to form a complex. An interesting phenomenon
observed during the characterization of the complexes at pH
~6 is the formation of a peak at 58°C that increases with the
increasing polymer concentration (Fig. 8). This peak has been
identified as the trihydrate form of sodium acetate due to its
specific melting peak in DSC plots (27,51). Although the
interaction of TA-CT to form amorphous TA is not affected,
but trihydrate sodium acetate formation is only due to the
excess amount of sodium hydroxide added to adjust the pH
value at ~6 (Fig. 8).

It is a known fact that some drugs, including TA, recrystal-
lize upon cooling after melting (17,18,39). A classification system
has been reported by Baird ef al. (39) in which substances crys-
tallizing during cooling of the melt are categorized as class I. On
the other hand, polymers are known to inhibit recrystallization in
drugs, which may occur during storage due to crystal growth and
nucleation. The choice of suitable polymer to stabilize the drug
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against recrystallization depends not only on the amount of the
polymer but also on the chemistry of the drug (13,18,47). Hence,
the use of optimum amount of a polymer capable of forming
hydrogen bond with the drug results in better stabilization with
lesser chances of recrystallization (18,47). However, water or
moisture absorption can break these bonds and the drug may
recrystallize again (16-18). In this study, it has been found that
the amount of CT required for the prevention of recrystallization
of TA, during cooling of the melt, is much lower than the amount
needed for complete amorphicity. No appearance of recrystalli-
zation peak during cooling of the melt from 1:1 ratios at all the
studied pH values for both forms of CT indicates a strong com-
plexation between TA and the polymer (Fig. 6). Moreover, poly-
mers are also known to improve the stability of amorphous
solid dispersions to crystallization by increasing their glass
transition temperature (7,) and storage of amorphous solids
below the T, usually improve their stability (13,16,18). The
observed close range of T, (70+2°C) for all the studied
samples indicate that the TA-CT complexes are miscible
across the entire concentration range.

In addition to the pH of the medium and concentration of
the polymer, the effect of its molecular weight was also stud-
ied. The values of AH,,, and X, indicate that LMW is compar-
atively more effective than MMW CT in converting crystalline
TA to the amorphous form (Table I). This may be due to the
absence of any unbounded component of LMW CT in the
complex. Similar results are reported by Volodko et al. (52)
observing that LMW CT is more effective as compared to
higher molecular weight polymer in the case of CT-carrageen-
an complex. This effect can also be seen in the XRD patterns
(Fig. 2) where a marked difference in the peak height of TA in
1:1 and 1:2 ratios can be observed, thus proving LMW CT to
be more effective for complexation.

CONCLUSIONS

The initial characterization of the samples by XRD, DSC
and SEM confirms the conversion of crystalline TA into its
amorphous form from 1:4 and onwards ratios for both forms
of the polymer. The results obtained by all these techniques
support and complement each other on the amorphous nature
of the active drug. The presence of TA on the surface of the
complex is clearly visible in the SEM images. Similarly, the
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Fig. 8. DSC plots of freeze-dried samples of TA with MMW CT at pH ~6 showing the
formation of sodium acetate trihydrate at 58°C
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molecular interaction between the two entities is confirmed by
FTIR, which shows some major peaks of TA in all the com-
plexes that are not present in pure CT as well as formation of
hydrogen bonding between the drug—polymer complexes. In
addition, a pronounced pH effect on the complexation process
revealed that the probability of drug ionization and com-
plexation is markedly increased at a pH value (~6) above
its pK, of 3.7-4.3. Similarly, the effect of molecular weight
is also noted for CT as LMW form was comparatively
more effective than MMW in converting crystalline TA
to the amorphous form as observed by the difference in
enthalpy of melting calculated from DSC plots.
Furthermore, recrystallization of freeze-dried samples dur-
ing cooling of the melt was not observed for ratios of 1:1
and above for all the pH values studied indicating a
formation of strong intermolecular hydrogen bonding be-
tween the drug and the polymer.

This study highlights the effect of pH of the medium,
molecular weight and optimum concentration of the polymer
that may help to prepare stable formulations with amorphous
tolfenamic acid since no dosage form other than tablet is
currently available for clinical use. This change in the solid-
state properties of the drug is of enormous value as it will help
in the clinical management of a number of disease conditions,
including cancer.
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