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Abstract
Purpose To investigate the potentials of a simple solvent treatment technique for improving the physicochemical and mechanical
properties of ofloxacin.
Methods Ofloxacin was treated with 5% aqueous ammonia solution at a solid to solvent ratio of 1:3 and treatment time of 4 h in
stoppered flasks, then filtered under vacuum. Changes in ofloxacin powder characteristics were monitored using SEM, particle
size analysis, IR, DSC, XRD, hydrophilicity, equilibrium solubility, dissolution rate, flowability, and compressibility tests. The
effect of PVP K90 and Tween 80 used in two concentrations (0.2% and 2%) was investigated. Crystals of ofloxacin having
particle size < 160 μm were included whenever appropriate for comparison.
Results The treated ofloxacin showed bundles of elongated prisms with a wide particle size range (2 to 39μm). Average size was
reduced from 9.8 to 6.4 and 4.6 μm with 2% Tween 80 and PVP, respectively. Different analytical techniques confirmed that
neither structure modification nor additivemolecule incorporation in crystal lattice occurred during treatment. The treated powder
showed repose angle 39°, bulk density 0.282 g/cm3, tap density 0.319 g/cm3, Hausner ratio 1.13, Carr’s index 11.6%, compact
hardness 5–6.45 kg, porosity 13–6.38%, and elastic recovery 4.5–8.8%. The corresponding values for untreated ofloxacin were
59.5°, 0.221 g/cm3, 0.314 g/cm3, 1.42, 29.6%, 3.74–5.27 kg, 15.38–7.22%, and 4.57–8.83%, respectively. Values were further
improved by PVP addition.
Conclusions Treating ofloxacin powder with 5% aqueous ammonia solution in the presence of 2% PVP improves the dissolution,
flowability, and compressibility of the drug. The treated powder is suitable for the preparation of tablets with few excipients.
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Introduction

All pharmaceutical solids are processed using different tech-
nologies to combine active pharmaceutical ingredients with
excipients for creating a final dosage form. Processing can
be as simple as milling or complicated as particle engineering
using supercritical fluid technology [1]. Changes in solid-state

properties may have a tremendous impact on downstream
processes [2]. For instance, size modification techniques can
change not only the size but also material surface properties,
crystal form, and crystallinity that may adversely affect the
physical and chemical stability of the product.

There are growing interest and research activity in manip-
ulating the physicochemical and mechanical properties of
pharmaceutical crystals and powders to solve formulation
problems related to inadequate material properties. Methods
to modify such properties involve additive use, powder pro-
cessing, and particle engineering.

Methods based on particle engineering have emerged as
one of the areas of current research [3–5]. Crystallization has
proved useful for the development of pure materials with
modified solid-state characteristics. Such characteristics (crys-
tal form, habit, ordering, density, hydrophilicity, etc.) can vary
with the crystallization protocol applied during their isolation
and purification. Thus, by varying crystallization conditions
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(solvents, temperature, supersaturation, agitation, additives,
etc.), the characteristics of the resulting crystals can be mod-
ified. Relatively minor changes in crystallization condi-
tions can produce significant changes in crystal and
powder properties [2, 6].

In addition to solute–solvent interaction, the degree of su-
persaturation affects the crystal properties of pharmaceutical
powders especially crystal habit. As supersaturation increases,
the crystal shape tends to change from granular to needle like
[6]. Besides supersaturation, the crystal habit may be affected
by many factors, including stirring rate, crystallizing solvent
nature, and cooling rate [6]. The stirring rate during a crystal-
lization procedure can have a profound effect on the crystal
product, particularly on the crystal size distribution.
Increasing the stirring rate increases the rate of crystal growth
because of enhanced secondary nucleation. However, at a
high stirring rate, the overall crystal size is reduced [7].
Crystal habit is modified by stirring owing to the alteration
of saturation level at the nuclei–solvent interface leading to
elongated crystals [6].

Another factor affecting the crystal properties of drug pow-
ders is the presence of a small amount of a low molecular
weight inorganic/organic substance, a surfactant, or a long-
chain polymer/co-polymer in the crystallizing solvent [8, 9].
The previously mentioned additives have the potential to ad-
sorb onto growing nuclei surfaces causing profound alter-
ations in the shape and size of the crystal yield by influencing
primary nucleation [6, 7]. It was reported that crystals obtain-
ed in the presence of surfactants are often small in size, not
subjected to agglomeration or sticking, and re-disperse more
easily [9].

In this work, a simple solvent-treatment technique
based on solid–solvent interfacial interactions to im-
prove the physicomechanical properties of pharmaceuti-
cal solids with pre-defined poor powder characteristics
was investigated. The technique could be regarded as a
crystallization process under controlled conditions of
high supersaturation, slow evaporation, and stirring.
Promising results have been obtained using this tech-
nique with two drug substances, sulfadiazine [10] and
methyldopa [11]. These drugs are known to present
physicomechanical problems in tablet manufacturing.

Ofloxacin is a synthetic broad-spectrum fluoroquinolone
antibiotic that exhibits low aqueous solubility, marked cohe-
siveness, poor flowability, and high tendency to stick to
punches producing mechanically unstable compacts.
Attempts to ameliorate the poor physicochemical and me-
chanical properties of ofloxacin powder are scarce.
Accordingly, this study focused on the suitability of the pre-
viously mentioned technique to manipulate ofloxacin solubil-
ity, dissolution rate, flowability, and compressibility. Also, the
effect of the inclusion of a surfactant or hydrocolloid in the
treating solvent was explored.

Materials and Methods

Materials

Ofloxacin powder (courtesy of Glaxo Pharmaceuticals,
Cairo, Egypt), ammonia solution (33%), Tween 80, gla-
cial acetic acid, sodium hydroxide pellets (ADWIC, El-
Nasr Pharmaceutical Chemicals company, Abo-Zaabal,
Cairo, Egypt), dimethyldichlorosilane (Merck pharma-
ceutical company, Darmstadt, Germany), polyvinylpyr-
rolidone (PVP K90) (kindly supplied by CID pharma-
ceuticals, Giza, Egypt).

Preparation of Solvent-Treated Ofloxacin
and Ofloxacin Crystals

Ofloxacin Treated with 5% Aqueous Ammonia Solution

Ofloxacin powder was suspended in aqueous ammonia solu-
tion (5% v/v) at a ratio of 1:3. The slurry was stirred mechan-
ically in stoppered conical flasks for 4 h using a magnetic
stirrer at room temperature. The ammonia-treated, undis-
solved powder was filtered under vacuum, left to dry in a
desiccator, and allowed to stand away from light at room tem-
perature. Powder fraction of particle size < 160 μm was ob-
tained using a sieve shaker fitted with USP standard sieves.

Ofloxacin Treated with 5% Ammonia Solution in the Presence
of Additives

Ofloxacin was treated with 5% ammonia solution containing
PVP (0.2% and 2% w/v) and Tween 80 (0.2% and 2% v/v)
following the previously described procedure. The drug to
solvent ratio was 1:3 and the treatment time was 4 h.

Ofloxacin Crystals from 5% Ammonia Solution

Saturated solutions of ofloxacin in 5% aqueous ammonia were
prepared. The solutions were stored in a dark place, and the
dissolved ofloxacin was allowed to crystallize out. Solutions
were then filtered to obtain the crystals that were dried at room
temperature. Fractions of particle size < 160 μm were
obtained.

Physicomechanical Characterization of Ofloxacin
Prepared Samples

Scanning Electron Microscopy (SEM)

The morphological characteristics of the ofloxacin samples
were examined with a scanning electron microscope (Jeol
JXA-840A, Japan). The powder samples of untreated
ofloxacin and ofloxacin treated with dilute ammonia in the
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absence and presence of additives were sputter-coated with
gold prior to the analysis.

Particle Size

The particle size of untreated ofloxacin and ofloxacin treated
with dilute ammonia in the absence and presence of additives
was determined using an optical microscope (Leica Galen III,
Japan) fixed with a digital color camera (Samsung model SDC
– 312, Japan), which captured the images. A small amount of
each powder was suspended in liquid paraffin. The suspension
was then placed on a glass slide and covered with a glass
coverslip. The suspension was allowed to settle evenly between
the two glass surfaces before imaging. The microscopic field
was scanned by the digital camera and the image of the scanned
field was analyzed using Image-J (version 1.30v, Scion
Corporation, MD, USA). The size of each particle was mea-
sured as themaximum ferret diameter.Measurements of at least
450 particles were obtained for each type of powder, and then
the mean and range of projected diameters were determined.

Infrared Spectroscopy (IR)

IR spectra of ofloxacin treated with dilute ammonia in the
absence and presence of additives as well as the untreated
material were obtained using a Shimadzu spectrophotometer
model IR-435 (Shimadzu, Kyoto, Japan). Spectrum was re-
corded in the wavelength region of 500 to 4000 cm−1. The
procedure consisted of mixing powder samples (2–3 mg) with
about 400 mg of dry potassium bromide and compressing into
discs under pressure of 10,000 to 15,000 psi using a hydraulic
press (International Crystal Laboratories, Garfield, USA). The
pellet was then placed in the light path and the spectrum was
obtained.

Powder X-Ray Diffractometry (PXRD)

Powder X-ray diffraction patterns of untreated ofloxacin and
ammonia-treated powders in the absence and presence of ad-
ditives were acquired with a computer-controlled, X-ray dif-
fractometer equipped with XPEX analysis software (Diano
Corporation, USA) having a measuring range (2θ) from −
20° to +150°. The measuring range reproducibility was ±
0.01°, and the measuring circle diameter was 401 mm.
Detection was achieved using a scintillation counter with less
than 10–6 s dead time. Fe filtered co-radiation of wavelength
1.784 A° was used. The X-ray tube was energized at 45 KV
and 10 mA.

Thermal Analysis

Differential scanning calorimetric (DSC) scans of untreated
ofloxacin and ofloxacin treated with dilute ammonia in the

absence and presence of additives were obtained using a
Shimadzu DSC-50 differential scanning calorimeter equipped
with a TA-50 WSI analysis program (Shimadzu, Kyoto,
Japan). Samples (1.5–3 mg) were heated at a rate of
10 °C/min from 30 to 200 °C in hermetically sealed aluminum
pans under a nitrogen purge of 30 mL/min.

Hydrophilicity Testing

The hydrophilicity of different ofloxacin samples was
assessed as described by Lefbevre et al. [12]. A specially
designed glass tube with 14 cm length and 0.5 cm uniform
internal diameter was coated on the inner surface with
dimethyldichlorosilane to render the surface hydrophobic. A
rubber stopper was inserted into the bottom end of the
tube up to a given mark. Enough powder was packed to
occupy 10 cm when it is tightly compressed into the
tube by a plastic piston provided with a rubber tip. A
saturated solution of the drug was allowed to reach the
bottom of the powder bed using a filter paper. The time
needed for the capillary rise of the ofloxacin solution
was recorded. This rise was made evident by methylene
blue crystals on the surface. The average of three mea-
surements was determined.

Equilibrium Solubility

The equilibrium solubility of untreated and ammonia-treated
ofloxacin was determined in water. Excess solid was added to
25-mL screw-capped tubes containing 15 mL distilled water.
The tubes were shaken in a thermostatically controlled shak-
ing water bath (Memmert, Italy) kept at 35 ± 0.2 °C. After
equilibrium was reached, aliquots withdrawn at time intervals
were filtered using syringe filters of 0.45 μm pore size and
after appropriate dilution, the concentration of the filtrate was
determined using UV spectrophotometry (model V-530,
Jasco, Japan) at λmax 288 nm. The results are the mean of
three determinations.

Dissolution Studies

Dissolution studies were conducted using a USP 25 dissolu-
tion test apparatus (Model SR8 plus, Hanson Research
Corporation, Chatsworth, CA, USA). The dissolutionmedium
was 750 mL of acetate buffer pH 4 kept at 37 ± 1 °C. The
powder sample (400 mg) was filled into an empty tea bag
previously tested for any leaching in the medium, then tied
firmly to the rotating shaft that was rotated at 50 rpm. Samples
(5 mL) were removed at 5, 10, 20, 30, and 45 min and com-
pensated with an equal volume of the dissolution medium.
The amount of ofloxacin dissolved was determined spectro-
photometrically (model V-530, Jasco, Japan) at 293 nm.
Experiments were run in triplicate.
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The effect of ammonia treatment on the dissolution mech-
anism of ofloxacin was determined. Zero-order, first-order,
and Higuchi diffusion models were fitted to the collected dis-
solution data using linear regression. The regression coeffi-
cient (r) was established in each case.

Flow Properties

The flow properties of untreated ofloxacin powder and
ammonia-treated powder in the absence and presence of ad-
ditives, as well as ofloxacin crystals, were investigated using
different parameters. The repose angle was measured by the
fixed funnel and freestanding cone procedure [13]. A powder
sample was poured slowly into a funnel fixed on a stand with
its end at a height of 3 cm from a flat surface. The circumfer-
ence of the formed pile base was drawn and the average of 4
diameters was calculated. The angle of repose was then deter-
mined by the following equation:

angle ¼ tan−1
height

radius
Þ

�

A weighed powder sample was poured carefully into a
25-mL measuring cylinder through a funnel. The cylinder
was dropped into a wooden surface 3 times from a height of
1 in. at 2-s intervals, and the bulk volume occupied by the
powder was measured. Then, the cylinder was tapped until no
change in powder volume occurred and the tapped volume
was recorded. The aerated bulk density and tapped density
were calculated as the ratio of powder weight to bulk and
tapped volumes, respectively. Hausner ratio [14] and Carr’s
index [15] were calculated according to the following equa-
tions:

Hausner ratio ¼ tapped density

bulk density

Carr
0
sindex ¼ tapped density−bulk density

tapped density
� 100

Compression Properties

A hydraulic press (International Crystal Laboratories,
Garfield, USA) fitted with 8-mm flat-faced punches was used
to prepare ofloxacin powder compacts (200 mg) at increasing
pressures (3000, 5000, and 7000 psi). The die-and-punch sur-
faces were lubricated with acetone containing magnesium
stearate (2% w/v) prior to compression. Compression load
was maintained over powder for a period of 15 s before ejec-
tion. Prepared compacts were kept at room temperature in a
desiccator for 1 day before evaluation to allow for recovery.

After the preparation of the compacts, the dimensions of
the intact compacts were measured using a 0.01-mm-accurate

Vernier caliper. Compact porosity was derived from the thick-
ness and diameter according to this equation [16]:

%Porosity ¼ 1−
V0

V c

� �
� 100

where Vc is the volume of the resulting compact and Vo is the
compact volume at zero porosity (when the powder would not
compress any more).

The crushing strength of the prepared compacts was mea-
sured with a tablet hardness tester.

To determine the powder immediate elastic recovery, the
equation by Armstrong and Haines–Nutt [17] was used:

%immediate apparent elastic recovery ¼ t2−t1
t1

� 100

where t1 is the thickness of compacted powder when punch
displacement was at maximum and t2 is the thickness after
press release before ejection. The mean and standard deviation
of three measurements were determined.

Results and Discussion

Selection of Treatment Conditions

In the selection of treatment conditions suitable for ofloxacin,
the following assumptions were taken into consideration:
surface–solvent treatment is a crystallization process under
controlled conditions of high supersaturation, slow evapora-
tion, and stirring; solubility of the drug in the treating
solvent is a determinant factor for the level of crystal
habit and size modification that could be expected; the
amount of the treating solvent can be adjusted condi-
tioned that the supersaturation state is maintained and
the crystal yield is practically acceptable; crystal growth
process is independent of treatment period, but enough
time should be allowed for the transition to occur (gen-
erally not less than 4 h); and treatment conditions must
be adjusted to dissolve at least 20 to 25% of the solid
to allow for an obvious crystal growth.

Ofloxacin is insoluble in most organic solvents. However,
it is soluble in aqueous solutions with pH between 2 and 5,
and freely soluble in aqueous solutions with pH above 9. Five
percent aqueous ammonia solution has a pH value of 11, so it
is a good solvent for ofloxacin. Furthermore, ammonia is vol-
atile at room temperature, so it allows crystal deposition.

In a preliminary study (unpublished data), ofloxacin treated
with 5% ammonia solution in a ratio of 1:3 produced a detect-
able increase in crystal size (as observed by the optical mi-
croscopy). This ratio caused the dissolution of about 25% of
the solid and achieved crystal yield value of about 76%.
Lower ratios did not affect the size of ofloxacin crystals
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efficiently, and higher ratios significantly increased the
amount of wasted solid.

Accordingly, it was assumed that the dilute ammonia solu-
tion is the optimum solvent system, and the solid-to-solvent
ratio of 1:3 is the optimum ratio for the treatment of ofloxacin.

Physicomechanical Characterization of Ofloxacin
Prepared Samples

Particle Shape and Size

Figure 1a and bshow the scanning electron micrographs of
untreated and ammonia-treated ofloxacin particles. It is clear
from the figures that ofloxacin particles have different mor-
phological properties. Table 1 shows the clear difference in the
size of the treated particles in comparison with untreated par-
ticles. According to SEM, the treated sample encompasses
elongated prisms in bundles (size ranging from 2 to 39 μm),
whereas the untreated sample encompasses small isodiametric
primary particles with variable shapes (size ranging from 1 to
12 μm). In other words, the treated crystal form exhibits re-
petitive packing resulting in uniform crystal shapes, whereas
random molecular arrangement is predominant in the untreat-
ed forms generating less reproducible crystal shapes. This

behavior suggests that the untreated particles underwent a
crystal growth process that caused the evolution of a different
crystal form with a higher level of molecular ordering.

Although only trace amounts of additives are expected to
reside in the solvent-treated material after solvent removal, the
presence of the additives in the medium could change the
morphology of ofloxacin crystals. SEMs (Fig. 1c, d) illustrat-
ed changes at the particulate level. The presence of 2% of
either Tween 80 or PVP in ammonia generally suppressed
crystal growth without affecting particle shape. In the pres-
ence of 2% v/v Tween 80, the average particle size was re-
duced from 9.8 to 6.4 μm (Table 1). This can be attributed to
the adsorption of the surfactant on the crystal surfaces. The
adsorption process hinders further incorporation of ofloxacin
molecules into the crystal lattice [7, 9]. In the presence of 2%
w/v PVP, the powder is composed of small rod-like crystals
(averaging 4.6 μm, Table 1), which are loosely packed into
large fluffy aggregates (Fig. 1d) that are responsible for the
bulk properties of the solid. The inhibiting effect of the poly-
mer results from potential ofloxacin–PVP interactions at the
molecular level. These interactions take place in the bulk of
the solution and at the solid–liquid interface. These interac-
tions are believed to retard the nucleation rate and inhibit the
crystal growth. Inhibition of the crystal growth by PVP in

Fig. 1 SEM of untreated (a), ammonia (b), ammonia/2% Tween 80 (c), and ammonia/2% PVP (d) treated ofloxacin powder at magnification power
6000
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pharmaceutical formulations involving insoluble solids has
been known for many years [18]. The aggregating effect of
PVP is attributed to the adhesion of a thin film of the polymer
around substrate particles facilitating bonding at all points of
contact between the particles resulting in aggregation or gran-
ulation [19]. The previous findings suggest that Tween 80 acts
predominantly as a crystal growth inhibitor, whereas PVP acts
as a growth inhibitor and agglomerating agent for ofloxacin.

IR Spectroscopy

Figure 2 shows that the IR spectra of untreated and ammonia-
treated ofloxacin in the absence and presence of additives did
not show any differences at 3250–500 cm−1 (the fingerprint
region).Moreover, the strong distinguishing absorption peaks,
as defined by Clark’s [20], at 3424, 1716, 1522, 1464, and
1045 cm−1 that correspond to the carboxylic acid group (O–H
and C=O stretch), the aromatic quinoline ring (C=O and C–N
stretch), and the lactone ring ethereal bridge (C–O stretch),
respectively, were present in the spectra of untreated and treat-
ed samples (Fig. 2). The only difference that can be observed
is in the intensity of the vibration band corresponding to the
carboxylic OH group at 3423.6 cm−1. This peak appears broad

in the spectrum of the untreated ofloxacin, which can be at-
tributed to the intra-molecular bonding between C8 carboxylic
acid hydroxyl group and C7 pyrrolidone ketonic group. This
band becomes more prominent upon treatment with dilute
ammonia, especially in the presence of PVP or Tween 80,
which can be attributed to the interactions occurring between
the drug hydroxyl group and the solvent basic nitrogen or the
additives oxy groups. These interactions may reduce the se-
verity of the intra-molecular association of the target hydroxyl
group, and hence increases the intensity of its band. However,
the preserving of the peak of the carboxylic acid OH group
indicates that the ofloxacin–ammonia interactions in the sys-
tem under study cannot be categorized as chemical conjuga-
tion. This is due to the use of extremely dilute ammonia or the
strong shielding of the hydroxyl group by intra-molecular as-
sociation. Therefore, ofloxacin–ammonia interaction could be
ascribed as a physical one.

X-Ray Diffraction

The powder X-ray diffractograms of untreated and ammonia-
treated ofloxacin samples are presented in Fig. 3. The internal
structure responsible for the polymorphic form of ofloxacin

Fig. 2 IR spectra of different
ofloxacin forms: (A) untreated;
(B) treated/ammonia; (C) treated/
ammonia/2% Tween 80; (D)
treated/ammonia/2% PVP. The
vertical dashed line refers to the
carboxylic acid hydroxyl group
stretching bands, showing
different appearances in the
different samples

Table 1 Particle size and particle
size range of different ofloxacin
forms

Samples Ferret diameter (μm)

(mean ± SD)

Particle size range

Untreated 3 ± 1.5 1–12

Treated/ammonia 9.8 ± 5.7 2–39

Treated/ammonia/PVP (2% w/v) 4.6 ± 2.6 1.2–18

Treated/ammonia/Tween 80 (2% v/v) 6.4 ± 3.4 1.5–22

SD standard deviation
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was not modified by solvent treatment. This can be proved by
identical peak positions, equal distances between planes, and
similar peak relative intensities (Fig. 3). This tends to indicate
that crystallinity changes as a result of solvent treatment are
too limited to be detected. PXRD analysis may not be suitable
to identify slight crystalline modifications, particularly those
occurring at the surface of the particle [2].

Inclusion of 2% of either PVP or Tween 80 during treat-
ment also resulted in similar PXRD patterns (Fig. 3).
However, the patterns obtained in the presence of the additives
showed lower peak relative intensities compared with the pat-
terns of the untreated and ammonia-treated ofloxacin in the
absence of the additives. This is probably because of the effect
of the additives on both crystal perfection and crystal size.
These factors were reported to affect PXRD peaks relative
intensities [2, 18].

Thermal Analysis

The treatment of ofloxacin with dilute ammonia in the absence
of additives slightly increased the melting point and the en-
thalpy of fusion of the drug (Table 2), which might be attrib-
uted to higher crystal perfection or greater crystal size. The
addition of PVP or Tween 80 during treatment of ofloxacin, as
expected, significantly lowered its melting point and fusion
enthalpy (Table 2), which is attributed to the strong interac-
tions between the drug and the adsorbed additives on the

molecular level or because of increased crystal disruptions in
the presence of additives. Similar observations were made for
paracetamol crystallized in the presence of PVP [18].

Hydrophilicity Testing

The treatment of ofloxacin with ammonia resulted in pro-
nounced improvement in hydrophilicity. The time for the cap-
illary rise of water decreased from 1.45 h in the case of un-
treated powder to only 40 min for the treated powder. Powder
wettability is a surface property related to molecular structure
and influenced only by the proportions of chemical groupings
present at the crystal surface [21]. Increased wettability of the
hydrophobic ofloxacin powder by ammonia treatment implies
that the interactions at the solid–liquid interface have oriented
ofloxacin molecules. This orientation resulted in the creation
of a more hydrophilic surface. However, hydrophilicity im-
provement because of ammonia treatment was less pro-
nounced compared with crystallization, where the time for
the capillary rise of water was 40 and 26 min, respectively.
This result could be attributed to shorter contact time between
drug and solvent in the case of treatment.

Inclusion of additives (0.2% and 2% of PVP or Tween 80)
during the treatment of ofloxacin with ammonia further in-
creased hydrophilicity. The time for the capillary rise of water
decreased from 40 min in the absence of additives to 30–
16 min for samples treated in the presence of additives.
Adsorption of such hydrophilic additives at the particle sur-
face may account for the results obtained. The use of surfac-
tants and hydrophilic polymers for surface hydrophilization is
an approach used to increases the wettability and dissolution
rate of hydrophobic drug powders [22].

Equilibrium Solubility

The equilibrium solubility of both untreated and ammonia-
treated ofloxacin powder in distilled water at 35 °C was
3.05 mg/mL and 3.44 mg/mL, respectively. The solubility of
ofloxacin did not change considerably by the solvent treatment
technique indicating the lack of major crystalline changes.

Dissolution Rate Studies

The dissolution profiles of untreated ofloxacin and ammonia-
treated ofloxacin, as well as ofloxacin crystals in acetate buffer

Fig. 3 X-ray diffractograms of different ofloxacin forms: (A) untreated;
(B) treated/ammonia; (C) treated/ammonia/2% Tween 80; (D) treated/
ammonia/2% PVP

Table 2 Differential scanning
calorimetric (DSC) parameters of
different ofloxacin forms

Samples Peak temperature of melting (°C) Enthalpy of fusion (J/g)

Untreated 276.30 92.68

Treated/ammonia 276.76 97.08

Treated/ammonia/Tween 80 (2% v/v) 274.11 71.91

Treated/ammonia/PVP (2% w/v) 275.43 54.92
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(pH 4), are graphically represented in Fig. 4 (upper panel).
Table 3 lists the dissolution parameters. Untreated ofloxacin
showed fast dissolution with almost 100% dissolution attained
in 20 min. In the view of the large difference in the particle
size range between untreated ofloxacin (1–12 μm) and
ammonia-treated ofloxacin samples (2–39 μm) used in disso-
lution testing, the slight reduction in dissolution rate by the
treatment could be justified. However, treatment with ammo-
nia did not affect the total amount of ofloxacin dissolved,

being near 100% after 20 min. It seems that the smaller parti-
cle size of the untreated powder acts as a catalyst for the
dissolution process, fastening the entry of drug molecules into
the bulk of the solution without affecting the total amount
entering after equilibrium has been reached. Ofloxacin crys-
tals exhibited a significantly lower dissolution rate and slightly
lower dissolution extent compared with the untreated
ofloxacin. This behavior is expected because of the perfect
structure and higher thermodynamic stability of the crystals.

Figure 4 (lower panel) and Table 3 show the effect of the
inclusion of additives during solvent treatment on the dissolu-
tion rate of ammonia-treated ofloxacin. Ammonia/PVP (2%
w/v)-treated crystals showed a slightly faster dissolution rate
relative to the untreated ofloxacin. PVP holds powder parti-
cles in aggregates because of its powerful binding properties.
The aggregation process reduces the surface area exposed to
the dissolutionmedium causing decreased dissolution rate. On
the other hand, treatment in the presence of Tween 80 (2%
v/v) dramatically increased the dissolution rate. These results
were consistent with the large increase in hydrophilicity con-
ferred by the additives as described above. Increasing wetta-
bility leads to faster dissolution [23].

Substituting the dissolution data of the untreated and
solvent-treated ofloxacin in zero-order, first-order, and
Higuchi diffusion equations revealed that the dissolution
mechanism was first-order. This mechanism was not altered
by ammonia treatment in the absence or presence of additives.

Flow Properties

The untreated ofloxacin showed poor values for various
flowability parameters (angle of repose 60°, bulk density
0.221, tap density 0.314, Hausner ratio 1.42, and Carr’s index
30%, Table 4). The poor flowability of the untreated ofloxacin
powder can be attributed to the high inter-particulate cohesion
between fine ofloxacin particles and particle aggregation.
Results shown in Table 4 indicate that the ammonia treatment
of ofloxacin produced material with markedly improved flow

Table 3 Dissolution parameters
of different ofloxacin forms Samples Initial dissolution rate

(K)*
Dissolution extent
(Q45min)**

Dissolution efficiency
(D.E.)¥

Untreated 4.54 99.7 85.6

Treated/ammonia 4.53 99.7 84.8

Recrystallized 4.34 98.8 81.6

Treated/ammonia/PVP
(2% w/v)

4.58 99.7 86.3

Treated/ammonia/Tween
80 (2% v/v)

4.64 99.7 87.7

*The regression slope calculated from the dissolution time profile within the first 0–20 min

**The percentage amount of drug dissolved after 45 min
¥ The area under the dissolution curve up to 45min expressed as a percentage of the area of the rectangle described
by 100% dissolution in the same time

0

20

40

60

80

100

120

0 10 20 30 40 50

devlossi
D

%

Time (minutes)

Untreated

Ammonia-treated

Recrystallised

0

20

40

60

80

100

120

0 10 20 30 40 50

devlossi
D

%

Time (minutes)

Untreated

Ammonia

Ammonia / PVP (2%w/v)

Ammonia / Tween80
(2%v/v)

Fig. 4 Dissolution profiles of various ofloxacin forms

177J Pharm Innov  (2021) 16:170–180



properties (repose angle 39°, bulk density 0.282, tap density
0.319, Hausner ratio 1.13, and Carr’s index 11.6%). Such
improvement can be attributed to changes in particulate prop-
erties. The ammonia-treated samples had larger particle size
range (2–39 μm) relative to the untreated samples (1–12 μm).
The increase in particle size upon solvent treatment is a
major contributing factor to the improved flowability.
Other factors such as increased shape regularity may
play a secondary role. However, particle size and parti-
cle shape are of special significance in affecting powder
flow properties [24, 25]. It is worth noting that the
flowability improvement because of ammonia treatment
was similar to that achieved by crystallization (Table 4),
a conventional method used to increase flowability.

Table 4 shows the effect of additives on the flow properties
of ammonia-treated ofloxacin. The inclusion of Tween 80 in
dilute ammonia slightly reduced the flowability of the treated
powder. Because the inclusion of Tween 80 generally sup-
presses the crystal growth induced by solvent treatment with-
out affecting particle shape, the negative effect of the surfac-
tant on flowability could be referred to reduced particle size.
Unlike Tween 80, PVP enhanced the flowability of the treated
powder. The maximum improvement in ofloxacin flowability
was attained when PVP was used at the higher concentration
(2% w/v). Such improvement is attributed to the binding or

aggregating effect of the polymer on the bulk properties of the
powder.

Compression Properties

At all compaction pressures, the compacts of untreated and
ammonia-treated ofloxacin powder had low crushing strength
(Table 5). However, the crushing strength was higher in the
case of the treated powder. Ammonia treatment produces
elongated, prismatic crystals as previously mentioned.

The tensile strength of a compact is influenced by initial
particle size. Smaller particles provide a larger total area for
bonding during compression. The increased bonding area pro-
duces strong tablets. From this perspective, compacts pro-
duced from the untreated powder should possess higher
strength. However, the dependence of binding strength on
the initial particle size is negligible if the compressed material
is undergoing extensive fragmentation [26]. Also, it has been
claimed that the binding strength is dependent on the nature of
the starting material. For instance, materials experiencing
plastic deformability tend to produce stronger tablets than
elastically deforming or fragmenting materials [26].

To explore reasons behind the increased strength of
ammonia-treated powder compacts and to elucidate the effect
of additives as Tween 80 and PVP on the strength of such

Table 5 The effect of compression pressure (psi) on the hardness, porosity, and elastic recovery of compacts obtained with various ofloxacin forms

Samples Hardness (kg) (mean ± SD) Porosity (%) (mean ± SD) Elastic recovery (%) (mean ± SD)

3000 5000 7000 3000 5000 7000 3000 5000 7000

Untreated 3.74 ± 0.9 4.50 ± 1.3 5.27 ± 1.2 15.38 ± 1.4 11.9 ± 1.1 7.22 ± 1.5 4.57 ± 0.6 6.43 ± 0.7 8.83 ± 0.7

Treated/ammonia 5.05 ± 0.9 5.64 ± 1.4 6.45 ± 1.1 13.34 ± 0.8 9.22 ± 0.9 6.38 ± 0.9 4.48 ± 0.7 6.4 ± 0.7 8.77 ± 0.9

Treated/ammonia/Tween
80 (0.2% v/v)

5.05 ± 1.4 5.86 ± 0.5 6.36 ± 1.1 13.68 ± 1.2 8.82 ± 2 6.86 ± 1.5 4.6 ± 0.6 6.1 ± 0.3 8.8 ± 0.5

Treated/ammonia/Tween
80 (2% v/v)

5.27 ± 1.4 5.68 ± 1.6 6.64 ± 1.6 13.28 ± 1.4 8.74 ± 1.4 6.8 ± 1.1 4.54 ± 0.5 6.5 ± 0.9 8.89 ± 0.4

Treated/ammonia/PVP
(0.2% w/v)

6.09 ± 1.1 7.23 ± 0.9 8.82 ± 1.2 12.96 ± 1.1 8.88 ± 0.8 6.78 ± 0.7 3.72 ± 0.7 4.69 ± 0.4 6.82 ± 0.5

Treated/ammonia/PVP
(2% w/v)

20.64 ± 1.6 21.68 ± 1.3 24.55 ± 1.3 12.82 ± 0.8 8.62 ± 1.7 6.56 ± 1.6 1.98 ± 0.3 2.24 ± 0.5 3.28 ± 0.4

SD standard deviation

Table 4 Flow properties of different ofloxacin forms

Samples Repose angle (°) Bulk density (g/cm3) Tapped density (g/cm3) Hausner ratio Carr’s index (%)

Untreated 59.5 0.221 0.314 1.42 29.6

Treated/ammonia 39.3 0.282 0.319 1.13 11.6

Recrystallized 39.0 0.293 0.335 1.14 12.5

Treated/ammonia/PVP (0.2% w/v) 38.6 0.278 0.321 1.15 13.4

Treated/ammonia/PVP (2% w/v) 38.2 0.282 0.319 1.13 11.6

Treated/ammonia/Tween 80 (0.2% v/v) 39.6 0.276 0.314 1.14 12.1

Treated/ammonia/Tween 80 (2% v/v) 39.9 0.274 0.324 1.18 15.4
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compacts, compact porosity and elastic recovery were deter-
mined at various pressures and depicted in Table 5. Porsosity
is an indicator of volume reduction characteristics, whereas
elastic recovery measures the strength of inter-particle bond-
ing in a powder under stress.

Lower porosities were observed for the larger treated crys-
tals compared with the small untreated ones at any applied
pressure (Table 5) suggesting higher densification for the
treated crystals. This behavior may be attributed to the frag-
mentation of large prismatic crystals under compression into
smaller particles capable of filling inter-particle voids, thus
promoting densification and reducing porosity [27]. On
the other isle, the small particles of the untreated mate-
rial experience extensive inter-particle friction and cohe-
sion. Cohesion forces restrict the sliding of the particles
and hinder densification [24].

The results of elastic recovery (Table 5) suggest that the
inter-particulate bond strength of both ofloxacin forms was
similar. Consequently, the higher crushing strength of the
treated ofloxacin crystals is attributed to the higher compress-
ibility of the crystals (i.e., lower porosity or better volume
reduction properties) rather than to a change in the nature of
the inter-particulate bonds.

The powder treated with ammonia containing Tween 80
produced compacts having hardness, porosity and elastic re-
covery values similar to those obtained in the absence of the
surfactant (Table 5). These results suggest identical compres-
sion properties, which may be attributed to close mean particle
sizes.

Table 5 shows a major improvement in the compression
properties of ofloxacin particles treated with ammonia con-
taining PVP. Ofloxacin particles obtained in the presence of
2% w/v PVP exhibited better compression properties than
samples obtained in the presence of 0.2% w/v PVP. Treating
with a solvent containing PVP did not alter the volume reduc-
tion properties of the powder (i.e., did not affect the compact
porosity values). Yet, this treatment increased the strength of
inter-particle bonding as evident by the lower compact elastic
recovery values (Table 5). The distribution of the binder with-
in the ofloxacin powder bed strengthened the bonds between
ofloxacin particles under compression. Therefore, the binder
was able to produce tablets with reasonable crushing strength.
Moreover, the creation of clean and fresh surfaces upon frag-
mentation of loose aggregates (formed by the binder) further
promotes bond formation.

Conclusion

The solvent treatment of ofloxacin with dilute ammonia solu-
tion produces elongated prisms with highly ordered molecular
packing and few crystal defects, particle size enlargement, and
increased hydrophilicity and aqueous solubility. The

treatment-induced alterations are not due to the formation of
a hydrate or polymorph. The inclusion of PVP in the treating
solvent causes the agglomeration of rod-shapedmicrocrystals.
The inclusion of Tween 80 suppresses crystal growth without
affecting particle shape. The effect of additives on crystal
morphology or crystal size is not due to incorporation in the
crystal lattice, but it is due to interactions between the addi-
tives and ofloxacin on the surface. The additives increase the
dissolution rate of treated ofloxacin, owing to the significant
increase in surface hydrophilicity. The ameliorated physico-
chemical properties of treated ofloxacin cause favorable mod-
ifications in its mechanical properties. The ammonia-treated
powder exhibits marked improvement in flowability and com-
pressibility comparedwith the untreated ofloxacin. Such prop-
erties were further improved by PVP addition. Treatment with
plain solvent enhances tableting ability by improving volume
reduction properties, whereas PVP increases inter-particulate
bonding strength without influencing volume reduction prop-
erties. Treating ofloxacin powder with 5% aqueous ammonia
solution in the presence of 2% PVP improves the dissolution,
flowability, and compressibility of the drug. The treated pow-
der is suitable for the preparation of tablets with few
excipients.
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