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he quality of a solid pharmaceutical preparation is in-

fluenced by primary micromeritic characteristics such

as the shape and size of drug crystals, especially when

large amounts of poorly soluble drugs are formulated.
To improve the dissolution rate of poorly soluble drugs, fine
crystals are preferred over large crystals because they provide a
greater surface area. However, micronization can change drug-
powder properties such as wettability, compressibility, packa-
bility, and flow and thus prevent efficient powder packaging.
For that reason, it is more beneficial to transform the micro-
crystalline drug itself into an agglomerated form using a crys-
tallization process. The resulting spherically agglomerated crys-
tals then can be prepared in tablet form or compounded directly
into a pharmaceutical system without further processing such
as granulation. This approach also eliminates steps in the tablet-
ing process by making it possible to use direct tableting. Direct
tableting, in which powders are simply mixed and compressed,
generally is preferred because it saves time and reduces cost in
comparison with the granulation technique.

Flowability is an important characteristic for materials to be
compressed as tablets. Spheres are the ideal physical shape for
this purpose because they reduce the amount of contact with
the walls of the machine parts. The spherical crystallization
technique also involves the use of a bridging liquid that im-
proves compressibility by acting as granulating fluid. Thus spher-
ical crystallization is a method that helps achieve good flowa-
bility and compressibility.

Spherical crystallization can be achieved by various methods
such as simple spherical crystallization, emulsion solvent dif-
fusion, ammonia diffusion, and neutralization (1,2). In this
study the ammonia diffusion method was used, in which ace-
tone, used as a solvent, enters a droplet of ammonia water and
ammonia is liberated from the acetone—ammonia water—
chloroform system (3). The three stages of the crystallization
process are shown in Figure 1. First, the drug dissolved in am-
monia water is precipitated while the droplets collect the crys-
tals (Figure 1a). Simultaneously, ammonia in the agglomerate
diffuses to the outer organic solvent (Figure 1b). Its ability to
act as a bridging liquid weakens and subsequently spherical ag-
glomerates are formed (Figure 1c). The drug mefenamic acid
(MA) was selected for this study because it is poorly com-
pressible, requires a high dose, and is poorly soluble in water.
The aim of this study was to prepare spherical crystals of MA
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Figure 1: Spherical crystallization mechanism using the ammonia
diffusion method.

to obtain a directly compressible material for the preparation
of tablets with improved bioavailability.

Materials and methods
The drug mefenamic acid was a gift from Blue Cross Labora-
tories (Goa, India). Its purity was confirmed by testing its melt-
ing point and by examining it using the IR spectrum. All the
solvents were of pure laboratory grade and were purchased from
CDH (Mumbai, India).

Preparation of the spherical crystals. In this study the ammo-
nia diffusion method reported by Kawashima et al. was used
for the spherical crystallization of MA (3). The drug was dis-
solved in a strong ammonia solution (25%) and mixed with
10 mL of acetone. Then chloroform was added with continu-
ous stirring using a three-blade agitator in a cylindrical vessel.
The agglomerated crystals were collected by filtration and
washed with chloroform. Afterward, the crystals were dried at
50 °C and stored in a tightly closed container.

The effect of various parameters on the yield of spherical
crystals was studied. These parameters included the amount of
ammonia water used as a bridging liquid (10, 15, and 20 mL);
the agitation speed (1000, 1500, and 2000 rpm); the agitation
time (30, 60, and 90 min) and the concentration of ammonia
in ammonia water (10, 15, 20, and 25%). The effects were tested
by changing one parameter at a time while keeping the other
parameters constant. The parameters that yielded the best for-
mulation were used for further preparation of the spherical
crystals.

Characterization of the spherical crystals. The physical proper-
ties of the spherical crystals formed were compared with those
of MA powder. The purity of spherical crystal-
lization was determined by IR spectrum analysis
(Perkin Elmer IR spectrometer) and melting point

determination (Toshniwall apparatus). The IR Tabl_et :

. designation
spectrum of the MA spherical crystals was MA-A
recorded to monitor the potential formation of )
polymorphs and other changes in the structure

. R MA-B
of the compound resulting from the crystalliza-
tion process. Solubility was determined quanti- SAA
tatively using distilled water and 0.1 N hy- i
drochloric acid at room temperature (25 °C). The SAE

excess drug was added to several vials containing
10 mL of the solvent. The suspensions were shaken
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at 25 °C for 24 h. The samples were then centrifuged, aliquots
of the supernatants were evaporated, and the residue was dis-
solved in a minimum quantity (1 mL) of 25% sulphuric acid
and diluted with distilled water. The MA content in the medium
was analyzed spectrophotometrically at 287 nm using a Shi-
madzu 1601 spectrophotometer.

The average particle size distributions of the MA powder and
its spherical crystals were determined using an optical micro-
scope. The shape and surface of agglomerates were determined
using both optical and scanning electron microscopes. The sur-
face areas of the MA powder and the MA spherical crystals were
calculated using the formula d?, in which d represents the di-
ameter of particles. The true densities of MA and its spherical
crystals were determined with the use of a relative-density bot-
tle (4). For the determination of bulk density, 3 g of MA pow-
der or its spherical crystals were placed in a 25-mL graduated
cylinder. The cylinder was dropped onto a hard-wood surface
from a height of 1 in. at intervals of 2 s. The bulk densities were
then obtained by dividing the weight of the samples by the final
volume of the samples contained in the cylinders. Flowabilities
were measured in terms of angle of repose using the fixed fun-
nel method. Compressibility values were determined by com-
pressing the MA powder and the MA spherical crystals sepa-
rately using a single-punch machine. Wettability values were
determined indirectly by measuring the densities and surface
tensions of the saturated aqueous solutions of MA powder and
its spherical crystals (5). The densities were determined using
a relative-density bottle. The surface tension values were de-
termined using a stalagmometer. The porosities of the drug
powder and the spherical crystals were calculated from their
bulk and true densities. The porosity of the tablets was calcu-
lated from apparent density of the tablets using the following
equation:

Porosity (€) = 1— (apparent density/true density)

The contact angles of the saturated aqueous solutions of MA
and its spherical crystals were determined by measuring the
height of a large drop when it was placed on a tablet surface.
The contact angle was calculated using the following equation:

Formulation

Tablets of conventional powder of MA prepared by double
compression without the use of diluents or excipients.
Tablets of conventional powder of MA prepared by double
compression with commonly used excipients.

Tablets of spherical crystals of MA prepared by double
compression without the use of diluents or excipients.
Tablets of spherical crystals of MA prepared by double
compression with commonly used excipients.



Figure 2: Photomicrograph showing the steps of spherical
crystallization of MA.

cos i

in which B = pg/2; v is the surface tension of the saturated
solution of the sample in water, dyne/cm; p is the density of the
saturated solution of drug in water, g/cm?; E is the porosity of
the tablet; and h is the height of the liquid drop, cm.
Formulation and characterization of the tablets. Tablets of both
the drug powder and its spherical agglomerates (SA) were pre-
pared with and without excipients. The names assigned to the
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tablet formulations are listed in Table I. Tablet hardness was de-
termined using a Monsanto hardness tester (6). The tensile
strength (T) of the compact was calculated using the following
equation:

T =2F/ wDt

in which D and t are the diameter and thickness of the com-
pact, respectively, and F is the force fracturing the compact.
The friability values of the tablets were determined using a
Roche-type friabilator. It was rotated at 25 rpm for 4 min. Per-
cent friability was calculated using the following equation:

Friability = ([W, - W]/ W) X 100

in which W is the weight of the tablets at time zero before rev-
olution, and W is the weight of the tablets after 100 revolutions.

The disintegration times of the tablet formulations were de-
termined using a tablet disintegration test apparatus (Veego,
Mumbai). After tablet strength and other characteristics of the
formulations were considered, tablets MA-B and SA-B were se-
lected for dissolution study. The dissolution test was conducted
using USP XX dissolution apparatus 1. The amount of dissolved
drug was determined spectrophotometrically at 287 nm. The
same procedure was repeated using water and 0.1 N HCl as the
dissolution medium. The tablet formulations were subjected to
physical stability tests under various stress conditions to study
the effect of temperature and humidity. The tablets were ex-
amined for changes in tablet color.

The chemical stability of the tablet formulations also was
studied for a period of 3 weeks at 4 = 1 °C and 50 = 1 °C in
the dark and at room temperature (25 °C) in ordinary daylight
conditions. The initial drug content of each sample was con-
sidered to be 100%. The subsequent amounts remaining in the
tablets were determined and the percentages of residual drug
were calculated. A graph was plotted showing log (percent resid-
ual drug) and time. The shelf life, or t,,, (the time required for
the degradation of 10% drug) for each formulation was calcu-
lated using the equation

100, = 0.104/ k

Results and discussion

The ternary solvent system (i.e., partially miscible solvents, am-
monia water, acetone and chloroform) was used to produce
spherical crystals of MA. A triangular phase diagram was pre-
pared to determine the proportions of the solvents that would
produce the highest yield of crystals. Ammonia water, which is
also a good solvent for MA, was used as a bridging liquid. Ace-
tone causes crystallization of MA as it diffuses out from the
droplet when chloroform is added. The agglomeration mech-
anism is explained with the help of photomicrographs (see Fig-
ure 2). This mechanism is divided into three zones: a zero-
growth zone, a fast growth zone, and constant-growth zone
(Figures 2a—c). Aggregation began immediately following the
addition of the bridging liquid, and the spherically agglomer-
ated crystals gradually formed by the coalescence of dispersed
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Figure 3: Scanning electron microscopy image of spherical crystals.

crystals until the dispersing medium was saturated with the
bridging liquid. The particle size of the primary crystals in the
agglomerates increased until the dispersing medium was satu-
rated with the bridging liquid introduced. After saturation, pri-
mary crystal growth ceased. Before saturation of the dispersing
medium with the bridging liquid, the bridging liquid intro-
duced into the system was immediately dispersed and wet the
surface of the original crystals. On the surface of the crystals,
an adsorbed bridging liquid solution layer was formed. At
the same time, the bridging liquid diffused into the dispers-
ing medium from its position as an adsorbed layer on the
crystal surface and the cross-contact point between particles.
These diffusion processes induced a solubility change in the
bridging liquid, resulting in the recrystallization (reprecipi-
tation) of the dissolved crystalline material, which occurred
to a greater degree on coarse particle surfaces than it did on
smoother surfaces.

The amount of bridging liquid is a critical parameter in the
spherical crystallization technique. When 10 mL of ammonia
water was used, no agglomeration occurred. This may be be-
cause only a very small amount of bridging liquid was avail-
able for solubilization, leading to incomplete wetting of the ag-
glomerates. When more than 20 mL of ammonia water was
used, large agglomerates formed. When 15 mL of ammonia
water was used, uniform spherical crystals were produced. This
finding indicates that ag-
glomeration might result
from the coalescence of ag-
glomerates with the liberated
bridging liquid, the rate of
which depends on the fre-
quency of the collisions of ag-
glomerates. Therefore, the ag-
glomerates grew in size in
proportion to the agitation
speed up to a certain limit.
Uniform spherical crystals
were produced at an agitation
speed of 1500 rpm. With in-
creasing agitation speed, the

Contact angle

Tensile strength (kg/cm?)

Disintegration time
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Figure 4: Dissolution profiles of MA powder and MA spherical crystals.

average diameter of agglomerates decreased, and their shape be-
came increasingly irregular. At a high agitation speed, the thick-
ness of the bridging liquid layer adsorbed on the surface may
have decreased, leading to a reduction in the amount of crystals
produced. Further, the diffusion of bridging liquid from the sur-
face of the particle into the outer medium increased, thereby re-
ducing the growth rate of the primary crystals. The agglomera-

Table 11: Physical properties of powder and spherical
crystals of mefenamic acid.

Particle size (pm) 74.93 £ 3.21 553.99 = 15.26

True density (g/cm®)  1.1743 = 0.094 0.9987 = 0.086

Angle of repose 38.65° 29.40°

Surface tension

(dyne/cm) 55.76 = 0.95 48.53 = 0.85

Table lIl: In vitro comparison of tablets of plain powder and spherical crystals of

125.4 = 0.98 72.3 = 1.68 34.4+201 236 =* 156

482+ 1.41 6.25 = 1.34 6.89 £ 0.86 8.46 = 0.96

No 5 min 32 s, No 4 min 25 s,
disintegration +30s disintegration +20s.
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Figure 5: Comparison of the degradation curves at room temperature
(RT) of tablets made from MA powder and from MA spherical crystals.

tion of primary crystals always occurred by recrystallization and
coalescence, irrespective of the agglomeration conditions. Once
the dispersing medium was saturated with the bridging liquid,
the increase in primary crystal size and the decrease in primary
crystal number ceased because the diffusion-controlled recrys-
tallization and fusion stopped. The bridging liquid introduced
into the dispersing medium after the saturation point was im-
miscible in the system, and only coalescence of agglomerates with
the bridging liquid (liberated from the system) occurred, caus-
ing an increase in agglomerate size. When agitation speed was
increased, the agglomeration rate increased because of the in-
creased rate of collision and coalescence of particles. The opti-
mum agitation time for the spherical crystals to remain suspended
in the solvent mixture was 55-60 min at 25 = 2 °C. With shorter
time durations, the formation of spherical crystals was incom-
plete. When the agitation time was increased beyond this point,
a breakdown of the agglomerates took place. Also, as tempera-
ture was increased, large agglomerates were formed. This was
probably a result of the increased solubility of the drug at high
temperatures. Therefore the solubility temperature is an impor-
tant process parameter for spherical crystallization. When the
concentration of ammonia in ammonia water was 25%, spher-
ical crystals were formed, whereas when the ammonia concen-
tration was less than 25%, spherical crystals were not produced.

The IR spectra of the spherical crystals showed that no change
occurred in the chemical nature of the drug. The melting point
of the spherical crystals (230 °C) also confirmed that the chem-
ical structure had not changed and that no impurities were pre-
sent (7). Thus the procedure used for the preparation of spher-
ical crystals involved only physical interactions of particulate
materials, rather than chemical interactions, and yielded pure
product.

The simple photomicrographs and scanning electron mi-
croscopy (SEM) photographs (see Figure 3) show that uniform
spherical crystals of MA were formed. The particle-size study
of MA powder and spherical crystals showed the formation of
agglomerates. A study of the surface area followed the mi-
cromeretic principle. The study of various types of densities
showed higher packability of MA spherical crystals compared
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Figure 6: Comparison of the degradation curves at room temperature
(RT) of solutions of plain MA and of spherical crystals of MA.

with MA powder. The spherical crystals had an angle of repose
that was lower than that of MA powder. This result suggests
that the spherical crystals have excellent flow properties. The
spherical crystals had greater wettability than did the MA pow-
der, as indicated by the lower contact angle and surface tension.
This result may have been caused by the lower crystallinity of
agglomerated crystals as compared with the bulk drug. Spher-
ical crystallization also increased the aqueous solubility of MA
(see Table II).

Slugging was required to make a coherent tablet from MA
powder, whereas spherical crystals formed a coherent tablet
after one compression. Thus the spherical crystals are directly
compressible, which could be a result of the new clear surface
formed during compression.

A hardness study of tablets showed that the tablets prepared
from spherical crystals had greater mechanical strength than
those prepared from the powder (see Table III). This may be a
result of the stronger bonds formed between newly formed crys-
tals of agglomerates. A friability study showed lower friability
of the tablets prepared from the spherical crystals, possibly
owing to the better compaction of the spherical crystals. The
solubility study showed that spherical crystals have good solu-
bility in water as well as in other solvents. This increase in sol-
ubility may be a result of the decreased crystallinity and in-
creased wettability of the agglomerates of crystals. Disintegration
tests showed that the tablets of spherical crystals disintegrated
more rapidly than did the tablets made from simple crystals of
MA. Figure 4 shows that the dissolution rate of tablets of spher-
ical crystals was higher than that of tablets made from simple
MA, owing to the greater wettability of the spherical crystals.

Chemical stability studies showed that a plot of log (percent
residual drug) versus time resulted in a straight line, which in-
dicates that degradation followed first-order kinetics. The shelf
life of tablets stored in the dark was 404 days for tablets made
from MA spherical crystals and 397 days for tablets made from
MA powder (see Figure 5). It is evident from the chemical sta-
bility data that the spherical crystals of MA did not show much
degradation. When subjected to chemical stability studies at
room temperature for a period of three weeks in light, both



powder MA and spherical crystals of MA showed slightly more
degradation as compared with those kept in the dark. A solu-
tion of MA powder, when kept in light at room temperature for
a period of three weeks, showed 44% degradation, whereas a
solution of spherical crystals of MA showed ~35% degrada-
tion (see Figure 6).

Conclusion

Spherically agglomerated crystals of mefenamic acid were suc-
cessfully prepared for direct tableting using the spherical crys-
tallization technique. The micromeritic properties of the ag-
glomerated crystals such as flowability, packability, and
compactibility were better than those of MA powder. This re-
sulted in successful direct-tableting material without capping
under a practical compression speed.
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