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Particle Design of Tolbutamide by the Spherical Crystallization Technique. III. Micromeritic Prop-
erties and Dissolution Rate of Tolbutamide Spherical Agglomerates Prepared by the Quasi-Emulsion
Solvent Diffusion Method and the Solvent Change Method
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With the objective of modifying the micromeritic properties of tolbutamide (i.e., to manufacture a highly functional
powder form), particle design was attempted using a quasi-emulsion solvent diffusion (QESD) method, and the
micromeritic properties and dissolution rate of the obtained spherical agglomerates were evaluated by comparison with
agglomerates prepared by the solvent change (SC) method. For the production of tolbutamide agglomerates by the
QESD method, a necessary condition was the addition of a sucrose fatty acid ester to the system as an emulsifying agent.
The particle diameter of the agglomerates obtained by the QESD method depended on the size of the initially formed
quasi-emulsion droplets, which in turn depended on the viscosity of the solution. In addition, the agglomerates were
nearly perfectly spherical in shape. In the QESD method, the quasi-emulsion droplets crystallized instantaneously from
the droplet surface inward. The resultant agglomerates were dense, had great mechanical strength and showed excellent
flowability due to their perfect spherical shape. On the other hand, the agglomerates produced by the SC method were
conglomerates of primary crystals, and fine, needle-like crystals formed on their surface. As a result, these agglomerates
had a large specific surface area, and they therefore showed greater solubility than the agglomerates prepared by the

QESD method.

Keywords quasi-emulsion solvent diffusion; solvent change; tolbutamide; spherical crystallization technique; particle design;

friability; surface area; dissolution rate; micromeritic property

Particle design for solid dosage forms of drugs consists of
improving the efficiency of the manufacturing processes
and giving a high degree of functionality to the particles.
On the basis of this approach, the authors previously
developed the spherical crystallization technique.!’ Briefly,
the authors were able to improve the efficiency of the initial
steps of the manufacturing operation by combining the
process for crystallization (design of the primary particles)
and agglomeration (design of the secondary particles), and
then succeeded in increasing the added value of the product
by endowing the primary and secondary particles with
greater functionality. The spherical crystallization tech-
nique, as the name indicates, provides crystalline agglom-
erates that are spherical in shape, which gives them ex-
cellent micromeritic properties (flowability, packability,
etc.).>”¥ In addition, depending on the crystallization meth-
od employed with this technique, the product has im-
proved compressibility. and by the addition of polymers
to the crystallization system it is possible to improve the
properties of the secondary particles and ensure that it has
high functionality, such as improved solubility” and con-
trolled released rate.®”

During recent years, the authors attempted particle
design of tolbutamide (TBM), a poorly soluble drug, by the
neutralization spherical crystallization technique method
and by the solvent change (SC) method. With the neutrali-
zation method, addition of water-soluble polymers and
surfactants to the crystallizing solvent method resulted in a
striking improvement of the solubility of TBM,®’ while with
the SC method, control of the crystallization process made
it possible to obtain crystalline polymorphs having more
advantageous secondary characteristics.” It was therefore
reported that the spherical crystallization technique was an
extremely useful particle design method.

In the present research, with the objective of endowing
TBM agglomerates with high functionality, the authors

prepared crystalline agglomerates of TBM by the quasi-
emulsion solvent diffusion (QESD) method and studied
their micromeritic properties and dissolution rate in com-
parison with those of TBM agglomerates prepared by the
SC method.

Experimental

Preparation of Crystalline Agglomerates by the QESD Method The
equipment diagrammed in Fig. 1 was employed for these studies. As an
emulsifying agent, 200 ml of an aqueous solution containing 0.025% of
sucrose fatty acid ester DK-F70 (DKF; Daiichi Kogyo Seiyaku) was
placed in the cylindrical vessel equipped with a baffle plate. While this was
agitated at 300 rpm with a propeller-type agitator, Sml of dimethylform-
amide (DMF) containing 2.5—5g of TBM (Hoechst Japan) was added,
and agglomeration was allowed to proceed for 15min at 25°C. In
addition, water was employed as the crystallization solvent, in place of the
0.025% DKF solution.

Preparation of Crystalline Agglomerates by the SC Method Using the
equipment described in a previous report,” 50ml of an ethanol solution
containing 5 g of TBM was placed in the cylindrical vessel (500 ml; 84 mm
i.d.), followed by addition of 250ml of 0.025% DKF solution while
agitating at 600 rpm with a turbine-type agitator having 6 blades (50 mm in
diameter). Two minutes after the TBM crystals had been formed, 21.2—
21.9ml of a mixed solution of isopropyl acetate and ethanol was dripped
into the system at a rate of 10 ml/min as a bridging liquid. This system was
then held at 25°C for 20—40 min to allow agglomeration to occur. In
addition, in the same manner as for the QESD method, was employed as
the crystallization solvent, and the process was carried out.

Determination of Particle Size Distribution and Particle Diameter of
Crystalline Agglomerates These values wre determined by the sieving
method using the standard sieve stipulated in the Japanese Pharmacopoeia
Xlth edition.

Determination of Apparent Density and Apparent Specific Surface Area
of Crystalline Agglomerates The apparent density (p,,,) was calculated
using Eq. 1, where W is the known sample weight, # is the number of
particles counted on the micrograph of the known weight sample, 4 is the
value for the mean particle diameter obtained as the circle equivalent
diameter (Heywood diameter) with an image analyzing processing ap-
paratus, and ¢ is the specific surface shape factor of spherical agglomerates,
assumed to be 6.

w

Py =——
app nd®/d

(1)

@© 1990 Pharmaceutical Society of Japan

NII-Electronic Library Service



734
(d)
(f)
(c)
(LN 10mm
I \. iy
34— 86mm —»
Fig. 1. Apparatus for QESD Process
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(a) Cylindrical vessel (500 ml), (b) motor, (c) propeller-type agitator, (d) baffle plate, (¢) water bath, (f) regulator.
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Determination of Micromeritic Properties of Crystalline Agglom-
erates The specific surface area was measured with a specific surface
area measuring device (Flowsorb 2300; Shimadzu), using the adsorp-
tion isotherm (BET method). The wettability of the crystalline agglom-
erates was evaluated from the contact angle. The contact angle was mea-
sured directly with a contact angle meter (CA-A; Kyowa Kagaku)
after compressing the agglomerates into a shape (8mm in diameter;
porosity; 0.1 or less) and placing a drop of saturated TBM aqueous
solution on the surface thereof with a microsyringe. Because the contact
angle changes with the passage of time as the liquid drop permeates into
the compressed material, the extrapolated value at =0 was employed in
this study, in accordance with the report of Itoh and Koishi.!”

Determination of Viscosity of DMF Solution of TBM The kinetic
viscosity was measured at 25 °C using an Ubbelode-type viscosimeter.

Determination of Mechanical Strength of Crystalline Agglomer-
ates Two grams (W, particle size: 250—600 um) of the crystalline ag-
glomerates was placed in a friability tester (TA3R; Erweka), and this was
subjected to the impact test at S0 rpm for a certain length of time. After
passing this through a sieve having a mesh size of 125 um, the weight (W)
of the material which did not pass through the sieve was determined,
and the friability (X) was calculated using Eq. 3 below.

Wo—W
X 3)
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Dissolution Behavior of Crystalline Agglomerates In conformity with
the Japanese Pharmacopoeia XIth edition, a dissolution test (NTR-VS6;
Toyama Industrial Co.) was employed to determine this property for a
0.5 g amount of agglomerates having various particle diameters. The test
fluid was 900 ml of pH 6.5 phosphate buffer solution [0.2M K,HPO,
(250 ml): 0.2 M NaOH (76 ml): water (674 ml)}], and the test was carried out
for 60 min at 100 rpm by the paddle method. The amount of dissolved
TBM was measured at 4,,, 229 nm using a spectrophotometer (Hitachi,
model 340). In addition, a physical mixture of 0.5 g of agglomerate sample
and 0.1g of Kollidone CL® (polyvinylpyrrolidone cross-linked micro-
nized; particle diameter: <20 um; BASF, Japan), a hydrophilic agent, was
also employed as a sample for the determination of the dissolution
behavior.

Results and Discussion

Agglomeration Processes of the SC Method and QESD
Method In the SC method, TBM is crystallized out as
microcrystals when the ethanolic TBM solution is added to
water or DKF solution while agitating. Then, when the
isopropyl acetate/ethanol mixed solution, which has an
affinity for TBM particles but is immiscible with water, is

Fig. 2. (A) Micrograph (B) Scanning Electron Microphotograph of
Agglomerates Obtained by the SC Method

Crystallization solvent: 0.025%, sucrose fatty acid ester DK-F70. Bridging liquid:
isopropyl acetate 21.2 ml.

added to this suspension, phase separation occurs, liquid
bridges are formed by the minute amounts of isopropyl
acetate dispersed between the particles, and the particles
are agglomerated. As a result of the agitation, the TBM
particles make repeated contact with each other, and finally
spherical crystalline agglomerates of TBM are formed.
On the other hand, in the case of the QESD method,
TBM is dissolved in DMF, and quasi-emulsion droplets are
formed immediately when this is added to the DKF
solution; these droplets are dispersed in the water. As a
result of agitation, the DMF gradually diffuses from the
quasi-emulsion droplets into the water, and the process of
crystallization begins from the surface of the droplets. In
the end, spherical agglomerates of TBM are obtained which
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Fig. 3. (A) Micrograph (B) Scanning Electron Microphotograph of
Agglomerates Obtained by the QESD Method

Crystallization solvent: 0.025% sucrose fatty acid ester DK-F70. Loading weight
of tolbutamide: 5g.

preserve the shape of the initially-formed quasi-emulsion
droplets.

Thus, it is seen that the agglomeration processes of the
SC method and the QESD method are different. In ad-
dition, as is apparent from the scanning electron micro-
photographs presented of the obtained agglomerates in
Figs. 2 and 3, it can be surmised that the agglomeration
mechanisms of these two methods are different. Ac-
cordingly, we proceeded to investigate the factors which
influence the agglomeration of TBM, and the physical
properties of the crystalline agglomerates.

Influence of Sucrose Fatty Acid Ester DK-F70 on TBM
Agglomeration In the SC method, when water was em-
ployed as the crystallization solvent, the particle diameter
of the agglomerates increased (mean diameter: ca. 300—ca.
1000 um) in proportion to the volume (21.2—21.9ml) of
bridging liquid added to the system. However, when a DKF
solution was employed as the crystallization solvent, the
obtained agglomerates had almost the same particle diam-
eter (mean diameter: ca. 300—400 um), regardless of the
volume of bridging liquid added (Figs. 4 and 5). Without
any addition of DKF, the cohesive force between particles
increases as the volume of added bridging liquid is in-
creased, but it was shown that this is suppressed by the
presence of DKF. That is, it has been surmised that DKF in
the aqueous phase reduces the interfacial tension of the
bridging liquid (isopropyl acetate) between the particles,
thereby lowering the capacity for aggregation.'” On the
other hand, in the case of the QESD method, the addition
of DKF yielded almost perfectly spherical agglomerates.
Without any addition of DKF, however, quasi-emulsion
droplets were not formed and only the irregular mass of
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Fig. 4. Particle Size Distribution of Agglomerates Obtained by the SC
Method

Crystallization solvent: 0.025%, sucrose fatty acid ester DK-F70. Amount of
bridging liquid: @, 21.2ml; @, 21.6 ml; A, 21.9ml.
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Crystallization solvent: water. Amount of bridging liquid: @, 21.2ml; |, 21.6 ml;
A, 219ml

Particle Size Distribution of Agglomerates Obtained by the SC

TBM was obtained. With no DKF addition, crystallization
was thought to occur, without stable formation of quasi-
emulsion droplets. Because the QESD method consists of
solidification® of quasi-emulsion droplets, an essential con-
dition is the stable formation of quasi-emulsion droplets, at
least temporarily (for the time needed to achieve solidifi-
cation). For this reason, the presence of DKF, an emulsify-
ing agent, was found to be indispensable.

Relationship between TBM Concentration and Particle
Diameter in the QESD Method The particle diameter of
the obtained agglomerates increased in direct proportion to
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Fig. 6. Particle Size Distribution of Agglomerates Obtained by the
QESD Method

Loading weight of TBM: ¥, 2.5g; . 32 A. 42 @, 5¢g.
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Fig. 7. Relation between Concentration of TBM and Particle Diameter
of Agglomerates Obtained by the QESD Method

the concentration of TBM in the DMF (Figs. 6 and 7), and
the particle diameter showed a linear reilationship with the
viscosity of the TBM solution (Fig. 8). Since the QESD
agglomeration method consists of solidification of the
quasi-emulsion droplets, the solidified particles do not
aggregate with each other, and thus the particle diameter of
the agglomerates depends on the size of the quasi-emulsion
droplets which initially form in the aqueous phase. In
addition, even when the concentration of TBM in DMF is
increased (34.5—51.3 w/w?,). the surface tension of the
DMF solution remained almost constant at about
38dyn/ecm. These findings indicate that the size of the
initially formed liquid droplets depends on the viscosity of
the TBM solution. In other words, it is thought that the
diameter of the formed quasi-emulsion droplets increases

Vol. 38, No. 3
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Fig. 8. Relation between Kinetic Viscosity and Particle Diameter of
Agglomerates Obtained by the QESD Method

TaBLE I. Micromeritic Properties of Agglomerates Prepared by the
QESD Method® and SC Method”

Mean particle ~ Apparent specific Apparent
Method size! surface area density
(um) (cm?/g) (g/cm?)
QESD 1046 S1 1.12
740 70 1.15
444 116 1.16
SC 1353 72 0.61
500 176 0.62
306 276 0.70

@) Quasi-emulsion solvent diffusion method. &) Solvent change method.
¢) Measured using an image analyzing processing apparatus.

because the dispersion of the TBM solution is suppressed
by its increasing viscosity. This concept of the events
occurring in the system is supported by the fact that the
diameter of the particles of the formed agglomerates de-
creased when the agitation rate was increased.

Apparent Density and Apparent Specific Surface Area of
the Crystalline Agglomerates When the specific surface
area of the agglomerates was determined by the BET
method, the agglomerates prepared by the SC method gave
a value of 11200—12400cm?/g, being larger than those
obtained by the QESD method (10200—10700cm?/g).
However, there was no relationship between the specific
surface area and the particle diameter for the agglomerates
prepared by either the QESD or SC method. As there
seemed some effect arising from the presence of voids or
pores in the agglomerate, the values for the agglomerates’
apparent density and apparent specific surface area were
calculated using Eqgs. 1 and 2. As shown in Table I, the
agglomerates prepared by the SC method had smaller
values of apparent density and larger values of apparent
specific surface area than those obtained by the QESD
method. These results are also supported by the results of
SEM observations. That is, the SC method aggregates
precipitated microcrystals to form agglomerates and there-
fore the resultant agglomerates have low density and a
microscopically rough surface covered with numerous
needle-shaped crystals. On the other hand, with the QESD
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Fig. 10. Dissolution Profiles of Agglomerates and Physical Mixture with
Kollidone CL® (SC Method)

Crystallization solvent: 0.025% sucrose fatty acid ester DK-F70. Particle diameter:
O, 1100 um; A, 650 pm; [J, 350 um. Solid symbols, physical mixture with Kollidone
CL®; open symbols, without Kollidone CL®.

method, quasi-emulsion droplets crystallize out instan-
taneously from their surface inward, thus making the
formed agglomerates very dense in texture; the surface of
these particles appears smooth under a microscope. It is
thought that these differences in the physical properties
of the crystalline agglomerates influence the mechanical
strength of the agglomerates.

Mechanical Strength of the Crystalline Agglomerates To
investigate the mechanical strength of the crystalline ag-
glomerates obtained by the QESD and SC methods, they
were subjected to the friability test, and the results were
then treated by means of Eq. 4%

Ry(x)=Ro(x)-(1—Pr)¥ "

where Pr is the probability of breakage of the agglomerates
per impaction, N is the number of impactions (or the
residence time), and Ry (x) is the cumulative percent in
excess of size X, determined with a sieve having a mesh size
of 125 um. In addition, assuming that the abrasion rate is
proportional to the surface area of the agglomerates in the
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Fig. 11. Dissolution Profilels of Agglomerates and Physical Mixture

with Kollidone CL® (SC Method)

Crystallization solvent: water. Particle diameter: O, 1000 um; A, 420 um; [J,
360 um. Solid symbols, physical mixture with Kollidone CL®; open symbols, without
Kollidone CL®.

case of the friability test on spherical agglomerates, the
relationship between the friability (X) and the time (¢) can
be expressed by Eq. 5,'?

) 2K¢
1-x)1*=1- t (&)
paprD
2K
0= ? (6)
paprO

where k is the abrasion rate constant, X, is the agglomerate
particle diameter prior to the test, p,,, is the apparent
density of the agglomerates, and ¢ is the specific surface
shape factor. As shown in Figs. 9A and 9B, the agglom-
erates obtained by the SC method showed friability in
accordance with Egs. 4 and 5. In view of this finding, it is
understood that the damage to the agglomerates prepared
by the SC method proceeds from the surface inward, and
the aggregation force working between constitutive par-
ticles within the agglomerates in uniform within the crystal-
line agglomerates. On the other hand, the agglomerates
prepared by the QESD method deviated from Eq. 5 during
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TaBLe II. Dissolution Rate Constants of Agglomerates Prepared by the QESD Method® and SC Method® and Physical Mixture with Kollidone CL®
QESD method SC method
Crystallization solvent . 0.025% DKF? 0.025% DKF Water
Mean particle size (um) 1050 800 580 450 1100 650 350 1000 420 360
Dissolution rate constant ( x 1072) 3.08 4.46 5.91 8.30 4.36 6.61 344 3.68 5.34 5.83
Physical mixture with — — — — 4.20 6.45 — 4.74 8.03 8.43
Kollidone CL®
a) Quasi-emulsion solvent diffusion method. &) Solvent change method. ¢) 0.025% Sucrose fatty acid ester DK-F70. —; not determined.
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Fig. 12. Dissolution Profiles of Agglomerates Obtained by the QESD
Method
Crystallization solvent: 0.025%; sucrose fatty acid ester DK-F70. Particle diameter: L . 4 -3
0. 1050 um; A, 800 um; [J, 580 um; <7, 450 pm. 1 2 3 x10

the initial 10 min of testing, but they subsequently under-
went abrasion in accordance with the equation. That is,
during the early period they readily underwent damage, but
later on they were not easily damaged (Fig. 9B). These
findings indicate that the surface layer of the agglomerates
formed by the QESD method is comparatively soft, while
the core is hard. Next, 6, the slope determined from Fig. 9B,
was substituted into Eq. 6 and the values for the abrasion
rate constant, x, of the agglomerates prepared by the SC
and QESD methods were calculated. They were 7.1 x 1076
and 2.4 x 107 ®g/cm?/min, respectively. On the basis of
these data, it is understood that the agglomerates prepared
by the QESD method are more resistant to abrasion and
have greater mechanical strength than the agglomerates
prepared by the SC method.

Dissolution Rates of Crystalline Agglomerates Figures
10—12 present the data on the dissolution profiles of the
agglomerates. Assuming that the particles dissolve isotropi-
cally under sink conditions in a monodispersed polyparticle
system, the dissolution rate constants were calculated from
the slope (x) by applying the Hixson—Crowell equation (Eq.
7)'¥ (Table II). In the SC method, the dissolution rate of
the agglomerates formed upon addition of DKF was more
rapid than when DKF was not added. Because of poor
wettability of the agglomerates formed without any ad-
dition of DKF, most of the agglomerates did not disperse in
the test fluid and instead floated at the fluid surface. On the
other hand, the agglomerates formed with the addition of
DKF, which is a hydrophilic compound, had DKF adhered
to the surface of the crystals and thus showed good

1/pParticle diameter (um_l)

Fig. 13. Relation between Dissolution Rate Constant and Reciprocal of
Particle Diameter of Agglomerates and Physical Mixture with Kollidone
CL®

O, QESD method; A, SC method (crystallization solvent: 0.025% sucrose fatty
acid DK-F70); (3, SC method (crystallization solvent: water); solid symbols, physical
mixture with Kollidone CL®; open symbols, without Kollidone CL®.

wettability. As a result, these DKF-containing agglom-
erates are considered to have a greater effective surface
area.

1/3
WO*“—W,“’E(_HNP) PG e 2%, (M
6 hp d hp
Wy 1 2DC

: ®)

Ne——" k=W,
n/6d%p d ° hp
where W, is the initial weight, W, is the weight after ¢ hours,
N is the number of particles, ¢ is the time, p is the density, C,
is the solubility, D is the diffusion constant, 4 is the
thickness of the diffusion layer, and d is the diameter.

In addition, it was found that the dissolution rate of the
agglomerate obtained by the SC method without any
addition of DKF was strikingly increased when it was
mixed with Kollidone CL® (Fig. 11). In consideration of
the SEM findings for these agglomerates, showing adher-
ence of numerous dense particles of the Kollidone CL® to
the microscopic pores on the surface of the agglomerate
particles, it is deduced that this improved dissolution was
brought about because the hydrophilic Kollidone CL®
formed capillaries which acted as conduits for water'® and
thus improved the wettability of the particles. On the other
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hand, the agglomerates formed in the presence of DKF
already were endowed with good wettability, and their
dissolution rate was thus not further improved when mixed
with Kollidone CL®. These results and our deduction were
also supported by the result that the contact angle with
water was smaller in the case of the agglomerates contain-
ing DKF or mixed with Kollidone CL® in comparison with
the agglomerates prepared without DKF addition.

Next, we investigated the relationship between the disso-
lution rate constant and 1/d, as represented by Eq. 8. As
shown in Fig. 13, it was found that the agglomerates
formed in the presence of DKF obeyed the Hixson—Crowell
equation, whereas the plot of the data for the agglomerates
formed without DKF did not pass through the point of
origin and thus deviated from the equation. This phe-
nomenon is supposed to be due to a decrease of the effec-
tive surface area of aggregated floating particles, which in-
crease in number as the particle diameter becomes smaller
because of the poor wettability of TBM.!31) In addition,
it is thought that the difference in dissolution rates between
the DKF-containing agglomerates prepared by the SC
method and by the QESD method can be explained on the
basis of the SC agglomerates having a smaller apparent
density, which results in a larger effective surface area.

Conclusion

It was found that the QESD. method was suitable for the
manufacture of TBM crystalline agglomerates which are
dense and have great mechanical strength (i.e., resistant to
abrasion), while the SC method was appropriate for pro-
duction of TBM crystalline agglomerates having a large
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apparent specific surface area and a high dissolution rate.
Both of these agglomeration processes were able to endow
crystalline agglomerates of tolbutamide with improved
functional properties.
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