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Ambazone salt with p-aminobenzoic acid

The double benefit of solubility and antibacterial activity improvement
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Abstract In this study, we obtained a novel salt of am-
bazone (AMB) with p-aminobenzoic acid (PABA) that
exhibits improved solubility and antibacterial activity. The
salt was produced by solvent-drop grinding and charac-
terized by powder X-ray diffraction, thermal analysis and
Fourier transform infrared spectroscopy. The salt nature of
the new form was confirmed by infrared spectroscopy
based on the characteristic vibrational band of the proton-
ated amino group. Based on the X-ray powder diffraction
data, the compound crystallizes in the triclinic P_; space
group with the following wunit cell parameters:
a=14294 A, b=9.162 A, ¢ =8777 A, o= 9590°,
f = 100.63°, y = 91.73°. Thermal analysis reveals the
thermal events and different decomposition steps of this
solid form as compared to the starting compounds. Powder
dissolution measurements showed solubility improvement
compared with pure ambazone of 2 and 3.3 times in water
and phosphate buffer, respectively. Antibacterial tests
showed higher activity of the salt to Gram-negative Esch-
erichia coli and Salmonella bacteria as compared to AMB
and PABA. The study demonstrates that the pharmaceuti-
cal salt of ambazone with p-aminobenzoic acid (AMB-
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PABA) can be a possible alternative to ambazone in the
treatment of infections with Gram-negative bacteria.
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Introduction

Exploring the different solid forms of active pharmaceutical
ingredients (APIs) is critical for the successful development
of a drug product. Antimicrobial agents are the future in
exploring drug resistance of the microbial strains [1].
Obtaining salts or co-crystals of APIs increases the potential
of changing and optimizing their physical and chemical
properties, such as solubility and bioavailability [2].

Solubility and dissolution rates in aqueous media are
important parameters in designing solid dosage forms, as
they usually affect the rate of drug absorption and transport
in the body. The latest investigations in pharmaceutical
industry are focused on the discovery of new salts or co-
crystals, the latter providing even higher potential to
explore the properties of APIs by using a larger range of
pharmaceutically accepted conformers [3, 4].

Ambazone monohydrate (AMB) ([4-(2(Diaminomethy-
lidene)hydrazinyl)phenylJiminothiourea), CgH;;N,S-H,O,
(Fig. 1a)isan antimicrobial agent from the sulfonamides class
that possesses antibacterial and antitumor activity [5, 6]. It is
active against pathogens and used to treat light throat infec-
tions, sometimes replacing the use of antibiotics. The rela-
tively low solubility in water is a significant deficiency of
ambazone, which implies the interest of finding new solid
forms with improved properties. This compound has a basic
character and can exist in different ionized forms of their
conjugated acids with pK, values: 6.22, 7.37 and 10.69 [5].
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Fig. 1 Structural formula of
ambazone monohydrate (a) and
p-aminobenzoic acid (b)

p-Aminobenzoic acid, (PABA) C;H;O,N, (Fig. 1b) is a
compound of high biological significance with a wide
range of therapeutic uses as antioxidant [7], antibacterial
[8] or protective drug against UV irradiation [9]. PABA is
capable to form extended structures through linear hydro-
gen bonding associations, through both the carboxylic and
amine functional groups [10]. p-Aminobenzoic acid is
amphoteric with pK,’s of 2.41 and 4.87 [11].

The interaction between API and a co-former molecule
is influenced by ApK, (ApK, = pK,(base) — pK,(acid)).
The difference between the pK, values of components is
often used to predict whether a salt or co-crystal can be
expected for the two components. ApK, < 0 is generally
considered to be associated with systems that form co-
crystals, ApK, > 3 results in salts, while 0 < ApK, < 3
may lead to salt, co-crystal or disordered solid form with
partial proton transfer [12-14].

Thermal analysis is commonly used to identify the newly
obtained solid forms of pharmaceutical compounds with
potential biological activity [1]. Powder X-ray diffraction
measurements are carried out to confirm new solid forms of
pharmaceuticals and for their structural characterization
[15]. FT-IR is a useful technique for the correct identification
of solid form nature, salt or co-crystal, based on the char-
acteristic vibrational bands of the protonated amino (NH;™)
and the carboxylate (COO™) groups [16, 17].

There are already several salts of ambazone reported with
HCI, glutamic acid, niflumic acid and lipoic acid [18-21].
The aim of this study was to obtain a new solid form of AMB
with PABA (AMB-PABA), with possibly enhanced solu-
bility and antibacterial activity as compared to AMB.

Materials and methods

Ambazone was provided in monohydrate form by Micro-
sim Laboratories (Romania), and p-aminobenzoic acid was
purchased from Sigma-Aldrich. Ultrapure water from
Merck was used. All materials were used without prior
purification. The AMB-PABA was prepared by solvent-
drop grinding (SDG) as follows: an equimolar mixture
containing 255.28 mg (1 mmol) of AMB and 137.14 mg (1
mmol) of PABA wetted with few drops of ultrapure water
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was manually grounded together in an agate mortar for 120
min until a dried powder was obtained.

The obtained powder was analyzed by powder X-ray
diffraction, spectroscopic and thermal methods, dissolution
and antibacterial studies were also performed.

Powder X-ray diffraction

Powder diffraction patterns were collected in the
20 = 3.5-43° angular domain with a Bruker D8 Advance
diffractometer, using Cu Ko radiation (1 = 1.5406 10\)
(40 kV; 40 mA). In order to increase the resolution, a Ge
111 monochromator was used to eliminate the Ko, radia-
tion. Data collection was performed with the DIFFRAC
plus XRD Commander programs’ package at room tem-
perature. The step scan mode was performed with a step of
0.01° at a rate of 1 step s~ '. The samples were mildly pre-
ground in an agate mortar in order to control crystals size
and to minimize the preferred orientation effects.

Differential scanning calorimetry

Differential scanning calorimetry (DSC) experiments were
performed with a Shimadzu DSC-60 calorimeter, and the
sample was heated in the range of 20-300 °C with a
heating rate of 10 °C min~"' in crimped aluminum sample
cell with nitrogen flow of 60 mL min~". For data collec-
tion and analysis, the Shimadzu TA-WS60 and TA60 2.1
software were used.

Differential thermal analysis and thermogravimetry

Simultaneously, differential thermal analysis and thermo-
gravimetry (DTA/TG) measurements were performed with
a DTG-60/60H Shimadzu apparatus in the range of
30-400 °C with a heating rate of 10 °C min~', by using
alumina cells (¢ 5.8 mm x 2.5 mm) under dry nitrogen
purge (70 mL min™").

Fourier-transformed infrared spectroscopy

The infrared spectra (FT-IR) were obtained with a JASCO
6100 FT-IR spectrometer using Spectra Manager software
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for data collection. Small amount (~1 mg) of each solid
sample (AMB, PABA, AMB-PABA) was mixed with
150 mg of KBr powder and compressed in pellets. The
spectra were recorded in the spectral domain
400-4,000 cm™!, with a resolution of 4 cm™! and 256
scans. A KBr pellet was used as reference. Data analysis
was performed using Spectra Analysis software.

Powder dissolution experiments

The absorbance values for ambazone and AMB-PABA in
different aqueous mediums, deionized water (pH 5.8) and
phosphate buffer (pH 7.0), at different times were detected
by a uDISS Profiler apparatus. The system consists of an
integrated diode array spectrophotometer connected to a
fiber optic UV probe located directly in the reaction vessel
and is able of measuring the concentration as a function of
time without having to filter the solution. The measurement
of dissolution kinetics and equilibrium solubility was car-
ried out at 430 nm, where PABA has no absorption and the
concentrations of AMB-PABA were calculated by means
of a standard curve. The solids of AMB starting material
and AMB-PABA were milled to powder and sieved using
standard mesh sieves to provide samples with approximate
particle size ranges of 150-200 pm. In a typical experi-
ment, 10 mL of aqueous medium was added to a flask
containing 1 mg of sample, and the resulting mixture was
stirred at 25 °C and 400 rpm.

Antibacterial activity testing

Strains and inoculum preparation: Escherichia coli
(ATCC-25922), Salmonella typhimurium (ATCC-14028),
Staphylococcus aureus (ATCC-25923) and Bacillus cereus
(ATCC-10987) bacterial species used in this study were
provided by the fermentation laboratory of University of
Agricultural Sciences and Veterinary Medicine, Cluj-
Napoca. A broth subculture was prepared by inoculating
loop full from stock culture of strains into a test tube
containing nutrient broth (NB, Merck, Germany), and
strains were incubated for 24 h at 37 °C. Incubation for
24 h allowed the bacteria to approach the stationary phase
of growth at a concentration of ca. 8 log unit CFU mL™".
The culture was then transferred to 10 mL of fresh and
incubated for 24 h at 35 °C to reach a final concentration of
8 log unit CFU mL™'. Growth conditions: the microor-
ganisms were inoculated each one into 25 mL of nutrient
broth and incubated overnight at 37 °C with continuous
agitation in an Orbital Shaker (Heidolph Unimax 1100
coupled with incubator Heidolph Unimax 1000). The agi-
tation speed was set at 200 rpm. Each of these overnight
cultures was used to inoculate 25 mL volumes of nutrient
broth (in triplicate) to a standardized optical density of

between 0.005 and 0.010 at a wavelength of 600 nm
(OD600). Growth values were obtained by measuring the
turbidity at OD600 by Nanodrop ND-1000 Spectropho-
tometer UV—Vis (Nanodrop Technologies USA) of the test
strains over a period of 48 h. After 48 h, viable counts
were determined by serial dilution of the broth into 0.1 %
peptone water and plating on to nutrient agar plates (Ox-
oid). All plates were incubated overnight in air at 37 °C for
24-48 h, and the resulting colonies were counted. In par-
allel, each ‘glass powder’ of 43.75 mg was added to
specify growth agar (Levine for E.coli and Oxford for L.
monocytogenes) with 50 pL of inoculum and incubated
overnight in air at 35 °C for 24-48 h, the resulting colonies
were counted.

Results and discussion
ApKa calculation

The pKa values for AMB are 10.69 for equilibrium
between the negatively charged and neutral forms, 7.39 for
equilibrium between the neutral and single positively
charged and 6.22 for equilibrium between the singly and
double positively charged forms [5]. In the case of PABA,
the pKas of the amino and carboxyl groups are 2.41 and
4.87, respectively [11]. The ApKa between the two neutral
forms of base and acid is 5.84. Since the value is >3,
according to the ApKa rule, it is expected to form a salt.

Powder X-ray diffraction analysis

The powder X-ray diffraction patterns of the AMB, PABA
and AMB-PABA compounds are shown in Fig. 2.

One can see that the powder diffraction pattern of AMB—
PABA solid form is different from the XRPD patterns of both
AMB and PABA. In order to evaluate whether AMB-PABA
is a single phase or a mixture of phases, we attempted to
index the X-ray powder pattern and to determine the unit cell
parameters using X-Cell method [22].

The AMB-PABA compound crystallizes in the triclinic
system with the following wunit cell parameters:
a=14294 A, b=9.162 A, ¢ =8777 A, o =95.90°,
p = 100.63°, y = 91.73°. Assuming two AMB-PABA
molecules in the unit cell, the calculated density is
p = 1.66 g cm™>, which is in agreement with the triclinic
P_.; space group. The results of the indexing procedure
indicated that AMB-PABA is a single form.

In order to characterize the crystallinity of the new com-
pound, the crystallite size was evaluated using Scherrer equa-
tion [23] (Dpg = 0.89 M (i «cosB)), where S is the FWHM
(Full Width at Half Maximum) of the diffraction peaks cor-
rected for the contributions due to the diffractometer.
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Fig. 2 Experimental powder X-ray diffraction patterns of AMB,
PABA and AMB-PABA

The following crystallite sizes were obtained: 480 A for
AMB-PABA and 1,360 A for AMB; it can be noticed that
crystallite size of the compound obtained by SDG method
is smaller.

Additionally, the amorphous content of AMB and
AMB-PABA powders was estimated by using the back-
ground subtraction method implemented in Material Studio
software (Materials Studio, release 5.5., Accelrys Software
Inc., San Diego, CA, USA, http://accelrys.com/products/
materials-studio/). This method provides a rough estima-
tion of the crystallinity and does not require reference
XRPD patterns of the pure crystalline or amorphous pha-
ses. We obtained 93 % crystallinity for AMB, and the
crystallinity of AMB-PABA decreased to 70 %, probably
due to the fact that it was obtained by the grinding method,
which is usually generating some amorphous content.

Thermal analysis

The DSC curves of AMB, PABA and of AMB-PABA are
presented in Fig. 3. For AMB, a broad endothermic peak
between 107 and 140 °C can be identified with a maximum
at 125.1 °C and heat of dehydration of —163 J g, This
peak corresponds to the loss of the bounded water mole-
cules. Another sharp exothermic peak appears between 201
and 205 °C with a maximum at 204.5 °C and 462.7 J g '
heat of process, due to the melting with decomposition of
AMB [20, 21]. The DSC curve of PABA presents a sharp
endothermic peak between 189 and 194 °C with maximum
at 191.7 °C and heat of fusion of —107 J gfl [24, 25],
corresponding to the melting process followed by the
degradation of the substance.

The DSC curve of AMB-PABA presents three thermal
events: an endothermic peak between 83 and 95 °C with
peak maximum at 89 °C and —32.4 J g~' heat of dehy-
dration corresponding to the loss of non-bounded water
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Fig. 3 DSC curves of AMB, PABA and AMB-PABA

molecules. This event is followed by a solid—solid trans-
formation at 126 °C and a broad exothermic peak between
161 and 186 °C with peak maximum at 176.8 °C and heat
of process of 300.5 J g~ !, probably due to the melting with
decomposition of the amorphous sample.

The simultaneously DTA/TG analyses for AMB were
already reported by us [19-21]. TG curve of AMB shows
first mass loss of 6.6 %, corresponding to the release of
water, in good agreement with the theoretical water content
(7 %) of the ambazone monohydrate. Other two mass
losses of 27.4 % and 8.6 % between 190 and 400 °C cor-
respond to AMB decomposition.

For AMB-PABA sample (Fig. 4), the water loss occurs
at a lower temperature than for pure AMB, in two steps
corresponding to large endothermic peaks in the DTA
curve: between 50 and 83 °C with maximum at 63.5 °C
and between 84 and 115 °C with maximum at 91.5 °C
associated with two mass losses of 5.2 and 4.2 %,
respectively.
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Fig. 4 TG/DTA curves of AMB-PABA
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A mass loss of 8.1 % occurs in the 140-193 °C tem-
perature range, which corresponds to a broad exothermic
peak with maximum at 175.7 °C, indicating the start of
degradation. The last 25.1 % mass loss is the most sig-
nificant, and occurs in the temperature range 193-350 °C,
corresponding to the elimination of volatile components
resulting from compound decomposition.

For AMB-PABA sample (Fig. 4), the first two mass
losses of 5.2 and 4.2 %, respectively, occur at a lower
temperature than for pure AMB and correspond to the large
endothermic peaks in the DTA curve: between 50 and
83 °C with maximum at 63.5 °C and between 84 and
115 °C with maximum at 91.5 °C. The first 5.2 % mass
loss in the lower temperature range is likely related to non-
bounded water molecule that is easily released from the
solid material. The 4.2 % mass loss in the higher temper-
ature range could be embedded in the crystal structure,
leading to a monohydrated salt form (theoretical mass loss
corresponding to one water molecule is 4.6 %).

Decomposition processes of AMB-PABA occur in the
temperature intervals of 140-193 and 193-350 °C with
mass losses of 8.1 and 25.1 %, respectively.

The DTA/TG data are in good agreement with the DSC
results and show a different thermal behavior of the AMB-
PABA versus AMB and PABA starting materials.

Spectroscopic analysis

Based on FT-IR analysis of a carboxylic acid and an
organic base system, the C=0 stretching frequencies are a
preliminary indication whether the complex is a co-crystal
or a salt. The stretching band of carboxylic acid, bonded to
an aromatic ring, appears at around 1,700 cm™ !, while the
carboxylate ion displays a strong asymmetrical stretching
band around 1,650-1,550 cm~! and a weaker symmetric
stretch ~ 1,400 cm~ !, The asymmetric bending vibrations
of protonated amino group NH;' are located around
1,640-1,570 cm™! [16, 17]. It is difficult to assign carbonyl
stretch and NH bend frequency reliably because they
appear close to each other.

FT-IR absorption spectra of AMB, PABA and AMB-
PABA are presented in Fig. 5a, b. In the 3,400-3,200 cm ™!
spectral range (Fig. 5a), the NH stretching vibrations of
pure AMB can be assigned to primary amines at ~ 3,399,
3,324 and ~3,231 cm™! [17-19, 26-28]. These bands
were shifted by 12-16 cm™' to ~3,387 and 3,247 cm ™',
respectively, in AMB-PABA spectrum. The band located
at ~3,147 cm™' corresponds to the secondary amine
stretching vibration of AMB [18, 28] and is shifted with
10 cm™! to 3,157 cm™! in the AMB-PABA spectrum.

In the IR spectrum of PABA, the vibrations of the N-H
bonds in the primary amino group are registered with
maxima at 3,466, 3,362 and 3,231 cm ™}, respectively [29].
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Fig. 5 FT-IR spectra of AMB, PABA and AMB-PABA in
a 4,000-2,000 cm ™', b 1,750-1,450 cm™" spectral domain

In the 1,750-1,450 cm™! spectral domain of AMB
spectrum (Fig. 5b), the band at 1,593 cm™! is assigned to
C=N asymmetric stretching vibration, the band at
1,613 cm™! is attributed to the primary amine and the
deformation region of secondary amino group is located at
1,509 cm™! [18, 28, 29]. The secondary amine vibration at
1,509 cm™' is shifted to 1,515 cm™" in the AMB-PABA
spectrum, similarly as in the AMB-HCI system [18].

The stretching vibration of the C=0O bond in the car-
boxyl group of PABA is observed at 1,665 cm™'. The
absorption bands with maxima at 1,627 and 1,602 cm ™!
belong to the deformation vibrations of the N-H bonds in
the amino group and to valence vibrations of the C=C
bonds in the benzene ring, respectively [30].

In the AMB-PABA spectrum, a new strong absorption
band appears at 1,684 cm™', which is assigned to defor-
mation vibration of the protonated amino group [31].

The band at 1,613 cm™* (NH,) of AMB and the band at
1,665 cm™!' (C=0) of PABA shifted and then merged
under a strong broad band between 1,650 and 1,550 cm”!
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which covers the N-H bending vibration of protonated
amino group of AMB and the C=0 asymmetrical stretching
band of carboxylate group of PABA, respectively. The
weaker band at 1,424 cm™' is assigned to symmetric
stretching of the carboxylate ion [16, 32]. The observed
changes in the absorption bands of the amino and carboxyl
groups can be attributed to an ionic interaction between the
carboxyl group of PABA and the amino group of AMB,
confirming the salt nature of the AMB-PABA form.

Dissolution testing results

Dissolution profiles of pure AMB and AMB-PABA salt, in
deionized water (pH 5.8) and in phosphate buffer (pH 7.0),
are shown in Fig. 6a, b. In our experiments, the solubility
value of AMB monohydrate in water was higher than that
reported by Lober and Hoffman (0.02 mg mL_l) [5].

For the AMB-PABA salt, the powder dissolution mea-
surements revealed a faster dissolution rate in deionized
water and the solubility was found to be approximately two
times larger than in the case of AMB.
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Fig. 6 Dissolution profiles for AMB and AMB-PABA in a deionized
water, b phosphate buffer
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The dissolution experiments in phosphate buffer showed
that AMB has a lower solubility than in deionized water,
but the solubility of the AMB-PABA was improved by 3.3
times compared with pure AMB.

After the dissolution experiments, the undissolved solid
was filtered and air-dried and the solid form stability of
AMB-PABA was confirmed by XRPD analyses.

Antibacterial testing

The investigated compounds AMB, PABA and AMB-
PABA were evaluated for their antibacterial activity
against two Gram-negative bacteria (E. coli and S. ty-
phimurium) and Gram-positive bacteria (S. aureus and B.
cereus). In all investigated strain cultures, all compounds
exhibit antibacterial effect as illustrated in Fig. 7 where the
comparative action is given. The Gram-positive bacteria, S.
aureus and B. cereus, are more sensitive to the interaction
with the compounds.

The optical densities of the control samples for both
strains, being pure cultures, are similar: 0.056 for the first
and 0.051 for the last one. The optical densities for the
broth impurities with compounds lie between 0.004 and
0.006 for S. aureus and between 0.004 and 0.009 for B.
cereus, respectively, and demonstrate their higher anti-
bacterial effect.

For the Gram-negative bacterial strains, the effect is
dramatically different for the starting compounds and for
the ending one. Thus, both AMB and PABA show similar
effect upon E. coli, and the optical densities for the mix-
tures are 0.061 and 0.056, respectively. Salmonella is more
sensitive to the action AMB and PABA, the optical density
being 0.035 and 0.027, respectively, much lower than for
E. coli. Both inhibit the bacterial growth when compared to
the control variant whose optical density is about 0.08.
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Fig. 7 Antibacterial effects of control, AMB, PABA and AMB-
PABA on Gram-positive and Gram-negative bacteria
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At the same time, the action of the crystallized sample
AMB-PABA is much more intense than the starting
powder ones for both Gram-negative strains, its optical
density being 0.01.

Conclusions

We have presented here the novel salt of ambazone with
p-aminobenzoic acid obtained by water-drop grinding.
Indexing of the X-ray powder diffraction pattern showed
that AMB-PABA is a single form and it crystallizes in the
P_; triclinic system. The thermal behavior described by
DSC and TG/DTA traces showed significant differences
between the thermal events and the decomposition steps of
the novel salt form and the starting compounds. The FT-IR
analysis confirmed the salt formation by changes in the
characteristic absorption bands of the amino and carboxyl
groups with the appearance of the vibrations of protonated
amino group of AMB and the carboxylate group of PABA,
respectively, attributed to an ionic interaction.

The AMB-PABA solid form was stable and showed
substantial solubility improvement compared with ambaz-
one in deionized water and phosphate buffer (pH 7.0).
Additionally, antibacterial activity of AMB-PABA to
Gram-negative bacteria was synergistically improved
compared with single AMB and PABA compounds.

The results show the potential of the AMB-PABA salt
form to be developed in an oral formulation with improved
solubility and bioavailability compared with the poorly
water-soluble ambazone. Moreover, the enhanced anti-
bacterial activity demonstrates that the pharmaceutical salt
of ambazone with p-aminobenzoic acid (AMB-PABA) can
be a possible alternative to ambazone in the treatment of
infections with Gram-negative bacteria.
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