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ABSTRACT

Studies were undertaken to investigate the.possible
existence of polymorphic forms of meprobamate. A metastable
form was prepared by crystallization from a super-cooled
melt.

The forms of meprobamate (designated Form I and Form II)
were characterized by melting point, optical properties,
infrared spectroscopy, differential thermal analysis and
X-ray diffraction pattern. Quantitative heats of fusion
of both the forms of meprobamate were obtained using dif-
ferential thermal analysis techniques.

A procedure was developed for the quantitative deter-
mination of meprobamate in aqueous solutions by gas-liquid
chromatography.

The aqueous solubility of each crystal form at several
temperatures was measured. The kinetics of the dissolution
of each form were examined. The solubility of the Form II
was found to be approximately twice the solubility of the
Form I at each temperature. The kinetics of dissolution
of the Form II showed a slow reversion back to the Form I,
similar to that described for several other compounds by
other workers. The temperature of transition and the thermo-
dynamic properties of the form change have been calculated
from these data.

A particle sizing unit has been assembled, consisting
of a Coulter counter Model B particle size analyser, a
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128~channel multichannel analyser, an oséilloscope display
and an X-Y plotter. This unit is capable of measuring,
recording and displaying complete size distributions in
much shorter times than is possible with the Coulter counter
operated in the conventional (single channel) mode.

The unit was calibrated with essentially monosize par-
ticles, and the size distribution obtained was compared with
those obtained with two other particle sizing methods. The
unit was compared with the Coulter counter operated in the
conventional mode, using powders with a wide size distri-
bution, and 'good agreement was obtained between the methods.

Since data acquisition was fast using this unit, it
could be used to advantage in studies on the dissolution
of powdered drugs. The dissolution of sparingly soluble
drugs was followed using the particle size change. The
theory derived to describe the dissolution rate of particles
with time in a diffusion controlled dissolution process

was verified.
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CHAPTER I. INTRODUCTION
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Dissolution is the act of dissolving and the rate of
dissolving a drug from the solid state is called the dis-
solution rate. In recent years the dissolution rates of
drugs of low solubility have drawn considerable attention
and many authors have also stressed the importance of
crystal structure of the drugs and its effects on the dis-
solution behavior.

Many organic compounds are capable of existing in more
than one crystalline form, having different physico-chemical
properties and possessing different thermodynamic activities.
The knowledge of the thermodynamic properties associated
with the crystal modification can usually help in the pro-
per selection of the crystal modification for therapeutic
activity.

The popularity of meprobamate as a tranquillizer has
been well established. It was of interest to investiéate
the possible existence of polymorphism in this drug and to
study the dissolution behavior. |

The Coulter counter has been extensively used for the
size analysis of pharmaceutical materials during the past
decade. The method has two important advantages over the
classical methods of size analysis. Firstly, the time
taken for size distribution is reduced, and secondly, the
method is suitable for sizing particles between 0.5 u -

200 u in diameter. This size range covers most of the
finely divided drugs, such as griseofulvin. One application

of the Coulter counter has been in the study of the
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dissolution of the solid particles in aqueous medium and
investigations of this aspect have been reported.

Although the Coulter counter is a fast method of size
analysis in comparison with the classical methods, the speed
of data acquisition can be greatly increased by converting
it from a single channel analyser to a multichannel ana-
lyser. The complete size distribution can be obtained in
a singlé step, resulting in a much more rapid determination.

To evaluate the multichannel assembly, two standard
materials, latex particles and ragweed pollen grains, were
used. Another evaluation of the method was to compare the
size distributions obtained with this method of materials
having a wider distribution of particle sizes, with those
obtained by other methods. Micronized hydrocortisone ace-
tate and griseofulvin were used for size distribution ana-

lysis and for dissolution rate studies.



CHAPTER II. LITERATURE SURVEY



A. DISSOLUTION MECHANISM

Noyes and Whitney (1) guantitatively studied disso;ution
rate by rotating cylinders of benzoic acid and lead chloride
in water. After analysing the solution at certain inter-
vals, these workers derived a law which concerns the rate
at which solids dissolve in their own solutions when change
in the surface area of exposed solid is négligible. This
law states that the rate of concentration change, dc/dt,
is at any instant directly prdportional to the difference
between the concentration of a saturated solution, Cs, and
the concentration, C, existing in the solution at this in-

stant. The equation in its original form is written as:

ac _ _ :
It K(Cg C) (eq. 1)

Noyes and Whitney explained the dissolution process on
the assuﬁptions that a very thin layer of saturated solu-
tion was formed at the surface of the solid and the rate
at which the solid dissolved was governed by the rate of
diffusion from this saturated layer into the main body of
the solution.

While Noyes and Whitney (2) later assumed that the
rate would be proportional to the surface, it was Bruner
and Tolloczko (3-7) who showed this dependence and also
that the constant, k, depended upon temperature and rate
of stirring.

Subsequently Nernst (8) advanced the concepts of the

Noyes and Whitney law to include all kinds of heterogeneous
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reactions and suggested that equation 1 could be written

dc DA
—— 3 —— - . 2
dt Vé (CS € (eq )

whefe D is the diffusion coefficient, V is the volume of
the solvent, A is the area of the interface, and § is the
thickness of the stagnant film of the solvent on the solid
surface. Brunner (9) showed the rate dependence on the
diffusion constant. Nernst and Brunner postulated that
the velocity of a heterogeneous reaction was determined by
the velocities of the diffusion processes that accompanied
it. This included the concept that the equilibrium is set
up at the boundary surface practically instantaneously
compared with the rate of diffusion.

The Nernst and Brunner theory was criticized by many
workers, while other workers have published data which
substantiate the film theory. 1In formulating their theory,
Nernst and Brunner assumed that the process at the surface
proceeds much faster than the transport process and that
a linear concentration gradient is confined to the layer
of solution adhering to the solid surface. It is apparent
that if the intrinsic reaction rate at the interface is
not faster than the rate of the transport process, deviation
would occur. Roller (10-12) raised objections to the film
theory concept and stated that an activation energy for
the interfacial reaction should be required since all
collisions of the solvent could not be expected to result

in the release of molecules from the solid surface. Van
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Name and Hill (13, 14) and also King (15) criticized the
film theory and reported that the theoretical thickness
of the film was larger than the physically acceptable value.
Nernst and Brunner while calculating the film thickness
proposed that diffusion was the only mode of transport and
the boundary film remained stationary. The work of Van
Name and Hill led them to postulate that the fluid motion
component perpendicular to the surface becomes smaller
and thus does not materially affect the transport rate.
Wilderman (16) and Zdanovskii (17-19) were the other
workers who subjected the entire Nernst-Brunner diffusion
theory to severe analysis and experimental study. Wilder-
man threw considerable doubt uvpon it as an explanation
of the nature of the solution process. Zdanovskii, after
experimentation with the dissolution of inorganic salts,
reported that when the rate determining step is the sur-
face or interface process, the rate of dissolution is
given by:

aw

at = aS(Cs - Cy) (eg. 3)

When the process is diffusion controlled, the rate of

dissolution is given by

aw D

_ v - . 4
at (h)S(Cy C,) (eq. )
where dW/dt is the rate of dissolution, a is the rate
constant of the interface process, h is the thickness of

the diffusion layer, S is the surface area, Cs is the
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concentration at saturation, Cx is the concentration in
the bulk solution, and Cy is the concentration in the
boundary diffusion layer.

Higuchi and co-workers (20), showed where the Nernst-
Brunner theory would be expected to fail. Using the Nernst-
Brunner model and assuming non-linear concentration grad-
ients in a single diffusion layer, these authors derived an.
equation which offered satisfactory explanation for the
rate of dissolution of weak acids and bases in various
solutions and buffers. King and Brodie (21) and Hixson
and Baum (22) studied the dissolution rates of benzoic acid
in dilute aqueous sodium and potassium hydroxide solutions.
They explained their data on the basis of the Nernst-
Brunner film model of diffusion controlled kinetics. This
theory assumes linear concentration gradients in the dif-
fusion layer. |

In many dissolution studies conditions are chosen so that
that the term, DA/VS, remains essentially constant during
the experiment. This is accomplished by using single large
particles or compressed tablets. The fraction of the par-
ticle which dissolves is very small so that the surface can
be assumed constant as long as the particle remains intact.
The thickness of the Nernst-Brunner layer is kept constant
by maintaining the position of the particle with respect
to the stirrer. When dissolution from powder is studied
these conditions may not be obtained. Thus the surface area

of the particles may be expected to change during an
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experiment.

Hixson and Crowell (23) derived a general expression
for reaction rate in terms of variable surface area and
concentration. They wrote an excellent review of the
theory of the dissolution of the solids and derived a
new law, known as cube root law, in which the velocity of
dissolution of a solid in a liquid is expressed as a func-
tion of the surface area and concentration. They assumed
that digsolution takes place normal to the sﬁrface of the
dissolving solid, the same effect of agitation is observed
on all areas of the solid surface, no stagnation of the
ligquid takes place in any region and the solid particles
remain intact throughout dissolution.

Hixson and Crowell pointed out that the surface area
of a particle was proportional to its weight raised to
the two-thirds power, the proportionality constant being
composed of density aﬁd volume shape factor. If the shape
factor remains constant as the particle dissolves, the
substitution of (W)2/3 for A in Nernst equation can be
made. Then under the condition that Cs>>C and D, V and h

are constant, the equation can be integrated to give:
= kt (eq. 5)

where Wo is the initial weight of the undissolved solid,
Wt is the weight of the undissolved solid at time t, and
k is a constant.

Niebergall and co-workers (24) working with various
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sizes of powders stated that the Hixson-Crowell cube root law
did not describe their data. However, the data was described
by an equation derived by making the assumption that the
thickness of the diffusion layer in the Nernst-Brunner
equation was proportional to the square root of the mean
volume diameter. Niebergall and Goyan (25) extended this
law to apply it to a multiparticulate system. The useful-
ness of the above equation has been shown by many workers
including Parrott and co-workers (26), Goldberg and co-
workers (27, 28), and Clements and Stanski (29).
Danckwerts' (30) model derived for dissolution of a

gas in a liquid assumes that transport of solute away

from the solid surface is achieved by means of macroscopic
packets of solvents which attach themselves to the surface.
It is proposed further that free diffusion takes place

into each of the packets during the short period of time

in which the packet is in contact with the surface. The
rationality of such a model is supported strongly by the
work of Fage and Townend (31), who found evidence of tur-
bulent flow in a tube as close as 0.6 u from the interface.
The validity of the model has been discussed by Dankwerts
(30) and Hanratty (32). Johnson and Huang (33) demon-
strated the aéplicability of the model for the dissolution
.from a flat surface into turbulent liquid. Goyan (34) using
this model derived equations for the dissolution of solids
in a multiparticulate system. The equations obtained are

capable of explaining the deviations from linearity of
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cube root plots.

Higuchi (35) has discussed the dissolution rate laws
predicted by the different mechanisms in an extensive
review of the drug release rate processes. Wurster and
Taylor (36) and Wagner (37) have also discussed the sub-
ject and Wagner alsc related it to the biological avail-
ability. Wurster and Taylor (38) in their studies of the
dissolution rate behaviour of prednisolone employed a
diffusion layer model equation as well as the double-
barrier model which was obtained by combining the inter-
facial barrier concept with the diffusion layer concept.
These investigators suggested that double barrier mechanism
better described their data on the influence of agitation
upon the dissolution_rates.

Higuchi and Hiestand (39) derived a mathematical
equation which describes the dissolution rates of fine
particles in a diffusion controlled dissolution process.
They stated that particle size distribution effects may be
taken into account by selécting a particle size distribution
function‘ that is time dependent.

Several assumptions have been made in describing the
dissolution of single particles. These include the following:
(i) the dissolution rate is diffusion controlled; (ii) the
diffusion layer thickness is the same for all particles of
the same size; (iii) the concentration change of dissolved
solid in the bulk solution is negligible at-all times; and

(iv) the effective particle shape approximates a sphere.
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From the Fick's law of diffusion (40)

=L D41rr2 dc (eg. 6)

at dr
where m is the weight of the solid particle, D is the dif-
fusion rate constant, C is the concentration of the dis-
solved solid, t is the time and r is the radius of a sphere
through which the diffusion occurs. If a is the radius
of a particle at time t, then by the steady state equation

we get:

dm :

—— = —41‘[D A .

It aAC (eq. 7)
where AC = Cs - Co. Since it has been assumed that AC is

independent of time, particle size, a, is the only variable

with time. From the volume of the particle, v, and density,

p:
dm - d(vg) - 2 da
dt dt 4mpa dt . (eq. 8)

From equations 7 and 8:

da
ap — = =DAC eq. 9
P (eg. 9)
Setting a = a, at t = 0, then integration of equation 9
gives:
a2 = aoz _ 2DACt (eq. 10)
b

Equation 10 provides a means of calculating any particle
diameter at time t, if its radius at zero time is known.

The total dissolution rate of a powder with log normal
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distribution is expressed as a function of the number of
partiéles and the mass mean radius of the particles in
the distribution. .For the general case of a micronized
powder with the distribution of particle sizes, the follow- ‘

ing equation was derived (39):

alo
faot(aoz - %E—E) 3/zn(ao)dao

alg
faso ao n(ao)dao

where Q is the fraction of powder not dissolved at time t,
alo is the radius of the largest particle at time zero and
aSo is the radius of the smallest particle at time zero,
ag is the radius of a particle at time zero and
the other symbols have already been defined.

Later on, Higuchi and co-workers (41l) tested the
theory using micronized methylprednisolone, and a reason-
ably good agreement was obtained. The differences were
believed to be due to the combined effects of agitation, ™
sedimentation, particle shapes, and the variation of the
solubility with particle size. This suggested to them that
a much better test of the equation could be provided by us-
ing emulsién droplets. Higuchi used the Coulter counter to
follow the time change in the number distribution of an
emulsion of a slightly miscible liquid (dibutylphthalate)
in aqueous medium (42).

Edmundson and Lees (43) followed the change in particle
size of hydrocortisone acetate in suspension by means of

a Coulter counter. They made the assumption that the
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solution is an etching process in which a given surface
recedes in depth to an exteﬁt proportional to time. The
dissolution rate was expressed as diameter loss per unit
time. By neglecting the complicated factors, such as the
increasing concentration of the solution, particle shape
and higher solubility of the smaller particles, and by
vstandardizing the variables such as temperature and degree
of agitation, it can be assumed that diameter will decrease
linearly with time and that the diameter of any particle
at any time will be in conformity with the equation

dt = do - k2t (eq. 12)
where dt is the diameter at time t, do is the initial dia-
meter and k2 is a constant.

Dissolution Involving Simultaneous Phase Changes

There are a number of reports in the literature (44, 45)
where the formation of a new surface phase was noted during
the dissolution of the drug. Physical models (20) involving
the use of simultaneous.diffusion and rapid equilibria have
been successful in describing diffusion controlled kinetics
of dissolution in reactive media. The model involving a
new phase precipitation has now been employed in a number
of instances (46-49). Recently Higuchi and co-workers (50)
examined the dissolution rate behaviour of polymorphs of
methylprednisoldne. They proposed a theory assuming that
a simultaneous surface reversion of polymorph II to poly-
morph I occurs during the dissolution of polymorph II. The

theory states that as dissolution of the drug begins from
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an initially uniform mixture of polymorphs, by diffusion
across the effective liquid diffusion layer of thicknesé, h,
only Form II dissolves initially because the solution con-
centration at the solid-liquid interface is still greater
than the solubility of Form I. Thus at time zero, the
sclution concentration at the solid-liquid interface is
equal to the solubility of Form II. At later times the
l,solution concentration at the solid-liquid interface is
in between the solubility of Form II and Form I. Finally
in the steady state, the concentration at the solid-liquid
interface is approximately equal to the solubility of Form
I, and both Forms I and II dissolve at a rate proportional
to their percentages in the original mixture. |
This theory also explains why the dissolution rates
for both Forms I and II are indistinguishable, at high
stirring rates, as reported by many workers (38, 51, 52).
Higuchi and co-workers (53) investigated the theory
for the dissolution rate of polyphase mixtures and applied
it to benzoic acid-salicylic acid, the benzocaine-caffeine,l

and the benzoic acid-trisodium phosphate mixtures.
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B. FACTORS AFFECTING DISSOLUTION RATE

The physico-chemical factors which affect the dis-
solution rate may be deduced from the dissolution mechanism.

A modified Noyes-Whitney equation is:

dc

at = KS(Cs - C) . (eq. 13)

where S is the surface area and the other symbols have the
same meaning as in equation 1. By an examination of the
equation, it is apparent that the rate of dissolution is
directly proportional to the surface area, S, and the con-
centration difference (Cs -~ C). In intrinsic dissolution
rate studies, the variables which must be controlled include
surface area, agitation intensity, temperature of the sys-
tem and the volume of the dissolution medium.

Surface Area:

The dissolution rate is directly proportional to the
area‘exposed to the solvent under uniform agitation and
constant shape. Alexander (54) found a linear relationship
between the logarithm of the solubility and the surface area.
Wurster and Seitz (55) used compressed tablets containing
large pores to follow dissolution in distilled water.
Studies indicated that the surface area was not completely
exposed to the solvent due to occlusion of air. An in-
crease in dissolution rate was obtained from dissolution
media with a lower surface tension than water.

The mechanism of solution involves surface action and

a given solute will dissolve more rapidly (56) if the surface
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area is increased. Several investigators (57-62) reported
an enhanced dissolution and biological availability of
water insoluble drﬁgs when the particle size of these
drugs was reduced. The usefulness of the solid state
dispersion of drugs has been demonstrated in a number of
recent publications (63-68). The increase in dissolution
rate appears to be due to the reduction of particle size,
thus increasing the surface area for dissolution. The
relationship between the particle size, dissolution and
‘drug availability is well recognized and many articles
have been published (69-71).

Agitation Intensity:

From the earlier discussion on the dissolution mechan-
ism, it becomes apparent that agitation conditions will
affect diffusion controlled dissolution. An increase in
the rate of stirring should be accompanied by a decrease
in the diffusion layer thickness, 6, in the Nernst-Brunner
equation. Several authors (23, 38, 72-75) have reviewed
the literature concerning the effect of agitation speed on
the velocity of heterogeneous reactions and the kinetics
of dissolution and many of them have expressed their results
in a power relation of the form,

K = @
where K is the reaction rate, N is the agitation or stirring
rate, and a is a constant. When the reaction is diffusion

controlled the value of 'a' has been found to be approximately

equal to 1. The value of the exponent, a, varies with the
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type of agitation used, as pointed out by Hixson and Baum
(76, 77). Their study together with the observations of
Garner and Hoffman (78) showed that the value of the exponent
also depends on the characteristics of the fluid motion
in the boundary layer. Levy and co-workers (79, 80) have
pointed out the need for ascertaining the correct agitation
rate so as to achieve correlation between in vivo and in
vitro data. Hamlin and co-workers (51) determined the in
vitro dissolution rate of two methylprednisolone polymorphs
which were shown to have significantly different in vivo
dissolution rates when implanted as pellets in rats. These
workers, using the pellet method for dissolution study
which has a very low degree of agitation, observed a dif-
ference in the in vitro dissolution of the two polymorphs.
No significant differences in the dissolution rates were
observed when other methods having higher degree of agitation
were employed. Levy and Procknal (52) developed the concept
of "rotating disk equivalent" or RDE, in which the intrinsic
dissolution data for methylprednisolone obtained using the
rotating disk method over a wide range of stirring was
used as a standard.

From the assumption of Nernst that § is a function of
the rate and type of stirring, K should be proportional to
the coefficient of diffusion of the solute and hence in-
versely proportional to the viscosity of the solution.
Results in agreement with these views have been obtained

(15, 81). Several equations have been derived that show
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the dissolution rate to be a function of viscosity raised
to some power (12, 82, 83).

There are several other factors affecting the rate of
dissolution of drugs. These include the following: the
concentration gradient, that is, the difference in con-
centration between the solubility of the drug in the dis-
solution medium and the average concentration in the bulk
fluid. Any means wheréby the solubility of the drug can
be increased or the uonceﬁtration in the bulk fluid can
be reduced, will cause a corresponding increase in the
dissolution rate. Considerable evidence has been presented
to show that the initial rate of dissolution is directly
proportional to the solgbility of the compound in the
dissolution medium (84).

The saturation solubility of weakly acidic and basic
drugs will vary with the pH of the dissolution medium. The
dissolution rates of several weak acids and their sodium
salts in aqueous solutions having pH values close to those
of the gastrointestinal fluids were reported by Nelson
(85). The effect of pH was reported for the dissolution
of commercial warfarin tablets by O'Reilly and co-workers
(86) .

Parrott and co-workers (26) studied the dissolution
rates of benzoic acid in the presence of unreactive additives
in the solvent phase. Surface active agenﬁs, at concentra-
tions in excess of critical micelle concentration have been

used and enhanced dissolution rates have been observed by
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many investigators (87-89).
It has been reported (90) that if a heterogeneous

reaction is diffusion controlled, the 10°C temperature

coefficient will be close to 1l.3.

C. DISSOLUTION METHODS

The dissolution apparatus suitable for both research
and quality control should be economically practical. It
must be capable of giving reproducible intensities of
agitation and should also be flexible in effective degree
of agitation. Cook (91) has stressed the need for a suit-
able dissolution apparatus for pharmaceutical control.

In order to get a suitable dissolution apparatus for
a particular study, almost every team of scientists working
in this field have devised their own dissolution apparatus
and method.

Hersey (92) in 1969 has attempted to classify the dis-
solution methods on the basis of whether dissolution process

Jccurs under sink or non-sink conditions, and on the type
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of agitation. The dissolution methods discussed below
are based upon whether convection is natural or forced.

1. Natural Convection Methods

Solvometer Method:

In 1932, Klein (93) determined the dissolution rate of
a compressed tablet. One year later, Elliott (94) used
Klein's apparatus which Elliott called a "Solvometer".
It consisted essentially of a "boat" immersed in the dis-
solution medium. The tablet was placed in the boat, and
as it dissolved, the loss in weight was continuously read
directly on a scale. The technique does not requiré an
assay method and modifications of the technique were sub-
sequently made.

Hanging Pellet Method:

The hanging pellet method was. first described by Nelson
(85). The method consisted of attaching a compressed flat
faced disk of the drug under study to an aluminum strip
by means of wax so that only the upper circular face of
the disk was exposed. The strip was suspended from one
arm of a balance so that the strip and the pellet were
completely immersed in the dissolution medium. The dis-
solution was followed by recording the weight loss of the
pellet over a period of time. It was possible to show sig-
nificant differences between the dissolution rates of weak
acids and their sodium salts.

Nelson (95) used this technique to study the enhancement

of the dissolution of the weak acids when formulated as
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mixtures with tribasic sodium phosphate.

Using the hanging plate method, Morozowich and co-
workers (45) were able to demonstrate a relationship be-
tween the in vitro dissolution rate of certain salts of
benzphetamine and eryptamine and the median lethal time
of death in mice. Hamlin and co-workers (51), using this
method, were able to distinguish between the two poly-
morphic forms of methylprednisolone that had significantly
different in vivo dissolution rates when implanted in
rats. |

Nelson (62) used the hanging pellet method and showed
a direct relationship between the excretion rates of sev-
eral tetracyclines administered as pellets and their in
vitro dissolution rate.

Static Disk Method:

Wagner (96) gave an equation to describe the average
rate of dissolution per unit surface area from a rectangular
surface suspended vertically in dissolution medium under
static condition.

R' = 0.726 D C_ ( ﬁgz-%‘% y1/4 (eq. 14)
where R'n is the mean rate of dissolution per unit surface
area, H is the height of the rectangular plate, n is the
viscosity of the diffusion layer, Ap is the difference in
the density between the diffusion layer and the bulk solu-
tion, g is the gravitational constant, Po is the density of

the dissolution medium, D is the diffusion coefficient of
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the solute, and Cq is the concentration of a saturated
solution of the solute in the dissolution medium. Wagner
verified the equatidn by determining weight loss of thin
plates of rock salt suspended vertically in unstirred
water on a spring balance by means of a silver wire. It
was concluded that under such conditions diffusion and
natural convections due to the density difference between
a saturated solution and the pure water are-the rate det-
efmining factors.

The static disk method developed by Levy (75) is closely
related to the hanging plate method. Levy described the
procedure and used a non-disintegrating disk or tablet.

The method has also been used by Gibaldi and co-workers (97).
Joghar and co-workers (98) used an adaptation of the static
disk metﬂod for slow release tablets of potassium chloride.

Sintered Filter Method:

Cook (99) used a medium porosity sintered filter funnel
filled with 500 ml of gastric fluid. The tablet was intro-
duced so as to rest in the centre of the sintered glass
‘surface. The dissolution medium moves past the dosage form
in the filter funnel under gravity, without any externally
applied agitation. Cook and co-workers (100) compared the
sintered funnel method and the stationary basket method
using five samples of hydrochlorthiazide tablets. They ob-

tained a slower dissolution rate with former method.
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2. PForced Convection Methods

Rotating Disk Method:

This method, described by Levy and Sahli (10l), requires
a 0.5 inch diameter plane faced tablet to be mounted in a
plexiglas holder with paraffin wax so that one plane sur-
face is exposed to the dissolution medium. The holder is
attached to a metal shaft driven by a constant speed motor.
The constant speed motor turns the tablet in a fluid at a
known angular velocity.

Levich (102) in 1962, assuming laminar flow and dif-
fusion controlled process, derived an equation called the
Levich equation for the rotating disk.

2/3 V—l/6 wl/2

J = 0.62 D C (eq. 15)

s
where J is the rate of dissolution, D is the diffusion co-
efficient, v is the kinematic viscosity, w is the angular
rotation and Cs is the solubility of the compound in the

dissolution medium. Gregory and Riddiford (103) derived

the following equation.

3 = 1.61 &3 /¥4 03503 ¢ (eq. 16)

S

where the symbols have the same meaning as described above.
Because of the variations of the dissolution rate

with the rotation rate of the tablet, a prgcision apparatus

was developed by Levy and Tanski (104). Wood and co-workers

(105) later described a compression assembly which also

served as a tablet holder. Paikoff and Drumm (106) de-

scribed a stirrer suitable for holding a capsule during
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dissolution.

Several investigators (52, 75, 97, 107-109) used the
rotating disk method to study the intrinsic rate of dis-
solution of drugs in a variety of media.

Simonelli and co-workers (110), in 1969, used the
reverse rotating disk method or static disk with an ex-
ternal agitation method. In this case the solution is
stirred while the holder remains stationary. The same ap-
paratus was used by Higuchi and co-workers (53) in an in-
vestigation of the dissolution rate of drugs in polyphase
mixtures. Desai and co-workers (111) and also Lapidus and
Lordi (112) reported other dissolution systems in which
dissolution medium flows over one surface of the disk or
tablet.

Rotating Bottle Method:

Souder and Ellenbogen (113) devised the rotaﬁing bottle
method to follow the release of dextroamphetamine sulphate
from sustained release pellets. Samples of the pellets
were placed in 90 ml bottles containing 60 ml of a suitable
dissolution medium. The bottles were turned end over end
at 40 r.p.m., by placing them in a rack at 37°C in a con-
stant temperature water bath. Other workers (114, 115)
have used the method with different sizes of containers and
rates of rotation.

Over the years thére have been several critics of the
rotating bottle method. Hamlin and co-workers (51) claimed

that the intensity of agitation may be too great, thereby
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obliterating any in vitro differences that one might expect
if in vivo differences were shown between the products.

Rosen and Swintosky (116) used radio-isotope tracers
to follow the in vitro dissolution of drugs from sustained
release dosage forms. Similar approaches were made by
Rosen (117), and Montgomery and co-workers (118), for
finding the in vitro release characteristics of radio-
labeled drugs.

The National Formulary XII (2nd supplement) (119)
included the rotating bottle method as an in vitro test
procedure for timed release tablets or capsples.

'Higﬁchi and co-workers (41l) used a similar technique
to study the dissolution of micronized methylprednisolone
in order to confirm their theoretical model proposed for
dissolution of finely powdered drugs.

Ferrari and Khoury (120) and other workers (121) re-
ported some modifications of the rotating bottle method.

Beaker Method:

The beaker method was originally used by Parrott and
co-workers (26) for the dissolution of pure benzoic acid,
and later by Nelson (95, 122).

However, in its present form as used for tablets, the
procedure may be credited to Levy and Hayes (123). A 400 ml
beaker containing 250 ml of dissolution medium at 37°C
was used. The agitation was provided by means of a three
blade polyethylene stirrer. The tablet is normally allowed

to disintegrate and total dissolution rate determined. By



27

mounting a hard pellet of the drug on a glass slide so
that only one surface is exposed, the method may also be
used for intrinsic dissolution rate measurements (95, 122,
124).

The method is one of the simplest and most widely used
techniques for carrying out dissolution rate studies.
The method has been used by Levy and co-workers (125~127)
in obtaining dissolution data on a wide range of materials.
The method with some modifications has been used by many
workers (128-131). |

Oscillating Tube Method:

The oscillating tube for dissolution rate studies is a
modification of the official Gershberg-Stoll (132) apparatus ’
used for disintegra;ion test. Broadhead and co-workers (133)
used the disintegration apparatus of the British Pharma-
copeia (134) for dissolution studies. The method with
various modifications has been used by many investigators
(135-142). The National Formulary XIII (143) describes a
dissolution test based on the Gershberg-Stoll apparatus.

Rotating Basket and Stationary Basket Methods:

Searl and Pernarowski (144) described a rotating basket
apparatus which is based on the beaker method of Levy and
Hayes (123). The rotating basket assembly is included in
the National Formulary XIII (143) as one of the two official
dissolution methods, and is the official method of the
United States Pharmacopeia XVIII (145).

A stationary basket method was described by Cook and
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co-workers (100) and was employed by Middletén and co-workers
(146) in studyingmthe in vitro dissolution rates of the
formulations of para-amino salicylic acid.

Tape Method:

This method was first described by Goldberg and co-
workers (147). The dissolution apparatus consisted of a
600 ml beaker with two stainless steel sliders. A pressufe
sensitive tape was fastened to a wire frame and this was
mounted into the sliders in the beaker. A constant‘speed
motor attached to a laboratory jack allowed the motor to
be raised and lowered and to positionlthe stirrer paddle
in the dissolution medium. .Dissolution of particles of
benzoic acid and salicylamide scattered on the surface of
the tape was followed in 400 ml water maintained at 37°C.
Goldberg and co-workers used the method in further studies
(27, 28, 65).

Clements and Stanski (29) used this method for dis-
solution studies of phenobarbitone polymorphs, maintaining
‘essentially sink conditions.

Direct Particle Size Measurement:

Edmundson and Lees (43) developed a direct method for
determining the solution rates of fine particles that did
not require the particles to be of specified size, shape or
uniformity. The Coulter counter described by Coulter (148)
was used for determining the solution rate.

The Coulter counter has been used extensively for size

analysis of a wide variety of particulate materials in
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suspension (149-154). Higuchi and Saad (155, 156) used the
Coulter counter to determine the solubility and dissolution
rate of cholesterol in aqueous medium. The Coulter counter
was employed to follow the particle size distribution within
an undersaturated cholesterol suspension system. Later,
Higuchi (42) used the Coulter counter to measure the diameter
of emulsion droplets in the micron range, in order to verify
the theory developed to explain the efféct of the distri-
bution of the particle size upon a diffusion controlled
dissolution process.

Recently Piccolo and Tawashi (157) used the Coulter
counter to study the dissolution rate of poorly water sol-
uble drugs in the presence of water soluble dye.

Miscellaneous Methods:

Wurster and Polli (158) described a method which was
identical to that of Parrott and co-workers (26) but used
charcoal or bentonite in the dissolution medium to adsorb
dissolved benzoic acid.

Marlowe and Shangraw (159) used a dialysis cell similar
tb that reported by Fatel and Foss (160) to determine the
effect of additives on the dissolution from sodium sali-
cylate tablets. Broadhead and co-workers (133) described
the use of "metabolic shaker" as a convenient means of agi-
tation, for dissolution studies. Macdonald and co-workers
(161) employed a V-shaped transparent plastic cylinder to
follow the in vitro dissolution of various tetracycline

tablets.
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Tawashi (162) has described a method in which a single
large crystal is suspended in solution, and the decrease in
size of the crystal is measured by an optical system.
Piccolo and Tawashi (163) employed this method to invest;-
gate the effect on the dissolution of single crystals of
sulfathiazole, phenobarbitone, thymol and sulfaguanidine.

Automatic Methods:

Automatic dissolution procedure involves a circulation
of the dissolution medium through a cell, filter and a suit-
able measuring device. The circulation fluid generally pro-
vides the necessary agitation. The first flow-through
dissolution cell was probably that of Wiley, as reported by
Myexr.: (164). The apparatus consisted of a stoppered cyl-
indrical tube with a glass wool filter above the bottom
outlet and an outlet for returning the fluid to the reservoir.
The apparatus was immersed in a water bath at 37°C. A pump
was used to circulate the fluid. A modification of this
apparatus was reported by Baun and Walker (165).

By modifications of the basic method of Levy and Hayes
(123), Niebergall and Goyan (25) developed an automatic re-
cording apparatus for use with the beaker method. Using
this apparatus Neibergall and co-workers (24) obtained dis-
solution data on drug particles of different size fractions.
Richter and co-workers (166) described an automatic beaker
method, operating under sink conditions;

Pernarowski and co-workers (167) reported an automated

version of the rotating basket method assembly in which a
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variable speed pump was used to take the test fluids
directly to a collection container or through a flow cell
in a spectrophotometer.

Automatic dissolution systems based on the official
disintegration apparatus have been described by Schroeter
and Wagner (168) and Schroeter and Hamlin (169).

Barzilay and Hersey (170) developed an automatic dia-
lysis method. With this method the disadvantages inherent
in the manual discontinuous operation of dialysis method
of Marlowe and Shangraw (159) were overcome.

Tingstad and Riegelman (171) described an apparatus
for the study of dissolution rate under continuous flow.

The effects of particle size, surfactant concentration and
flow rate on the dissolution behavior of prednisolone pow-
der and prednisolone tablets were observed.

Ullah and Cadwallader (172) developed a three compart-
mental apparatus for dissolution studies of slightly soluble
powders under sink conditions. The apparatus was designed
to include an organic phase in which the drug is very sol-
uble, thus producing a sink condition. A barrier in the
dissolution medium was also included in the apparatus, which
prevented floating powders from entering and dissolving
directly in the sink phase.

McClintock and co-workers (173) described a continuous
method for radio-isotope labeled materials, using techniques
earlier applied by Rosen and Swintosky (116).

Many workers (174-176) described vertical column apparatus
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for dissolution rate studies. Lerk and Zuurman (176) in-
vestigated the influence of pulsation on the dissolution
rate measurement in column type apparatus and suggested
that momentum pumps should be used instead of displacement
pumps so that results found at different times in different

laboratories can be compared.

D. POLYMORPHISM

The discovery of polymorphism (177) dates back to 1798,
when Klaproth observed that calcium carbonate crystallizes
both as calcite and aragonite. Humphrey Davy in 1809 pointed
out that diamond and graphite are both carbon and differ
only in their arrangement of carbon atoms in the solid
phase. Mitscherlich (178) in 1822 first used the term poly-
morphism during his work on the isomorphous sulfates of
iron (ferrous), cobalt, nickel, magnesium, copper, zinc and
manganese.

Many authors have systematically studied different

classes of compounds exhibiting polymorphisms. It has been
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stated that organic molecules readily exhibit polymorphism
due to their complex molecular and structural arrangement
(179, 180). Each polymorphic structure of a substance
generally possesses a different molecular arrangement,
melting point and solubility. Mesley and co-workers ex-
tensively studied the polymorphism of steroids (181, 182),
barbiturates (183, 184) and sulphonamides (185). Brandstatter-
Kuhnert and co-workers reported on the polymorphisms of
steroids (186-188), antihistamines (189) and barbiturates
(190-192). Huang (193) érepared four forms of phenobarbi-
tone by microsublimation procedure, and two more forms by
crystallization from super-cooled melt (194). In 1959
Cleverly and Williams (195) reported on the polymorphism
exhibited by twenty barbituric acid derivatives.

Among the steroids, spectral evidence of polymorphisms
of cortisone acetate (196, 197), oestradiol (198), ethinyl-
oestradiol (199,A200), methylprednisolone (201) and several
other compounds, have been shown (202, 203). Shell (204)
in 1955 reported that there was no evidence of polymorphism
in hydrocortisone acetate. However, an unstable solvate
crystallized from dimethylformamide solutions. 1In 1965,
Brandsté@tter-Kuhnert (205) reported that polymorphism was
observed in 16 of 40 sulfonamides, in 63% of 38 barbiturates
and in 67% of the 48 steroids studied.

1. Methods Used to Study Polymorphism

A number of techniques have been used to identify

different polymorphic phases of a compound. Although each
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of these techniques is capable of successfully identifying
each crystalline modification, a combination of several
techniques has usually been used.

Melting Point Determination:

This method is probably the least reliable for identi-
fication of the various polymorphic structures because of
the possible presence of impurities in the sample, or the
effect of elevated temperatures on the crystalline structure
of the compound. In capillary-tube melting point deter-
minations polymorphic transitions may not be detected.

Optical Microscopy:

Different polymorphs of a crystal may belong to one of
the two classes, isotropic and anisotropic, depending on
the effect of transmission of light in different directions
through the crystals. Different polymorphs do have different
sets of refractive indices (206). Trivedi and co—workers
(207) have reported the optical crystallographic properties
of ouabain hydrates. Optical crystallographic properties
were determined for National Formulary X drugs exhibiting
polymorphism (208). Witt and Poe and co-workers (209-213)
found the opﬁical crystallographic properties of organic
compounds of pharmaceutical interest. Reffner and McCrone
(214) tested a number of compounds for their optical crys-
tallographic properties and found polymorphism to be pre-
valent with some of the compounds tested. Rose and Van Camp
studied the optical crystallographic properties of rauwolfia

alkaleids (215-219), antibiotics (220, 221) and other
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compounds of pharmaceutical interest. Optical crystal-
lographic properties have been used to aid in predicting
molecular orientations in the solid state (222, 223).

Hot stage microscopy became a very useful tool for
investigating polymorphism. By the use of the polarizing
microscope fitted with a hot stage, it is possible to
detect polymorphism and often to obtain the transition tem-
perature and the melting point. The "thermomicromethod"
studies of polymorphic modifications of organic compounds
was reported by Kofler (224). With this method Brandstatter-
Kuhnert and Kofler (225) noted that 11 of the 16 hormones
studied were polymorphic and 3 were present in commercial
products in the unstable modification.

Infrared Spectroscopy:

Many authors (182, 183, 195, 226—229) have used infra-
red spectroscopy to study polymorphism. The technique is
claimed to be rapid as well as gqualitative and gquantitative
(226). It has generally been reported that care must be
taken in preparing potassium bromide disk for infrared
analysis to avoid excessive grinding (230).

X-ray Powder Diffraction:

X-ray powder diffraction is one of the most widely
used techniques after optical microscopy. X-rays are a
form of electromagnetic radiation with wave lengths inter-
mediate between ultraviolet rays and gamma rays. X-rays
are diffracted by the crystal just as visible light is

dispersed into a color spectrum by a ruled grating. Each
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powder pattern of the crystal lattice is characteristic for
a given polymorph. This technique Has the advantage over
the other identification techniques in that the sample is
examined as presented and as the method is non destructive,
the sample can be recovered. Several investigators (231,
232) have used this technique to identify the polymorphs
of medicinal substances.

Differential Thermal Analysis (DTA):

Ever since its inception, the method of differential
thermal analysis (DTA) has been used extensively for quali-
tative-and quantitative study of processes invol&ing heat
changes (233). The enthalpic changes observed in DTA are
caused by phase transitions and may be either exothermic
or endothermic. For example fusion, boiling and solid-solid
transition produce endothermic effects, whereas crystal-
lization produces an exothermic effect (234). Many workers
(229, 235) have used this technique, in combination with the
other techniques, to determine the thermodynamic transition
from one polymorph to another. Using DTA, Guillory (236)
obtained the heats of transition of methylprednisolone
and sulfathiazole polymorphs. Verma (237) determined the
heats of fusion for a group of organic compounds. Sakurai
and Yabe (238) have calculated the heat absorbed in the
solid phase transition and fusion of n-hexadecanamide.
Guillory and co-workers (239) have used DTA for detection
of possible interactions between pharmaceutical compounds.

Other quantitative applications have been reviewed by
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Murphy (240).

Other common identification techniques for polymorphs
include: dilatometry, proton magnetic resonance (PMR)
spectroscopy, nuclear magnetic resonance (NMR) spectroscopy,
solubility and dissolution rate.

Ravin and Higuchi  (241) used dilatometry to follow the
melting behavior of theobroma oil. The PMR spectra of the
crystal modifications of chloramphenicol palmitate were
recently reported by Borka (242). Rudman and Post (243),
using NMR spectroscopy technique, found that cyclooctanone
exists in three distinct crystalline phases.

2. Crystal Structure and Dissolution

It has been demonstrated that the absorption and thera-

. peutic efficacy of various drugs can be influenced by the

solubility and the dissolution rate (244-246). Recent re-
ports stress the effect of crystal forms on drug availability
(247, 248). McCrone (249) has reported that the thermal
stability of a drug depends on the polymorphic form and

that "often the performance of a given compound can be im-
proved'through change to a different polymorphic form".

Many investigators have used solubility determinations to

characterize the different modifications of medicinal com-

pounds. Using this method, thermodynamic values for transitions

from one form to the other form were also calculated (250).
'Each'polymorphic form of a substance possesses a dif-
ferent‘molecular arrangement and solubility, and therefore

generally has a different in vivo availability. The free



38"
energy of a metastable polymdrphic form exceeds that of
the stable form and with this is associated the higher
solubility of the metastable form.

The influence of the crystalline form on the dissol-
ution rate was first observed by Wilderman (16) and later
by Gross (251). The rate of solution and solubility of
calcium sulfate in béth the anhydrous and hydrated forms
was measured by Roller (10, 11). He found that the anhydrous
fgrm exhibited a solubility of about 1.5 times the solubili-
ty of the hydrated form. The relative rate of release at
the interface of the crystalline forms was suggested as
the reason for this difference in solubility. Taylor and
Henderson (252) and Hill (253) reported the physico-chemical
properties of the crystalline forms of calcium nitrate and
calcium sulphate.

More recently, studies have been made of the organic
compounds in the anhydrous and hydrated forms. The an-
hydrous form of phenobarbitone and two of its hydrates
were examined by Eriksson (254) for apparent solubility
in water as a function of time. Shefter and Higuchi (255)
examined quantitatively the relative dissolution rates of
some solvated and non-solvated organic medicinal compounds
using a fine multiparticulate system. From the study
they observed a definite difference in the dissolution rates
of the crystal forms. However, it would be impossible to
quantitate these differences because of the uncontrolled

surface area and rapid dissolution rate of these materials.
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These workers also determined the thermodynamic properties.
of several of these crystal forms. |

Poole and Bahal (256, 257) reported the dissolution and
solubility behavior of the anhydrous and trihydrate forms
of ampicillin and also of the anhydrous and dihydrate forms
of WY-4508, an aminoalicyclic penicillin.

Hamlin and co-workers (51) studied the dissolution
rate of two polymorphic forms of methylprednisolone. They
reported that the differences in the dissolution rates of
methylprednisolone polymorph I énd II observed at low agi-~
tation intensities disappeared at higher agitation in-
tensities. '

Levy and Procknal (52) suggested that the results ob-
tained by Hamlin and co-workers (51) could be due to loss
of sensitivity encountered with the apparatus and method-
ology used or to an intrinsic property of the polymorphs.
Using the rotating disk method, these workers also determined
the dissolution rates of methylprednisolone polymorphs I and
II, as a function of the rate ofirotation. Their experi-
mental data confirmed the observations made by Hamlin and
co-workers that differences in the dissolution rate of
methylprednisolone polymorphs diminish at higher agitatioh
intensities and are due to an intrinsic property of the
drug and are not caused by a particular apparatus or method-
ology.

Wurster and Taylor (38) reported the dissolution rate

of three crystalline forms of prednisolone, By determining
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‘the relative dissolution rates of these crystal forms
under different agitation intensities, it was suggested
that the dissolution process could be described by conse-
cutive processes which involve reaction at the interface
and transport away from the interface.

Higuchi and co-workers (50) later proposed the answer
to the "anomalous" dissolution rate behavior observed with
different agitation conditions. Working with polymorphic
forms of sulfathiazole and methylprédnisolone, the authors
proposed a theory to account for dissolution from a mixture
of two polymorphs. The theory wés the extension of that
discussed by the authors for the dissolution behavior of
polyphase mixture (53).

Milosovich (250) employed dissolution rate measurements
to determine the solubility of metastable sulfathiazole
polymorph. Thermodynamic data for both the forms of sul-
fathiazole were obtained.

Nogami and co-workers (258) proposed a model to des-
cribe the dissolution phenomena using p-hydroxy benzoic
acid and phenobarbitone which change to their respective
hydrates during dissolution. Using this model they obtained
the solubility of anhydrous forms. The thermodynamic func-
tions of the transition from anhydrate to hydrate form were
determined. Nogami and co-workers (259) also determined
the dissolution rate constants of barbitone polymorphs in
water using the rotating disk method. Examining the rate

constants, it was found that the dissolution of phase I
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does not accord with Levich's equation (102). They con-
cluded that the phenomena may not be fully interpreted by
the diffusion process mechanism only. By combining the
Levich equation and the concept of consecutive process, .
the authors calculated the diffusion coefficient and the
rate constant of interfacial chemical reaction and that
of transport process.

Clements and Stanski (29) found the dissolufion rate
of four polymorphs of phenobarbitone, using the tape
method for dissolution studies, and observed a higher
dissolution rate for two of the metastable forms.

Aguiar and Zelmer (246) measured the relative rates
of dissolution and solubilities of three polymorbhic forms
of chloramphenicol palmitate and two polymorphs of mefe-
namic acid. The thermodynamic relationships involving the
transition of the metastable form to the stable one were
reported.

Mitchell and Saville (124) reported the variation in
the intrinsic dissolution rates of commercial aspirin,
and later suggested that polymorphism was a possible cause
(260). During the determination of the solubility of
aspirin, a pattern of dissolution was observed, which sug-
gested that aspirin undergoes phase changes. Griffiths
and Mitchell (261) reported this solvent-mediated phase
change when aspirin crystals are dissolved in agueous medium.

It is suggested that phase change is caused by the crystal-

lization of a less soluble form on crystal surfaces during
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dissolution.

3. Crystal Structure and Drug Availability

While investigating the physico-chemical analysis of
percutaneous absorption from creams and ointments, Higuchi
(262) found that the maximum penetration rate of a drug
is obtained by using the crystal form with the highest
thermodynamic potential. It was suggested that the use
of a more energetic metastable form is advantageous.
Ballard and Nelson (263) demonstrated the influence of
polyﬁorphism on the solubility of methylprednisolore and
found that the metastable form (Form II) has 1.2 times the
solubility of the stable form (Form I). They implanted
pellets of two polymorphic forms of methylprédnisolone in
rats and found that form II was absorbed 1.7 times faster
than Form I. Ballard and Biles (264) studied the in vivo
absorption rates of hydrocortisone tert-butyl acetate and
prednisolone tert—bufyl acetate and their solvates by the
pellet implantation technique. Solvates of these compounds
gave different solid drug absorption rates.

Aguiar and co-workers (248) reéorted the existence of
three crystalline polymorphs 6f chloramphenicol palmitate.
They investigated the in vivo absorption of polymorphs A
and B, and found a higher in vivo absorption rate with
form B. Their experimental data also demonstrated that
absorption is influenced by the type and concentration of
the polymorph present. Anderson (265) had previously

examined several commercial preparations and powders of
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chloramphenicol palmitate. It was found that the thera-
peutic inactive preparations contained polymorph A, the in-
active form.

The biological availability of ampicillin after oral
administration to laboratory animals and human subjects
appears to correlate with the physico-chemical character-
ization of the solubility and the dissolution rate noted
for the anhydrous and trihydrate forms. As suggested, the
higher aqueous solubility of anhydrous form is probably
the'major factor responsiblé for the enhanced in vivo
availability noted for this form of the drug (247).

Hamlin and co-workers (51) determined the in vitro
and in vivo dissolution rates of two forms of methylpredni-
Solone. The in vﬁvo results showed a higher dissolution rate
for the metastable form than for the thermodynamically |
more stable form.

Haleblian and Biles (266) compared the physical pro-
perties and biological activities of some of the crystal-
line phases of fluprednisoloneAand found that the ratio of
in vitro dissolution rate for the highest and the lowest
energetic phases was 2.24. The ratio between the highest
and the lowest energetic phases for in vivo dissolution rate
was found to be 1.61.

It has been also suggested that polymorphism in aspirin
may be involved in differences in in vivo availability (267).
Tawashi (162) has reported that Form II dissolves 50%

faster than Form I.
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When a drug can exist in either the crystalline and/or
the amorphous form, the in vitro and in vivo dissolution
rate of both the forms generally differ. Mullins and Macek
(268) found that the stable crystalline form of novobiocin
did not yield adequate blood levels on oral administration.
However, when administered as a metastable amorphous form,
novobiocin was better available for gastrointestinal ab;
sorption. The differences in availability were thought
to be due to the differences in the water solubility of
the two forms.

It is reported that the crystalline form of chloram- .
phenicol stearate and chloramphenicol palmitate are thera-
peutically inactive and oniy_the amorphous forms of these
two compounds are hydrolysed in the gastrointestinal tract
to chloramphenicol (269). Glazko and co-workers (270)
pointed out that the rate of hydrolysis of chloramphenicol
palmitate is an essential factor in cohtrolliné the rate

of absorption of the free alcohol.
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E. AIMS AND OBJECTS OF THE PRESENT STUDY

Thelparticular aim of this stﬁdy was to investigate
the dissolution characteristics of powdered drﬁgs. Speci-
fically, the study was undertaken to show the effect of
crystal modifications on the dissolution behavior of mepro-
bamate, and to make use of multichannel Coulter counter
assembly for the rapid size distribution of pharmaceutical
materials and for determining the dissolution rate of pow-
dered drugs.

Physico-chemical evaluation of meprobamate was made
and included the identification of the two crystalline
fdrms. Studies were conducted to investigate the relative
dissolution behavior of the two forms in distilled water.

It was also'the purpose of the study tb develop a
sensitive analytical procedure for the determination of
meprobamate in aqueous solutions for its dissolution rate
studies.

A 128 multichannel Coulter counter assembly was evalu-
ated with materials having a narrow size range and also
with materials having a wide size range. With the multi-
channel Coulter counter assembly, the speed of data ac-
gquisition was greatly increased over the conventional
Coulter counter method, which suggested its use for studies
of the dissolution of powdered drugs by following the change

in the particle size distribution of the materials.
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A. PHYSICO-CHEMICAL STUDIES OF MEPROBAMATE

1. Preparation of Polymorphic Forms of Meprobamate

The meprobamatea was dissolved in hot water and filtered
immediately. The deposited crystals, after cooling the sol-
ution, were collected and dried under vacuum. This was de-
signated as Form I. A second form was prepared from Form
I, by crystallization from a super-cooled melt.

Form I of meprobamate was fused in a china crucible
placed in a temperature controlled oven at 110°C.. When the
substance was completely fused, it was poured immediately
onto a cold petri glass plate. This was left overnight at
room temperature to solidify. The solidified mass was care-
fully crushed with a spatula. The crushed powder was screened
to obtain the desired sieve fraction.

Elemental Analysis:

Elemental analysis was performed on both the forms of
meprobamate. The instruments used were the Coleman Carbon-
Hydrogen Analyserb and the Coleman Nitrogen Analyserb.

2. Characterization of the Polymorphic Forms

Several methods were used to distinguish the two crystal
forms. These were:

(a) melting point determination;

(b) infrared spectroscopy:

(c) X-ray diffraction pattern;

(d) differential thermal analysis;

@Frank W. Horner Ltd., Montreal, Canada

brisher Scientific Co., Ltd., Toronto, Canada.
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(e) solubility determination;
(f) dissolution rate determination.

Melting Point Determination:

Capillary tube melting point determinations were made
using a Hoover® melting point apparatus.

Melting point determinations were also made using a hot
stage microscope. A Leitz microscopeb with a hot stage was
used. A small amount of sample was placed between a slide
and a cover slip, and the slide was placed on the hot stage.
The sample was observed through the microscope as it was
heated at a constant rate up to the fusion point.

Infrared Spéctroscopy:

Infrared spectra of Form I and Form II of meprobamate
were recorded as potassium bromide disks. The disks were
prepared using a Beckman potassium bromide die and Carver
Laboratory Pressc, Model B, at a pressure of 60,000 PSIg.
The sample-potassium bromidé ratio employed was 1.5 to 200.

A Beckman IR-10 spectrophotometerd was employed for
recording spectra. The instrument employs two precision
replica gratings in a single monochromater. The first
grating operates from 4000 to 600 cm—l, and the second from
650 to 300 cm—l. For calibration of the wave length axis,

polystyrene film was used.

aa.H. Thomas Co., Philadelphia, U.S.A.
bLeitz and Co., Ltd., Germany
CFred S. Carver Inc., Summit, New Jersey, U.S.A.

dBeckman Instrument, Inc., Fullerton, California, U.S.A.
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X-ray Diffraction Pattern:

Crystalline materials in the powder form give character-
istic X-ray diffraction patterns. From the 2 6 values of
these peaks can be calculated the distance, d, for the
different planes of the crystal, using the Bragg equation,
nx = 2 d sin 6, where the wave length of the X-ray source

is known. Each powder pattern of the crystal lattice is

‘characteristic of a given polymorphic form.

Powder photography and powder diffractometry were used
for this study. The nickel filtered CuKo radiation was
employed.

For obtainipg powder photography a sample of powder pas-
sing through a 400 mesh sieve, for both the polymorphic
forms, was separately loaded into a pyrex glass capillary
tube of 0.4 mm o.d., having a very thin wall (0.01 mm) .

The capillary tube was filled up to one cm depth. The glass
éapillary was then mounted on the axis of a 57.3 mm radius
Debye-Scheerer powder camera®. The sample was then exposed
to CuKa radiation for 2 hours.

For powder diffractometry, a Norelco diffractometer?
was employed. The powder sample was packed into a planchet
having a dépression 1 mm depth, 10 mm width and 20 mm length.
The flat side of the spatula was used to pack the powder and
to smooth it so that a uniform level surface was presented

to the X-ray beam. The instrument variables of the

aNorelco Philips Electronic Inc., South Fulton, New York,

U.S.A.
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diffractometer were set as follows:
(a) 1° beam slit and 4° detector slit; and
(b) CuKo radiation, 35 kv., 15 ma., Ni filtered.

Differential Thermal Analysis:

In differential thermal analysis (DTA) heat loss or
gain resulting from physical or chemical changes occurring
in a sample is recorded as a function of temperature or of
time as the substance is heated at a uniform rate.

The Du Pont 900 differential thermal analysera (DTA) ,
equipped with a standard cell, was employed to detect poly—
morphic transitions and melting of both polymorphic forms
of meprobamate. The micro sample glass tube was filled with
the test substance to a depth of approximately 2 mm. The
junctions of the thermocouples were embedded in the sample.
A second differential thermocouple was placed into an inert
reference, consisting of glass beads. The tubes were placed
in a heating block. After replacing the cell assembly the
block was heated. In each case the sample was heated from
room temperature to a temperature several degrees above
fusion, at a uniform rate of 10°C min_l. Thermograms were
obtained for each polymorph.

3. OQuantitative Measurements of Heats of Fusion

Although primarily a tool for gqualitative analysis, use
has been made of DTA in estimating heats of reaction, fusion

and transition. These thermodynamic properties can be

apu Pont De Nemours, E.I., and Co., Inc., Wilmington, Dela-

ware, U.S.A.
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determined by integrating the endothermic or exothermic
peak produced as the sample reacts, melts or undergoes a
solid state transition.

The value of the heat of fusion may be determined from
the area under the peak of thermogram. For quantitative
measurement.s of heat of fusion, the Du Pont 900 differ-
ential thermal analyser equipped with a calorimeter cell
was used. In the calorimeter cell, silver holders or cups
for sample or reference are located in separate air cavities
in a heating block. Chromel-aluﬁel thermocouples contact
the bottom of the holders. A resistance heating element
is wound around the block, and gives high resistance to the
transfer of heat from the sample to the block. When the
sample undergoes transition, the heat develoéed is retained
by the sample and its holders. |
Calibration of the Calorimeter Cell:

e e e e e e et —————————————

Determination of Calibration Coefficient:

A curve of the calibration coefficient, E, for the
calorimeter cell was determined by ﬁsing materials with
known heats of fusion. Gallium, indium and tin samples were
used for this purpose. The heats of fusion of these elements
are given in Table I.

Table I

Heats of Fusion of the Standard Materials (236)

Material Heat of fusion (Cal gm~1)
Tin 14.20
Indium 6.79

Gallium 19.90




Procedure using tin:

Approximately 6 mg of tin was accurately weighed into
an aluminum sample liner on a Sartorius Selecta semi-micro
balance® to the nearest 0.01 mg. The sample and the liner
were placed in the sample holder of the calorimeter cell.
The heating block cover and the insulation 1lid were placed
into position, followed by the bell jar. The temperature
of the cell was brought rapidly to approximately 100°C
below the temperature of fusion.. Then the heating rate con-
trol was set to provide a heating rate of 10°C min~t. The
Y-axis sensitivity was set at 0.5°C ih_l. X-axis sensiti-
vity was set at 50°C in_l. After fusion, the heating was
allowed to continue for a further 30°C. At this point the

run was ended. Six replicate runs were made.

Procedure using indium:

Six replicate runs were made using accurateiy weighed
guantities of indium, using the method described for tin,
except that the thermogram recording was started from room
temperatufe.

Procedure using gallium:

The gallium sample supplied was in super-cooled condition.
It was‘cooled well below zero degree centigrade to ensure
that the sample is in the solid state rather than the super-
cooled phase. Liguid nitrogen was used to cool the sample
to -70°C. After weighing accurately, the sample and the

liner were placed in the sampleAholder. After replacing the

agartorius-Werke, GmbH, G6ttingen, Germany.
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heating block cover, the cooling attachment was placed in
contact with it and the liquid nitrogen added. When the
temperature had fallen to -70°C, the cooling attachment
was removed and the insulating 1id and bell jar replaced.
The run was made as for tin. Thermogram recording in this
case was started from -70°C. Six replicate runs were made.

Determination of the Area of the Thermograms:

The areas of these endothermic peaks were determined
by cutting out the peak areas and weighing to #0.01 mg.
The reference weights were obtained by cutting out four
square inches of the graph paper from each of the graphs
and weighing. The area to be weighed was found by drawing
a line from the point where the thermogram first departed
from the base line to the point where the base line was
resumed following fusion.

Measurements of Heats of Fusion:

After calibration, the accuracy'of calibration was
checked, by measuring the heat of fusion of sulfathiazole?.
The heat of fusion of Form II of sulfathiazole has recently
been determined using Du Pont 900 differential thermal analys-
er (236). Form II of sulfathiazole was prepared by the
method of Milosovich (250).

About 2 gm of sulfathiazolg was crystallized at room
temperature from warm alcoholic solution. The product ob-
tained consisted of hexagonal plates. This was heated at

180°C in a china crucible kept in a temperature-controlled

aMallinckrodt Chemical Works ILtd., Montreal, Canada.
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oven to produce Form II.

Four samples of sulfathiazole Form II were weighed into
sample liners. Samples of about 3.0 mg were used in measur-
ing the heat of fusion of sulfathiazole. These were weighed
on a balance to the nearest 0.01 mg. The liner, together
with the sample, was fitted into the silver sample holder
of the calorimeter cell so as to obtain a good contact
with the bottom of the sample holder. An aluminum liner
was used in the referenceAcup. The thermograms were ob-
tained as in the case of calibration of the calorimeter cell.

When the heat of fusion of Form II of‘sulfathiazole was
computed, it was found to be in fair agreement to the values
reéorted by Guillory (236).

For measuring heats of fusion of both the forms of
meprobamate, six sampies of each of the polymorphic forms
were weighed into sample liners. The thermograms were ob-
tained as for éulfathiazole. The weights of each sample
used were as 2.5 mg (Form I) or 3.0 mg (Form II).

4. Analytical Procedure for Determination of Meprobamate

Contents

Quantitative analysis of meprobamate in aqueous solu-
tions has previously been performed by colorimetric
method (271, 272), thin layer chromatography (273) and gas-
liquid chromatography (274-276). In the present study a
gas-liquid chromatographic method was selected as the
quantitative analytical method of choice for the determination

~f meprobamate in agueous solutions.
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Gas-liquid Chromatography Procedure:

Instrumentation:

A Perkin-Elmer model 990 gas chromatographa equipped
with a dual flame ionization detector and a 0-10 Speedoﬁax
W recorder with integratorb was used. A chart speed of
0.5 in min-1 was employed for this study throughout the
experimental work. All samples were injected with a 10 ul
Hamilton gas chromatographic syringec.

The Chromatographic Column:

The chrqmatographic column was a coiled glass column
(6 feet x 1/4 inch), packed with 3% weight OV-ld on chrom-
sorb G-AW-DMCS®. Prior to use the column was conditioned
at 220°C for 24 hours to minimize column bleeding.

Operating Conditions:

The oven temperature used was 200°C.. The sample injec-
tion temperature was maintained at 230°C, and manifold tem-
perature at 240°C. Helium was used as the carrier gas and
was maintained at 50 psig. The hydrogen flame detector
was operated with hydrogen and air both at 25 psig. All the
determinations were made with attenuator settings from 100
Xx 2 to 100 x 4.

The optimum air pressure (25 psig) and hydrogen pressure

aperkin-Elmer Norwalk, Connecticut, U.S.A.
PLeeds and NortHrup Co., Inc., Philadelphia, U.S.A.
CHamilton No. 701 Syringe, Whittier, California, ﬁ.S.A.
dDimethylsilicone Gum

eDiatomaceous Silica aggregate
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(25 psig) were selected for the maximum response of mepro-
bamate and internal standard, by measuring peak héights at
different gas pressures.

Extraction Procedure:

One ml of the sample was pipetted into a 15 ml glass
stoppered centrifuge tube. To the tube was then added 5 ml
of reagent grade diethyl ether. The tube was tightly stop-
pered and shaken for 10 minutes on a shaker followed by
centrifugation at 2000 r.p.m. for 5 minutes. The upper
ethereal layer was then transferred to a 15 ml glass stop-
pered tube containing 1 ﬁl of a 0.1% solution of dibutyl-
phthalate (internal standard)? in diethyl ether. Further
3 ml portions (2 times) of diethyl ether were added to the
centrifuge tube, and the procedure of shaking, centrifuging
and transferring of the ethereal layer was repeaﬁed.. To
the mixed ethereal extract and internal standard was then
added about 500 mg of anhydrous sodium sulphatea. The tube
was stoppered and shaken for 10 minutes and then centrifuged.
The ethereal layer was then transferred to a clean tube.
The combined ethereal extracts and internal standard were
concentrated to a small volume (about 100 to 500 ul) by
evaporation of the extract in a centrifuge tube placed in
a water bath at about 35°C. Boiling was promoted by the
addition of a boiling stick in the tube. Then about 0.2 ul
of the concentrate was injected on to the gas liquid chroma-

tographic column.

8The British Drug Houses (Canada) Ltd., Toronto, Canada
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A blank extraction was done by following exactly the
same procedure, using one ml of water.

The absolute recovery of meprobamate was determined by
comparing peak ratios of the ether extract for a known
amount of the drug dissolved in water to that obtained for
an eqgual amount of the drug dissolved in ether and esti-
mated by the gas-liquid chromatographic procedure.

The reproducibility of the extraction procedure was
determined by extracting eight aqueous solution samples,
each containing 0.2 mg ml_l . of meprobamate, and assaying
by the gas-liquid.chromatographic procedure.

To investigate the extent of decomposition of mepro-
bamate in water, an aqueous solution containing a known
amount of drug was left at 25°C for one week and analysed
at selected time intervals. A second sample of solution
was also kept at 40°C for three days and analysed.

A calibration curve was prepared from aqueous solutions
containing known amount of meprobamate, as follows:

Stock solutions containing known amounts of meproba-
mate in distilled water were prepared. From these, aqueous
solutions containing 50-400 mcg ml"l meprobamate were
assayed. The peak areas of meprobamate and dibutylphtha-
late were obtained. A calibration curve was then constructed
by plotting the ratio of the peak areas of meprobamate to
dibutylphthalate against the concentration of meprobamate
in water. The calibration curve was repeated at intervals

of two months.



58

5. Solubility and Dissolution Rate Studies

The same procedure was used to study the dissolution pro-
perties of both the forms of meprobamate. For dissolution
studies at a particular temperature the same weight of each
crystalline modification was used. The sample of solid
used was approximately twice the concentration necessary to
séturate the solution. The material which passed through a
60 mesh sieve but was retained on an 80 mesh sieve was used
for solubility and dissolution rate studies.

A weighed sample of the polymorph was rapidly added to
15 ml of distiiled water. The distilled water used was
previously filtered through a 0.45 y Millipore filter mem-
brane and was equilibrated to the desired temperature. The
bbttle was rotated at a constant speed of 23 r.p.m. in a
constant temperature water bath maintained at the approp-
riate temperature. Using a pipette fitted with washed glass
wool filter plug, one ml of the sample, free of all solid
materials, was withdrawn at predetermined time intervals
and immediately diluted with distilled water to a known
volume, to avoid precipitation of the meprobamate crystals
in the filtered sample as the sample éooled. The mepro-
bamate in the solution was determined by the gas-liguid
chromatography method. Three replicate runs were made for
each polymorphic form at each temperature.

Confirmation of the Complete Reversion of the Form II to

Form I:

From the solubility and the dissolution behavior at
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various temperatures, it was noted that the solubility of
Form II falls essentially to that of Form I at a particular
temperature. |

About 180 mg of meprobamate Form II powder was added
to 15 ml of distilled water in a 25 ml bottle. The bottle
was rotated at 23 r.p.m. in a constant temperature water
bath maintained at 40°C. After 20 minutes the solution was
immediately filtered through a 0.45 py Millipore filter
membrane and the filtrate placed into a clean bottle. This
was then rotated for a further 28 hours. After this period,
precipitated crystals were observed, presumably of the Form
I. These crystals were filtered and dried under vacuum and

were examined by X-ray diffraction analysis.

B. MULTICHANNEL COULTER COUNTER ASSEMBLY FOR DISSOLUTION

RATE STUDIES

1. Assembling of 128 Multichannel Analyser with the

Coulter Counter

Although the Coulter counter is a fast method of size
analysis in comparison with the classical methods, the speed
of data acquisition can be greatly increased by converting

it from a single-channel analyser to a multichannel data
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analyser. In this way all the voltage pulses produced
by the amplifier of the Coulter Gounter are monitored, with
the exception of a small percentage lost by coincidence
arrival at the multichannel analyser. This system has been
previously described by Ho and Higuchi (277) .

The relatively slow (40 microseconds) pulse from the amp-
lifier of the Coulter counter was not suitable for use as
a direct input to a multichannel analyser since the latter
required a pulse with a fast leading edge. To provide a
suitable input signal, interface circuitry was introduced
between the Coulter counter Model B® and the ND-555 Multi-
channel Analyserb. This is shown in Figure 1. The output
from the amplifier of the Coulter counter was fed into the
linear gate and also into a differentiator. The differen-
tiator output is a full single-wave pulse. This pulse is
fed to a zero strobe which detects the point at which the
voltage is zero and at the same instant produces a small
positive square wave as output. This square-wave pulse is
generated at precisely the same instant in time as the
original pulse has reached its peak value. The square-wave
input to the linear gate opens the gate to the ofiginal
signal, so that the outpﬁt from the linear gate is a voltage
pulse with a fast leading edge, proportional in amplitude
to the originél signal. The gain of the interface circuit

was adjusted so that pulse in the range of the oscilloscope

acoulter Electronics, Inc., Hialeah, Florida, U.S.A.

bNuclear Data, Inc., Palatine, Illinois, U.S.A.
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of the Coulter counter was also in a suitable range for
the multichannel analyser. The output from the multichannel
analyser was fed to an oscilloscoPea, for immediate display,

or to the input of the X-Y plotterb

, which plots the full
differential frequency distribution.

Prior to use for studies of dissolution of solid par-
ticles, calibration of the multichannel Coulter counter
assembly was carried out. For this purpose latex particlesc
and ragweed pollen grainsc were used. The three methods
used for the size analysis of these materials were: micro-
scopic measurement; Coulter counter, using the conventional

method; and multichannel Coulter counter assembly.

2. Size Distribution Measurements of Ragweed Pollen Grains

and Latex Particles Using a Microscope

Microscopic Measurement of Ragweed Pollen Grains:

In order to prepare a éuitable slide for examination
under a microscope, a few milligrams of the sample were
suspended in a few drops of 0.9% sodium chloride solution.
The resulting slurry was thoroughly mixed by a stainless
steel micro spatula. A small portion was then transferred
on to a microscope slide using a micro spatula. Care was

taken to disperse all the aggregates, without crushing the

aapllen B. Dumont Laboratories Inc., Clifton, New Jersey,
U.S.A.

bgewlett Packard Moseley Division, Pasadena, California,
U.S.A.

CCcoulter Diagnostics Inc., Miami Springs, Florida, U.S.A.



.63

pollen grains. The diameter of the four hundred particles
was measured individually using a Leitz microscope equipped
with an eyepiece micrometer previously calibrated against
a stage micrometer.

The median diameter of the particles was calculated.
The corresponding volume frequency distribution was cal-
culated assuming sphericity of the particles.

Microscopic Measurements of the Latex Particles:

A standard suspension of the latex particles was used .
The sample in a tube was kept in a laboratory ultrasonic
bath for 40 to 50 seconds to disperse the latex particles.
Two drops of this suspension were then mixed with a few
drops of glycerine. A drop of this mixture was then mounted
on a microscope slide. The diameter of four hundred par-
ticles was measured individually using a Leitz microscope
equipped with a calibrated eyepiece micrometer. The corre-
sponding volume frequency distribution was calculated,
assuming sphericity of the particles.

3. Size Distribution Measurements of Ragweed Pollen Grains

and Latex Particles with the Coulter Counter Using the

Conventional Method

Preparatién of Electrolyte:

An aqueous solution of sodium chloride (0.9%) was used
as an electrolyte. This was freshly prepared before use and
was filtered through a 0.22 y Millipore filter membrane, by
applying suction.

Before particle size can be measured by the Coulter
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counter, it is necessary to calibrate the instrument. The
purpose of the calibration is to define the relationship
between the volume and the electrical pulse amplitude of
the particle for each aperture size.

Calibration can be caxried out using any "monosized"
particulate material provided that the diameter of the par-
ticle is within the range of 2% to 40% of the aperture dia-
meter and the median volume of the particulate material is
known. "Monosized" ragweed pollen grains and latex par-
ticles were employed for calibration. The diameter and
the volume frequency distributions of these standard mat-
erials were determined from the microscopic measurements.
For the ragweed pollen grains the 100 u aperture tube was
used with a sample volume of 500 pl. A 50 p aperture tube
and a sample volume of 50 pl were used for the latex par-
ticles.

Preparation of the Suspension:

Apprbximately 2 mg of ragweed pollen grains were mixed
on a watch glass with a small drop of "Isoterge"a or Tween
80b. The suspension was transferred to a beaker using
electrolyte solution. For latex particles, two drops of a
suspension were mixed with 50 ml of electrolyte solution
in a beaker. The beaker was kept in a laboratory ultrasonic

bath for 40 seconds. This was then diluted to about 200 ml

with electrolyte solution.

acoulter Diagnostics Inc., Miami Springs, Florida, U.S.A.

batlas Powder Company Canada Ltd., Brantford, Canada
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The concentration of the suspension was checked by
setting the amplification and aperture current switches
on the Model B Coulter counter so that most of the pulses
reach between one third and two thirds of the maximum height
of the oscilloscope screen. The upper threshold level was
set to a value that excluded the doublets and triplets.
At these settings, most of the particles in the sample
were counted. The mean of four counts was taken. Then
the counts were taken at convenient successively larger
settings of the lower threshold. The setting of the lower
threshold value that gave half the total number of particles
in the sample of suspension was used to‘calculate the cal-
ibration constant. |

The complete size distributions of the ragweed pollen
grains and the latex particles were measured. The mode
selector of the Coulter counter was left in the "separate"
position. The settings of the upper and the lower threshold
levels were adjustéd to 70 and 28 respectively for ragweed
pollen grains and 27 and 25 respectively for latex particles,
and the counts were then obtained at successively lower
settings of the threshold dials.

4. Size Distribution Measurements of Ragweed Pollen Grains

and Latex Particles Using the Multichannel Coulter

Counter Assembly

Using the multichannel Coulter counter assembly, the
complete volume frequency distribution of each material was

recorded in a single step. Using both the aperture current
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and amplification settings on the Coulter counter at 1/2,
for the latex particles, the voltage pulses were fed to
the multichannel Coulter counter assembly, by having the
mercury in the manometer in the "vacuum" position, thus
activating the "start" switch. With the "mode" switch on
the multichannel analyser set to "acquire", accumulation
of counts in the channels commenced. After a suitable

time interval (between 5 seconds and 25 seconds) to provide
a satisfactory count, the "mode" switch was set to "stop"
and then to "output".

With the mode switch on the multichannel analyser set
in the "output" position @he data were either displayed on
an oscilloscope screen and recorded on photographic film
or plotted directly on the X-Y plotter. The analyser was
adjusted so that channel number one corresponded to particle
volume of approximately zero by setting the lower level dis-
criminator on multichannel analyser to exclude noise signals.
For ragweed pollen grains, the aperture current and amplifi-
cation settings on the Coulter counter were set at 1 and 16
respectively.

The coincidence loss of pulses arriving at the multi-
channel was indicated on the dead-time meter of the ana-
lyser and coincidence correction of the count in each
channel gave the true count of electrical pulses arriving
at the multichannel analyser. Correction of each count
for primary coincidence and background count then gave the

true particle count in each channel.
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For each method of size analysis, the cumulative per-
centage of oversize particles was plotted on the probit
scale against the particle volume.

5. Size Distribution Measurements of Micronized Hydro-

cortisone Acetate and Griseofulvin

To test the method with materials having a wider dis-
tribution of particle sizes, micronized powders of hydro—
cortisone acetate® and griseofulvinb were used.

A sample of aqueous sodium chloride solution (0.9%) was
saturated with the material under study by the addition of
approximately 10 times the quantity required to saturate
the solution at 25°C, and stirring the solution for 5-7 days
with a magnet stirrer. Just prior to use, the solution waé
decanted and filtered through a 0.22 u Millipore filter
membrane.

For the measurement of the size distribution, a small
quantity of the powder was mixed on a watch glass with a
drop of Tween 80. This was diluted with the presaturated
solution to about 50 ml, subjected to ultrasonic irradiation
for 40 seconds and then diluted to about 200 ml.

Size analysis of the suspension was then carried out as
rapidly as possible using the multichannel Coulter counter
assembly first and then using Coulter counter in the con-
ventional manner. A 50 u aperture tube was used for size

analysis.

agschering Corporation, Bloomfield, New Jersey, U.S.A.

bSchering Corporation Ltd., Pointe Claire, P.Q., Canada
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6. Solubility Determination of Hydrocortisone Acetate

and Griseofulvin

A calibration curve was prepared for the spectroscopic
assay of hydrocortisone acetate, as follows:

Twenty mg of hydrocortisone acetate was accurately
weighed and dissolved in methanol (10 ml). The volume was
adjusted to 100 ml with distilled water in a volumetric
flask. When the material was completely dissolved, aliquots
of the solution were diluted with 10% v/v methanol in water,
to obtain solutions containing 1, 2, 4, 8, 12 and 16 mcg of"
hydrocortisone acetate per ml of the solution. The absor-
bance of each of the dilutions was measured at 246 nm on
a D.B. recording spectr0photometera,using a 1 cm path length
cell. The Beer's Law relationship was .verified by plotting
the absorbance against concentration of hydrocortisone
acetate in solution.

A calibration curve for griseofulvin was prepared by
dissolving 20 mg, accurately weighed, griseofulvin in 100 ml
of 60% v/v methanol in water. When the material was com-
pletely dissolved, aliquots of the solution were diluted
to obtain the dilutions containing 1, 2, 4, 6, 8 and 12 mcg
of griseofulvin per ml of the solution. The absorbance of
each of the dilutions was measured at 292 nm on D.B. recording
spectrophotometer using a 1 cm path length cell. Beer's
Law relationship was verified by plotting the absorbance

against concentration of griseofulvin in solution.

Apeckman Instrument Inc., Fullerton, California, U.S.A.
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Solubility of each material was determined in water

at 25°C by the use of a quantity in excess of the solubility.

One hundred milligrams of the solid was separately trans-
ferred to 50 ml glass bottles and 20 ml water was added to
each. The caps were then screwed on tightly and the bottles
were then rotated at 25°C in a constant temperature water
bath for 7 days. After this period the bottles were placed
upright for about an hour and an aliquot from each bottle
was withdrawn using a glass syringe and filtered through a
0.45 y Millipore filter membrane. The filtered solution
was dilﬁted appropriately with 10% v/v -agqueous methanol

for hydrocortisone acetate and 60% v/v agqueous methanol

for griseofulvin. The absorbance of each solution was mea-
sured and the solubility of the substance was determined
from the calibration curve. Three separate repliéate runs
were made for each substance.

Using this procedure the solubility of hydrocortisone
acetate in 0.9% aqueous sodium chloride solution was deter-
mined. The solubility of griseofulvin was determined in
0.9% sodium chloride solution, and in 0.05% and 0.1% Tween
80 in 0.9% sodium chloride solution.

7. Dissolution Rate Studies

The dissolution of micronized hydrccortisone acetate
in 0.9% agueous sodium chloride solution was followed by
observing the change in particle count at each particle
volume with time. For this purpose the multichannel Coulter

counter assembly was used.
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An accurately weighed quantity of hydrocortisone ace-
tate powder (2 mg) was triturated rapidly with 2 ml of
filtered 0.9% aqueous sodium chloride solution. Using a
one ml graduated pipette, 0.2 ml of this suspension was
quantitatively transferred to a beaker containing 200 ml
of filtered 0.9% aqueous sodium chloride solution. The
quahtity of the solid used corresponded to 10% of that
required for saturation so that dissolution took place
essentially under "sink" condition. The suspension in the
beaker was stirred by a glass stirrer rotated at approxi;
mately 150 r.p.m. This speed was sufficient to keep the
particles in suspension without introducing air bubbles
in it.

Particle counts were taken over a 25 seconds interval
and the stored data were immediately plotted on the X-Y plot-
ter. After clearing the analyser by the erase push button,
it was ready to accept fresh data. In this way the size
distribution could be measured after approximately every
100 seconds. After making correction for background counts,
the number of oversize particles was plotted against the
particle radius and against (diameter)z.

It was not possible to measure the dissolution rate of
micronized griseofulvin powaer in normal saline because it is a
very hydrophobic powder. The particles floated on the
surface of the dissolution media giving irregular counts.
Howevér, the rate of dissolution of micronized griseofulvin

in 0.9% aqueous sodium chloride solution containing Tween 80
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was determined. The quantity of micronized griseofulvin
used corresponded to 10% of that required to saturate the
dissolution medium.

Particle counts were téken over time intervals using
the procedure as described for hydrocortisone acetate.
After making corrections for background counts, the number
of oversize particles was plotted against particle radius
and against (diameter)z.

Thé dissolution rates of micronized hydrocortisone
acetate and griseofulvin in the electrolyte dissolution
media were also followed by chemical analysis of’samples of

each solution.using the D.B. recording spectrophotometer.
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CHAPTER IV. RESULTS
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A. PHYSICO-CHEMICAL STUDIES OF MEPROBAMATE

1. -Polymorphic Forms of Meprobamate

Two different polymorphic forms of meprobamate were
obtained. These polymorphic forms were found to differ
in crystal structure, heat of formation and other physical
§r0perties.

The C, H, N contents were estimated by elemental ana-
lysis of the meprobamate Form I and Form II, and are‘sﬁown
in.Table II.

Table II

Elemental Analysis Data of Meprobamate (C9H18N204)

% Calculated $ Found<f .
Polymorph C H N C H N
Form I 49.53 8.31 12.84 49.74 8.30 12.71
Form II -49,53 8.31 12.84 49.61 8.33 13.08

a Mean of 2 runs

2. Characterization of the Polymorphic Forms

Melting Point Determinations:

The different modifications of the crystal differed in
their melting point. The melting points of meprobamate
Form I and Form II, obtained using different methods of
measurements, are shown in Table III.

Infrared Spectroscopy:

Figures 2 and 3 show the infrared spectra of mepro-
bamate Form I and Form II respectively. A comparison of

the infrared spectra of the two crystal forms as potaséium
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Table IIT

Melting Point of Meprobamate Form I and Form II

Melting Point (°C)

Form a b c
I 103-106 102-105 103
IT 94-96 94-96 94

a Capillary tube method

b Hot stage microscopic method

¢ Fusion temperature obtained by differ-
ential thermal analysis method

bromide disks reveals the presence of an extra peak at

1

1450 cm — for Form II.

X-ray Diffraction Pattern:

Figure 4 shows the powder X-ray photographic pattern
for meprobamate Form I and Form II.

The X-ray diffraction patterns for meprobamate Form I
and Form II are shown in Figures 5 and 6 respectively.

The different diffraction lines in X-ray photographic
pattern for both the forms 6f meprobamate are evident from
Figure 4. Figures 5 and 6 show different positions of the
diffraction peaks for Form I and Form II. One of the distin-
guishing features in the X-ray diffraction pattern of beth

fuw
the forms is the absence of a peak in Form I at a value

A

corresponding to 2 0 degrees at 21.

Differential Thermal Analysis:

Figures 7 and 8 show the thermograms of meprobamate
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Form I and Form II respectively. In each case a graph of
differential temperature as a function of reference tem-
perature gave an essentially straight base line, with a
single endothermic peak corresponding to fusion.

Hill and Roy (278) mentioned that the best estimate
of the transition temperature is obtained by using the tem-
perature at which the curve leaves the base line. As this
is often difficult to determine, they used the intersection
of the extension of the base line and the extension of the
straight part of the adjacent side of fhe peak as the
transition temperature.

Guillory (236) in his study of heats of transition of
methylprednisolone and sulfathiazole by differential ther-
mal analysis technique, determined the fusion or transition
temperature as the extrapolated onset temperature of the
éndothermic peak. In the present study this method was
employed for determining the fusion temperature. The low
temperature side of the peak was extrapolated to the pre-
fusion base line. The fusion temperatures computed from
the thermdgrams of meprobamate Form I and Form II are shown in
Table III.

As the temperature response of the chromel-alumel
thermocouples employed in the calorimeter cell is non-linear,
a small temperature correction is made in the chart.

The heating rate of 10°C per minute was found to be the
optimum heating rate. A sample size of about 2 to 3 mg

was found to give a sharp peak suitable for area determination.



76

I wxog oxeureqoxdsy yo wunijoads paxeayul ‘gz 2anbTta

WO ‘HIGWNNIAVM

009 008 000l

o0¢t oO¥L 0091 008F 00OC

/

0

0L




77

Jo

II wxog 23eweqoxdsl Jo umijzoadg psxexyul °¢ aanbtg
leo ‘HIGWNNIAVM
009 008 000!l 00¢Lk O00v!L 009l 008k 000¢
T 1 T T 1 T
\

1%




78

II wIrod pue I wiog ojeuweqoidsi FO
suot3yoexiyTad ortydeaboloyd Aey-x

I wxodg

IT wxod

*p L2anbtd




INTENSITY

79

I

20  DEGREES

Figure 5. X-ray Diffractogram of Meprobamate Form I




INTENSITY

80

20. DEGREES

Figure 6. X-ray Diffractogram of Meprobamate Form II
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3. OQuantitative Measurements of Heats of Fusion

Calibration of the Calorimeter Cell:

Figure 9 shows the calibration curve for the differ-
ential thermal analyser calorimeter cell. The curve is
ploﬁted from the calibration coefficients computed for gal-

lium, indium and tin by the following equation (236):

_ AHMa .
E = Km (eq. 1_7)

calibration coefficient, mcal°C_l min_l;

where E
AH = heat of fusion, mcal ng 13

M = sample mass, mg;

-1 1l

a = heating rate, °C min ~, 10°C min ~;
A = peak area, in2;
T, = X-axis sensitivity, °C in™1, 20°c in~t (except
for tin, 50°C in-l);
AT = Y-axis sensitivity, °C in_l, 0.5°C in"t.

The values of fusion temperature and calibration coefficient
of gallium, indium and tin are given in Table IV.
Table IV

Fusion Temperature and Calibration Coefficient
of Gallium, Indium and Tin

Fusion Temperature Calibration Coefficienta

Material (°c) (mcal °C-1 min—1)
Gallium 30 48.0 |
Indium 156 58.6

Tin 233 68.4

a Mean of six runs
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Figure 9. Calibration Curve for the DTA Calorimeter Cell



85

| For calculation of the heats of fusion of sulfathiazole
Form II and meprobamate Form I and Form II, the fusion tem-
peratures were determined from the thermograms by extra-
polating the fusion endotherms to the prefusion base line.
The values of the calibration coefficient corresponding to
each fusion temperature were obtained from Figure 9.

From the calibration coefficient thus obtained, the
heats of fusion for sulfathiazole Form II and meprobamate
Form I and Form II were computed by substituting the peak
area obtained in the following equation (236).
EAATSTS

Ma

AH =

(egq. 18)

where AH = heat of fusion, mcal mg_l;

E = calibration coefficient, mcal oc™t min T

.2
peak area, 1in ;

A=
i ATS = y-axis sensitivity, °C in-l, 0.5°C in_l;
: T, = X-axis sensitivity, °C in—l, 20°C in~%;

M = sample mass, mgj;
a = heating rate, °C in"1, 10°C.min—l.
The results of the differential thermal analysis are
given in Table V.

4., Gas-liquid Chromatographic Procedure

Figure 10 shows a typical gas chromatogram of an aqueous

extract containing meprobamate and dibutylphthalate (inter-

nal standard). Good symmetrical peaks were obtained for
both meprobamate and dibutylphthalate. The solvent was eth-

erand eluted rapidly with very little tailing.
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Table V

Differential Thermal Analysis Results

Meprobamate Meprobamate Sulfathiazole

‘Form I Form II Form II
Fusion Temp. (°C) 103 94 200
Calibration Co-

efficient 1

(mcal °c-1 min~%) 53.6 53.0 63.5
Heat of Fusion

DTA (Kcal

mole~1) 7.143+0.190 6.061%0.237  6.131+0.300
Heat of Fusion )

Lit. *(Kcal mole™1) - - (5.970+0.230)

*Ref. (236)

The optimum conditions for gas-liquid chromatographic
analysis were maintained so that a minimum time was required
for eluting the drug, while maintaininthhe resolution and
sensitivity. The injection port temperature was set so
that at 230°C practically no breakdown of the meprobamate
occurred and yet the temperature was high enough to elute
the meprobamate and the internal standard in a reasonable
time,

The retention time for meprobamate was 2.8 minutes and
for dibutylphthalate wés 4.5 minutes. The retention time
for each drug was the average of three determinations.
Sample injections could be made every seven minutes without

any apparent effect on quantitation and peak separation.
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DETECTOR RESPONSE

Figure 10. Typical Gas Chromatogram of an
Aqueous Extract Containing Meprobamate

A = Solvent (ether); B = Meprobamate;
C = Dibutylphthalate (internal standard)



88

Extraction Procedure:

The extraction procedure for meprobamate from aqueous
solutions was found to be very efficient giving a good
recovery of the drug (Table VI).

Table VI

Recovery of Meprobamate from Aqueous Solutions

EZE?:§:;:§:?;;;;;== Recovered ;§=§ecovery
(mcg ml-1) ' (mcg mi-1)
100 98.0% 98.0
200 . 199.1° © 99.5:2.2°
400 384.32 96.0
a Mean of three runs b Mean of eight runs

c + standard deviation

The blank extraction did not give any peak‘corresponding
to meprobamate.

No loss of meprobamate in distilled water was found,
when meprobamate solutions were left at 25°C for one week
and at 40°C for three days.

A calibration curve (Figure 1l1) was prepared for the
solutions of meprobamaté in distilled water from thé values
given in Table VII.

The curve is rectilinear over the range 50-400 mcg of
meprobamate per ml of solution. This indicates that the
relative response of the instrument was linear over the
range of concentrations studied. The calibration curve
prepared at later times did not show any significant devia-

tion from the original curve.
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Table VII
Relationship of the Concentration of Meprobamate

to Peak Area for Meprobamate/Peak Area
for Internal Standard

Concentration of Peak Area Meprobamate/
Meprobagite Peak Area of a
(mcg ml™~) Internal Standard

50 0.262
100 0.440
150 0.677
200 0.867
250 1.093
300 1.275
350 1.508
400 1.715

a Mean of three runs

Calculations of Meprobamate Concentration:

Since the exact volume of injection and the volume of
solution after concentration was difficult to control be-
cause of the volatility of ether, an internal standaxd was
used to determine the equivalent amount of original sample
represented by the peak area.

Dibutylphthalate was found to be satisfactory internal
standard, since it elutes shortly after the meprobamate.
The concentration of meprobamate was calculated as

follows:
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Figure 1ll. GLC Calibration Curve for Meprobamate
in Distilled Water; Ranges indicated
thus: I.



mg meprobamate = — + K (eq. 19)

where Pm = peak area of meprobamate;

Pd = peak area of dibutylphthalate;

K slope determined from the calibration curve
made with injections of meprobamate standard.

5. Solubility and Dissolution Rate Studies

The experimental data for the dissolution rates of
meprobamate Form I and Form II, in distilled water, at
25°C are given in Table VIII and shown in Figure 12. The
figure shows the concentration of each.polymorph in solu-
tion as a function of tiﬁe in the presence of an excess of
the solid phase and under constant agitation. It is apparent
from the data that Form II has a faster dissolution rate than
Form I. The solution obtained at equilibrium from Form II
has approximately twice the concentration of that from Form
I. Figure 12 also shows that after the maximum concentra-.
‘tion is reached, the concentration of Form II falls to that
qf Form I. |

A graph of the data in Table IX for the dissolution of
meprobamate Form II, in distilled water at 25°C, 30°C,
35°C and 40°C is shown in Figure 13.

The dissolution behavior of the two forms in distilled
water suggests that the maximum values obtained were good
approximations of the true solubilities of these materials.

The solubilities of the two forms measured over the

temperature range 25°C to 40°C are shown in Table X.
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Table IX

Dissolution Rates in Distilled Water
of Meprobamate Form II at 30°C, 35°C and 40°C

Mean Concentration (mg mi-1)@

Time 30°C 35°C 40°C
1 min 3.85 4,72 7.09
3 " 5.42 7.87 10.80
5 " 6.59 8.77 12.43
7.5 " 6.67 9.09 12.95°
10 " 7.86 10.53 12.42
15 " 8.45 10.62 13.17
20 " 7.89 9.97 12.81
8 hr ‘6.48 - 8.89
28 " 5.19 5.47 7.30

a Mean of three runs

Table X

Solubilities in Distilled Water of Meprobamate

Form I and Form II at 25°C,

Temperature (°C)

— e

Concentration (mg ml-1)

30°C, 35°C and 40°C

Form II

Form I

25
.30
35
40

6.220
8.169

- 10.575

12.797

3.337
4.251
5.661

7.429

Skmh&sg&
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Table VIII

Dissolution Rates in Distilled Water
of Meprobamate Form I and Form II at 25°C

Mean Concentration

(mg m1-1)

Time Form I ‘ Form II
lA min 0.75 3.10
3 " 1.57 3.77
5 2.88 5.16
7.5 " 2.45 4.90
w0 " 2.66 4.90
5 v 3.10 - 5.10
20 " 3.25. 5.31
30 " 3.25 6.12
60 " | - 6.32
2 hr - 5.63
28 " 3.40 5.20
128 " 3.35 3.61
168 " 3.35 | 3.62

a Mean of three runs
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The solubilities were then calculated in moles per liter
of solution and these are shown in a van't Hoff-type

plot in Figure 14. It is clear from the figure that a
straight line relationship exists in the temperature range
of 25°C to 40°cC.

Confirmation of the Reversion of Form II to Form I:

The crystalline material obtained, when the solubility
of Form II reached that of Form I, was found by the
X-ray diffraction analysis to be Form I.

Calculations of the Thermodynamic Properties:

From the solubility measurements, it is possible to
calculate the thermodynamic properties involved in the
transformation of the metastable form to the stable one.

Heats of Solution:

The heats of solution for both the forms of meprobamate
were calculated from the slopes of the lines in van't Hoff's
plot (Figure 14). The regression lines gave slopes of
=1975 and -2180 for the lines of Form II and Form I respec-
tively. The slope of each line according to van't Hoff'sv
equation is equal to -AH/2.303 R. From this the AH is

readily calculated by the following equation (279).

AH = -2.303 R x slope (eg. 20)
where AH = heat of solution;
R = gas constant (1.987 cal mole * deg—l).

From the slopes the heats of solution for both the

forms were calculated. The values of heats of solution are
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given in Table XI.

Free Energy Difference:

At constant température and pressure the free energy
difference, AFp, between the polymorphs I and II was cal-
culated by the following equation (246):

C_ Form I

AFT = RT ln oo — (eg. 21)
Cs Form II

where CS = solubility of the polymorph at a particular
temperature, T.

This equation relates the solubility, C_, to the free

s
energy differences involved in the conversion of the poly-
morph II to polymorph I at a particular temperature.

The Enthalpy Change:

Thé enthalpy change for the transition of Form II to
Form I can be calculated by subtracting the heat of solu-
tion of Form I from that of Form II. The enthalpy change
in the'transitionvfrom Form II to Form I, that is AHII+I'
is -939 cal mole™l.

The Entropy Change:

The entropy change, AST, for the transition of Form II
to Form I at a particular temperature, T, can be calculated
by the following equation (246):

AH. - AF
_ II-+I T
AST = - (eq. 22)

The value computed for the reversion of Form II to
Form I at 25°C is given in Table XI.

The transition temperature for the reversion of Form II
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Table XI

Thermodynamic Values Calculated for
Meprobamate Form I and Form II

Transition Heat of

Temp. (°C) Solution AFq 88398 ASprans
Form to Form 1 (Kcal mole'l) (Cal mole~l) (e.u.) (e.u.)
I - 9.975 - - -
II 186 9.036 -369 -1.91 -2.05

to Form I corresponds to the temperature at which the solu-
bilities of the two forms are equal (246). The transifion
temperature is found by extrapolating the lines in the van't
Hoff's plot and taking the temperature where both the lines
meet. The transitidn temperature for this system is 186°C.
At the transition temperature the reversion of Form II

to Form I, AFT, is equal to zero and the entropy change,

ASTrans’ can be calculated by the equation (246):
AH
_ II->I
ASTr s = 5 (eq. 23)

For meprobamate AS was found to be -2,.,05 e.u.

Trans
at 25°C.

6. Isergonic Relationship in Polymorphic Phase Reversion

and Anhydrate to Hydrate Changes

Figure 15 shows the isergonic plot of the relation be-
tween enthalpy and entropy changes in polymorphic and hydrate

transformations. This plot is constructed from the literature
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values (261) of enthalpy and entropy changes for poly-
morphic phase reversion and for changes from fhe anhydrous
to the hydrated form together with the wvalue obtained for
' meprobamate and can be fitted in a straight line relation-
ship: -AH = -203.941 - 316.619 AS, with a correlation
coefficient of 0.997 with the theoretical correlation co-

efficient (P' = 0.05) of 0.55.

B. MULTICHANNEL COULTER COUNTER ASSEMBLY FOR DISSOLUTION

RATE STUDIES

1. Size Distribution Measurements of Ragweed Pollen Grains

and Latex Particles Using a Microscope

The results of the measurement of ragweed pollen grains
are given in Table XII.

By plotting the cumulative number of oversize particles
against the diameter, the median diameter of 19.06 u was ob-
tained.

The corresponding volume frequency distribution was cal-

culated using the following equation:

v = 22 (eq. 24)
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Table XII

Microscopic Measurement Data for Ragweed Pollen Grains

Cumulative

Diameter range Number of Number

(n) Particles Oversize
14-14.9 3 400
15-15.9 12 397
16-16.9 29 385
17-17.9 47 356
18-18.9 93 309
19-19.9 100 216
20-20.9 57 116
21-21.9 31 59
22-22.9 20 28
23-23.9 6 8
24-24.5 2 2
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The results of the volume frequency distribution are
given in Table XIII.
Table XIII

Size Distribution of Ragweed Pollen Grains
with the Microscopic Method

Cumulative Probit
Volume Number % ' Cumulative
(u3) Oversize $ Oversize
1437 100.00
1768 99.25 7.43
2146 ' 96.25 6.77
2574 89.00 6.23
3055 77.25 5.75
3593 , 54.00 5.10
4190 29.00 4,45
4851 14,75 3.96
5578 ‘ 7.00 3.52
6373 2.00 | 2.95
7241 0.50 2.25

The volume frequency distribution for the latex particles
was obtained using a similar method of calculation, and the
median volume was found to be 3.604 u3. The results are

given in Table XIV.
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Table XIV

Size Distribution of Latex Particles
with the Microscopic Method

Cumulative Probit

Volume Number % Cumulative

(u3) Ooversize $ Oversize
1.437 100.00
2,145 ‘ ' 94,25 6.58
2.573 -84.50 6.02
2.806 79.50 5.82
3.054 71.50 5.57
3.315 59.75 5.25
3.592 50.75 5.02
3.883 40.75 4.77
4,190 30.00 4.48
4,512 22,00 4,23
4.851 17.00 4,04
5.205 14.75 ' 3.96
5.577 9.37 3.71

6.373 4.75 3.34
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2. Size Distribution Measurements of Ragweed Pollen Grains

and Latex Particles with the Coulter Counter Using the

Conventional Method

Calibration of the Coulter Counter:

Table XV gives the counts of ragweed pollen grains with

two pairs of threshold settings, using a 100 u aperture tube

and 500 ul sample..

Table XV

Data for Calibration of the Coulter Counter

Using Ragweed Pollen Grains

Threshold Settings Average
tL tU Number of Number of
Particles Particles
10 70 28832, 28845, 29040
29501, 28982.
49.5 70 14449, 14221, 14456
14697, 14457.
tL = lower threshold setting;
tU = upper threshold setting.

The particle counts obtained with a lower threshold

setting of 49.5 are very close to half the total number of

particle

s

constant,

where K
v

I

in the sample of suspension. The calibration
K, was then computed using the following equation:
- v
K TAty (eg. 25)

calibration constant;

median volume, 3627 u3;

aperture current setting, 1;
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A

amplification setting, 16;

t,

The calibration constant, K, for the 100 y aperture

lower threshold setting at the half count, 49.5.

tube was calculated to be 4.58.
After the calibration constant, K, was determined, the
particle volume was then calculated by the following

equation:
vV = K°I'A~tL (eq. 26)

Similarly, the calibration constant for the 50 u aper-
ture tube was determined using latex particles of‘median |
volume 3.604 u3. The calibration constant, K, was calculated
to be 0.452.

Size Analysis of Standard Materials:

Typical data for the size distribution of pollen grains

are given in Table XVI, where

N = raw counts;

N' = final count after corrections for coincidence
loss and background count;

VL = volume corresponding to the lower threshold

setting.
Correction for coincidence loss was made using the

following equation (150):

_ N° (2
NC = P (—10—06) (eq. 27)
where Nc = number of coincidence passages;
P = coincidence factor;




107

00°00T

06€L 916 8 8 L 8 9T T 91 IR A
68°66 c8€EL CLTT LT LT 6T ST 9T T 0¢ 9T
99°66 S9¢€L 9971 ve ve 14 €¢ 9T T 144 0¢c
vE*66 TveL 6SLT 9% 9% %4 0s 9T 4 ST (AN
TL°86 SecL 86T¢C SCT SCT TET 61T 9T [4 S°LT ST
¢0°Le 0LTL §9¢¢ 866 966 686 ¢00T 91 (4 1%4 S°LT
(4 REX:! cLT9 8L0€ 81vc yove mnmmA 1eve 9T (4 §°ve 1¢c
08°0S vaLe T6S€E 8ZLT 0TLC 6L92 ovLe 91 4 ¢°8¢ 1R 24
88°€T 920T LLTY TA: €L8 8v8 868 91 [4 €€ G°8¢
vo°c TST 9€8Y 6L 6L 8L 08 91 (4 8¢ €€
86°0 cL 6955 Le LT 14 8¢ 9T (4 S°EY 8¢
T9°0 134 5LEY o€ 0€ T€ 8e 91 (4 0s S°ev
02°0 o1 82€eL 0T 0T 6 TT 9T v 14 -4
L0°0 g Lozs S S 14 S 9T 14 oL 8z
92TSI2A0  , N7 TA N N N 4 I 3 T3
$ JToqumy abeasay

uoTINTOS snoonbe ‘934AT0x309TH Ir QT ‘aojsweTp oanzxady

‘85 ‘IueISUOD UOTIRAQTITED {G°6% = 13 ‘9T = ¥ ‘T = I ‘ejep uoTjeaq
-TTeD !obxajosy ‘3jusbe bursaadsTqg !{TH Q0§ ‘SUNToA I93vWOUBRK {(%6°0) OPTIOTYD umTIpoOsS JO
*sutexb usTTod posmbey—oTdures

SuoTjeTnoTe) $ IaqunN pue eleg I9IUNOD ISITNOD

IAX 97qeyl




108
N°® = observed count.
The coincidence factor, P, is derived by the follqwing
equation:

500, (D )3

Po= 2.5 (57 (355

(eg. 28)

where D = aperture diameter, u;
V = sample volume, ul.
The true count is equal to Nc + N° and N' in Table XVI is
equal to Nc + N° - background count.
The size distribution data for ragweed pollen grains
and latex particles using the Coulter counter are given in
Tables XVII and XVIII respectively.

3. Size Distribution Measurements of Ragweed Pollen Grains

and Latex Particles Using the Multichannel Coulter

Counter Assembly

Figure 16 shows the differential frequency distribution
obtained for latex particles, during a 5 second counting
pg:;od, The analyser was adjusted so that the channel num-~
ber one cqrrespondéd to a parﬁicle volume of approximately‘
zero. The channel number was thus proportional to particle
volume. The total number of counts within a given channel
is represented by a point on the differential frequency
distribution curve. |

Coincidence corrections were made as follows in two
parts: some loss of counts by coincidence occurred at the
multichannel analyser. vThis occurred when a second pulse

arrives within the dead-time (about 18 micro seconds) of the




109

Table XVII

Size Distribution of Ragweed Pollen Grains
Using the Coulter Counter

Cumulative ' Probit
Volume Number % Cumulative
(u3) Oversize@ % Oversize
916 100.00
1172 99.88 8.06
1466 99.63 5.68
1759 99.28 7.45
2198 98.69 7.22
2565 97.07 6.90
3078 ' 83.67 5.98
3591 | 50.81 5.02
4177 14.03 3.92
4836 2.09 2.97
5569 1.03 2.67
6375 0.66 2.54

a Mean of three runs
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Table XVIIIX

Size Distribution of Latex Particles
Using the Coulter Counter

Cumulative Probit

Volume Number % Cumulative

(u3) Oversize@ % Oversize
1.813 | 100.00
2.266 99.20 7.41
2.719 97.26 6.92
3.172 79.60 5.83
3.626 49.25 4.98
4.079 24.79 4.32
4.532 ' 13.73 3.91
5.212 6.75 3.51
5.665 2.80 2.90

a Mean of three runs
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analyser. The percentage of counts lost in this way was
read on the dead-time meter on the analyser, so that the
recorded counts were corrected for the lost counts. For
the latex particles the dead time was about 10% and the
counts were corrected accordingly. Corrections for pri-
mary coincidence loss at the orifice were made, based‘upon
the new total counts. For latex particles using a 50 u
orifice, the primary coincidence loss was about 3.5%.

The typical data for the size distribution of latex
particles are illustrated in Table XIX. The data are taken
from Figure 16 and include counts up to channel number 42,
but exclude the doublets and triplets.

Since the background countvwas negligible, correction
was not made in calculating the size distribution.

The cumulative counts were plotted against the channel
number ahd are shown in Figure 17. The median volume is at
channel number 27, and corresponds to 3.604 ug. The volume
corresponding to each channel number was then ‘calculated.

The results of the size distribution for latex particles
as the number % of oversize particles are given in Table XX.

Similarly the size distribution was obtained with the
ragweed pollen grains. For ragweed pollen grains the dead-
time was about 3.5% and primary coincidence loss was less |
than 1%. The results of the size distribution of ragweed
pollen grains are given in Table XXI.

Figure 18 shows the size distributions of latex particles

using the three methods. Cumulative counts of oversize
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Table XIX

Data for Size Distribution of Latex Particles
Illustrating the Calibration of

Multichannel Coulter Counter Assembly

Channel
Number N N N N IN'!
42 50 55 55 57 57
41 60 66 121 68 125
40 60 66 187 68 193
39 120 132 319 137 330
38. 150 165 484 171 501
37 225 245 729 254 755
36 255 281 1010 291 1046
35 295 325 1335 336 1382
34 350 385 1720 398 1780
33 360 396 2116 410 2190
32 410 451 2567 467 2657
31 430 463 3030 483 3140
30 470 517 3547 535 3675
29 570 627 4174 649 4324
28 620 682 4856 706 5030
27 670 737 5593 763 5793
26 785 863 6456 893 6686
25 795 875 7331 906 7592
24 850 935 8266 968 8560
23 745 819 9085 848 9408
22 620 682 9767 706 10114

continued
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Table XIX - continued

Channel
Number N N' IN' N'' IN''
21 410 451 10218 467 10581
20 275 303 10521 314 10895
19 135 149 10670 154 11049
18 70 77 10747 80 11129
17 30 33 10780 34 11163
N = raw count corresponding to the given
. channel number;
N' = count after correction for coincidence
loss at multichannel analyser, 10%;
N'' = true count after correction for coin-

cidence at multichannel analyser and

primary coincidence.
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Table XX

Size Distribution of Latex Particles
Using Multichannel Coulter Counter Assembly

Cumulative Probit
Volume Number % Cumulative
(u3d) Oversized $ Oversize
2.25 100.00
2.78 95.50  6.69
3.05 85.19 © 6.04
3.18 77.16 . 5.74
3.31 | 68.30 5.48
3.44 59.88 5.25
3.58 51.90 ~ 5.05
3.71 44,90 4.87
3.84 38.61 4.71
3.98 32.88 4.56
4.11 28.10 4.42
4.24 . 23,87 4.29
4.37 19.88 415
4.50 | 16.26 4.01
4.64 » 13.02 3,87

o a Mean of three runs
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Table XXI

Size Distribution of Ragweed Pollen Grains
Using the Multichannel Coulter Counter Assembly

Cumulative Probit
Volume Number $ Cumulative
(u3) Oversize? % Oversize
2176 100.00 |
2499 99.37 7.49
2902 91.37 6.36
3143 i9.88 5.84
3385 67.12 5.44
3546 55.60 5.14
3627 49.37 4.98
3708 43.26 4,83
3869 31.98 4.53
4030 21.62 4.21
4352 8.12 3.60
a Mean of three runs
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particles were plotted against the particle volume using

the probit transformation of the ordinate scale; The dis-
tributions for latex particles obtained from the Coulter
counter methods are in agreement, showing that no loss of
proportionality of pulses has occurred through the use of
the interface circuit. The size disoribution of latex |
particles based upon the microscopic measurement of a re-
latively small humber of particles showed a fair agreement
with these methods. The standard deviations of the diameter
of the latex particles were found to be 0.13 u by the Coulter
counter methods and 0.19 u by the microscopic method.

Figure 19 shows the size distributions of ragweed pollen
grains using the three methods. Agreement is excellent be-
tween the size distributions obtained with the two Coulter
counter methods. The distributions agree well with the
microscopic method.

For the ragweed pollen graips the standard deviations
of the particle diameters were fouﬁd to be 1.01 u by the
Coulter oounter methods and 1.42 u by the microscopic method.

4, Size Distribution Measurements of Micronized Hydro-

cortisone Acetate and Griseofulvin

The size distributions of micronized hydrocortisone ace-
tate using the Coulter counter in the conventional mode and
the multichannel Coulter counter assembly are given in
Tables XXII and XXIII respectively. The results are plotted
in Figure 20.

Agreement between the two methods is good. The difference
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Table XXII

Size Distribution of Micronized Hydrocortisone
Acetate Using the Coulter Counter

Cumulative Number

. Volume (u3) % Oversize@
1.70 100.00
3.39 , 95.92
4.52 | 89.13
5.65 ' 83.39
6.78 77.12
9.04 66.07

11.13 56.32
13.50  48.52 -
15.82 ' 41.72
18.12 | 36.78
20.38 32.51
22.65 28.11
45.30 ' 7.99

a .Mean of three runs
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Table XXIII

Size Distribution of Micronized Hydrocortisone
Acetate Using the Multichannel
Coulter Counter Assembly

Cumulative Number

Volume (u3) % Oversize?
3.93 100.00
4.50 91.77
5.45 '84.62
6.06 '78.81
7.57 68. 09
9.09 | 59.89

10.60 52.04
12.12 . 46.19
15.14 . 36.65
18.17 28.66
21.20 .‘-' 22.45
24.23 — 17.15
27.26 . 12.72
30.28 | 8.73
34.83 3.46

a Mean of three runs
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between the median volumes found by the two methods is about
5%, corresponding to a diameter difference of under 1.5%.
In calculating the results, no attempt was made to estimate
the 100% value for the number of particles in the sample,
since the cumulative counts were still increasing steadily
at successively lower particle sizes. The total count down
to about 1.6 u diameter was taken as the 100% value for both
the methods.

Similar results were obtained uéing micronized griseo-
fﬁlvin. The results 6fAthe size distributions using the two
Coulter counter methods are'given in Tables XXIV and XXV,
and plotted in Figure 21.

Table XXIV

Size Distribution of Micronized Griseofulvin
Using the Coulter Counter

Cumulative Number

Volume (u3) % Oversize?@

- 2.26  100.00
3.39 ' 87.38
4.52  75.64

' 5.65 _ 65.98
6.78 - 57.26
9.04 42.70
11.13 , © 30.86
13.50 - ' K .21.60
15.82 14.60
18.12 . 9.28
36.24 | 2.13

a Mean of three runs
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Table XXV

Size Distribution of Micronized Griseofulvin
Using the Multichannel Coulter Counter Assembly

Cumulative Number

Volume (u3) $ Oversized
2.78 100.00
3.05 , 82.64
4,50 71.28
6.06 59.78
7.57 | 50.63
9.09 43.33

10.60 37.41
12,12 32.47
13.63 28.20-
l6.66 ‘ 21.32
19.69 16.01

25.74 8.62

a Mean of three runs



CUMULATIVE NUMBER %

OVERSIZE

125

1001

60

40

20

PARTICLE VOLUME, p°

' Figure 20.  The Size Distributions of Micronized

Hydrocortisone Acetate

" Key: ® , Coulter Counter; pp , Multi-
channel Coulter Counter Assembly.

”
e

o



CUMULATIVE NUMBER %

OVERSIZE

126

10071
80t
601
40}
20}
10 20 30
PARTICLE VOLUME ,ps
Figure 21. The Size Distributions of Micronized

Griseofulvin

Key: m , Coulter Counter; 0O , Multi-
channel Coulter Counter Assembly.




127

5. Solubility Determination of Hydrocortisone Acetate and

Griseofulvin

The results of the relationship of concentration of
hydrocortisone acetate in solution to the absorbance at
246 nm and using 1 cm cell are shown in Table XXVI. The
plot of absorbance against concentration gives a rectilinear
curve over the range of 1 mcg to 16 mcg of hydrocortisone'
acetate per ml of the solution, as shown in Figure 22. This
~indicates that the Beer's»law relationship is obeyed over
this concentration range..

Table XXVI

Relationship of Concentration of
Hydrocortisone Acetate to Absorbance at 246 nm

Concentration 4
(mcg ml1-1) Absorbance®
1 0.038+0.001
2 © 0.078%0.002
4 0.155%0.000
8 0.318+0,003
12 0.4760.002
16 0.632+0.003

a Mean of two determinations; * ranges

The relationship of the concentration of griseofulvin
to absorbance is -given in Table XXVII and shown in Figure 23.
The rectilinear curve over the range of 1 mcg to 12 mcg of

griseofulvin per ml of solution indicates that the Beer's law
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relationship is obeyed over this concentration range.
Table XXVII

Relationship of Concentration of
Griseofulvin to Absorbance at 292 nm

Concentration

(mcg ml™-) Absorbance®
1 0.078%0.003
2 0.157+0.002
4 0.315+0.001
6 0.475%£0.000
8 0.630%0.004
12 0.940£0.005

a Mean of two determinations; * ranges

The solubilities of hydrocortisone acetate and griseofulvin
in water and electrolyte solutions are given in Table XXVIII.
Table XXVIII

Solubility of Hydrocortisone Acetate and Griseofulvin

. Solubility
Substance Solvent mcg ml-1
Hydro- Water 10.0
cortisone : :
Acetate Aqueous sodium
chloride solution (0.9%) 10.0
Griseofulvin Water 8.2
Aqueous sodium : :
chloride solution (0.9%) 8.0
0.05% solution of
Tween 80 in normal saline 9.8

0.1% solution of
Tween 80 in normal saline 12.1
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6. Dissolution Rate Studies

The results obtained for dissolution of micronized
hydrocortisone acetate in 0.9% aqueous sodium chloride sol-
ution using multichannel Coulter counter assembly are given
in Table XXIX. These results are obtained directly from the
counts in each channel plotted by the X-Y recorder, after
correction for background counts. Coincidence count  losses
were very low (<0.1%), making correction unnecessary. In
'Figures 24 and 25 cumulative counts are plotted against the
particles radius and the square of the particle diameter
respectively.

The results obtained for dissolution of micronized .
griseofulvin in 0.05% and 0.1% Tween 80 solution in normal saline
are given in Tables XXX and XXXI respectively. These re-
sults are plotted in Figures 26 to 29 as the cumulative
counts against the particles radius aﬁd the square of the
particle diameter. | |

| Table XXXII shows the results oﬁtained for dissolution of
micronized hydrocortisone acetate in normal saline based upon
chemical anelysis of the solution.

Table XXXIII shows the results obtained for dissolution
of micronized griseofulvin in the dissolution media based

upon chemical analysis of the solution.
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Table XXIX

Multichannel Coulter Counter Assembly Data for
Dissolution of Micronized Hydrocortisone Acetate
in 0.9% Aqueous Sodium Chloride Solution

Dia- (Dia- Cumulative Counts Oversize@
meter meter)2 Radius Time (seconds)

() (u2) 90 190 290 490
1.74 3.03 0.87 2508 2158 1954 1546
1.85 3.42 0.92 2219 1870 1680 1390
1.94  3.76  0.97 1969 1643 1484 1137
2.03 4.12 1.06 1565 1316 1179 871
2.25 5.06 1.12 1287 1061 950 695
2.49  6.20 1.24 899 716 617 437
2.54 6.45 1.27 796 653 560 382
2.69 7.24 1.34 609 485 421 1287
2.82 7.95 1.41 431 344 299 197
3.02 9.12 1.51 192 146 133 81

a 25 seconds counting period
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Figure 24. Plots of Cumulative Counts Against Particle
Radius for Micronized Hydrocortisone Acetate
in Normal Saline
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Table XXX

Multichannel Coulter Counter Assembly Data for:
Dissolution of Micronized Griseofulvin
in 0.05% Tween 80 Solution in Normal Saline

Dia- (Dia- Cumulative Counts Oversize@

meter meter)?2 Rédius Time (seconds)
(n) (u2) (w) 30 120 240 420 600

1.74 3.03 0.87 2985 2252 1750 1226 797
1.85 3.42 0.92 2713 2051 1585 1089 715

2.03  4.12 1.02 2311 1706 1214 868 575
2.25 5.06 1.12 1807 = 1328 991 643 404
2.49 6.20 1.24 1272 916 691 416 253
2.69 7.24 1.34 862 622 . 452 275 160
2.82  7.95  1.41 628 432 318 187 105
2.94 8.64  1.47 333 223 180 102 52

a 20 seconds counting period
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Table XXXI

Multichannel Coulter Counter Assembly Data for
Dissolution of Micronized Griseofulvin
in 0.1% Tween 80 Solution in Normal Saline

Dia- (Dia- Cumulative Counts Oversize?@
meter meter)2 Radius Time (seconds)
(u) (u2) (W) 30 120 240 420 600

1.74 3.03 0.87 3300 2601 2056 1375 897
1.85 3.42 0.92 3012 2376 1853 1223 806

2.03  4.12  1.02 2484 2022 1489 986 627
2.25  5.06 1.12 1903 1526 1112 748 450
2.49  6.20 1.24 1366 1065 771 528 304
2.69  7.24  1.34 934 716 518 346 202
2.82  7.95  1.41 657 479 345 239 137
2.94  8.64  1.47 339 263 188 138 61

a 20 seconds counting period



137

351
-~ 30 sec
Yo
- 25
X 120 "
n .
=
4 T ‘
E; 240 "
o
- 15}
gf 420 "
'g - |
S 600
e
(&) s
el 1 S | i 1
0.7 0.9 1.1 1.3 1.5

PARTICLE RADIUS,u
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(Diameter)2 for Micronized Griseofulvin in
0.1% Tween 80 Solution in Normal Saline
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Table XXXII

Dissolution of Micronized Hydrocortisone Acetate
by Chemical Method

Amount Dissolved in

Time (sec) 200 m1l2 (mcg)
90 80
190 926
290 108
490 122

a Mean of six runs

Table XXXIII

Dissolution of Micronized Griseofulvin
by Chemical Method

Amount Dissolved in

: , 200 ml32 (mcg)
Time (sec) A B

30 42 a0
120 78 88
240 114 118
420 ~ 134 152
600 144 176

aa Mean of two runs

A 0.05% Tween 80 solution in
normal saline

B 0.1% Tween 80 solution in
normal saline
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A. PHYSICO-CHEMICAL STUDIES OF MEPROBAMATE

1. Preparation of Polymorphic Forms of Meprobamate

Meprobamate was found to exist in two different poly-
morphic forms. The Form II was obtained from Form I by
crystallization from the super-cooled melt. Since Form II
is generally mofe soluble and has a lower melting point
than that of the Form I, super-cooling below the melting
point of the Form II was considered necessary to crystallize
Form II from the melt.

Because the meprobamate Form I was heated at 110°C during
the preparation of Form II, decomposition could be expected.
Elemental analysis of the Form II indicated, however, that
no significant decomposition occurred during heating of
Form I.

2. Characterization of the Polgmo;gg}c Forms

Melting Paint Determination:

The melting point of meprobamafe Form I, as determined
by. capillary tube method, hot stage microscope and the dif-
ferential thermal analysis technique, was in the range of
102 - 106°C, as reported in the literature for meprobamate
(280). The melting point range obtained for each of the
polymorphic forms was almost the same using these three
techniques. Thus, ény of the three techniques could be used
for melting point determinations. However, hot stage micro-
scope and differential thermal analysis methods were used
so that any polymorphic transitions could be observed.

Transition from Form II to Form I was not observed when
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Form II was heated to 30°C above the fusion temperature
in the DTA calorimeter, nor when heated to.180°C on the hot -
stage microscope at which temperature it decomposed.

Infrared Spectroscopy:

The infrared spectrum of Form I was identical tc that
given in the literature for meprobamate (281). Mepro-
bamate Form II spectrum showed an extra small peak at
1450 cm'l, which however could not be used for identifi-
cation purposes. Biles (282) has reported that a given
phase can be identified mofe easily by the X-ray diffrac-
tion pattern than by the use of infrared spectroscopy.,

X-ray Diffraction Pattern:

The powder method using the nickel filtered CuKoa rad-
iation provided a means of characterization of pblymorphic
forms of meprobamate. Distinct differences were evident
from the powder diffraction recordings. These distin-
guishing features could be utilized for the identification
and for analysié of the two forms in mixtures.

Differential Thermal Analysis:

Large differences in the fusion temperatures of mepro-
bamate forms were observed using this technique. The DTA
calorimetric technique was used for determination of the
heats of fusion. Guillory (236) has reported some of the
advantages in using DTA for determining heat of transition
between the polymorphs. . The heat of fusion of sulfathiazble
Form II was determined, and found to be in agreement with

the reported literature (236) value, confirming the cali-
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bration of the calorimeter cell.

In the present investigation, repeated experiments
féiled to produce a polymorphic transition peak, when Form
II was heated from room temperature to 30°C above the fusion
temperature.

It was found from the experimental results that DTA
calorimeter could be employed routinely with confidence for
characterization of the polymorphic forms and in the deter-
minations of the heats of fusion.

3. Analytical Procedure for Determination of Meprobamate

Contents

The analysis of ﬁeprobamate has drawn considerable at-
tention in recent yeafs because of widespread use pf this
~drug as a tranquillizer. ‘Thé gas-liquid chromatography
method has been shown to be very useful technique for the:
quantitative analysis of meprobamate in biological fluids.
The method developed in this study was found to have a high
degrée 6f accuracy and percent recovery. With the conditions
of the experiment, practically no breakdown of meprobamate
in the'gas chrématogram occurred, and good symmetrical peaks
were obtained for meprobamate and for the internal standard.
The sample injections could be made about every seven min-
utes without any apparent effect on quantitation, separation
or background.

Peak areas relative to the internal standard were used
to calculate the concentration of unknown samples. Peak

height, though simple to estimate, did not give reproducible
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results.

Dibutylphthalate was found to be a satisfactory inter-
nal standard, since it eluted shortly after the meprobamate
and appeared as a symmetrical peak.

The relative response of the instrument was linear over
the range of 50 - 400 mcg of meprobamate per ml of solution.
This has been shown from the linear relationship between
the peak areas ratios of meprobamate and internal standard.

The standard deviation of eight analyses of an aqueous
solution containing 200 mcg of meprobaméte per ml of solu-
tion was 2.2%, indicating a satisfactory precision of the
gas¥liquid chromatographic procedure.

4. Solubility an& Dissolution Rate Studies

The characteristic dissolution behavior of Form II
showed a peak concentration followed by a decrease with
time. When the powder particles of Form II ﬁere added to
water, transport of the solute from the surface of the dis-
éersed particles took plade. This resulted in a concentra-
tion higher than that of Form I and the initial dissolution
of Form II was related to the solubility of Form II. When
the bulk liguid became supersaturated, Form I started to
crystallize out on the surface of the solid. Dissolution
then proceeded from the mixture of two polymorphic forms
and the concentration of Form II decreased gradually and
finaliy the saturated concentration fell essentially to that
of Form I. |

Higuchi and co-workers (50) have shown that the
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dissolution rate remains within 99% of the pure Form II from
time t = 0 until t = t', where t' is given by

2
0.0leh AII

t! = —
TCSIID

where € porosity of the Form I residue layer
h = thickness of the diffusion layer

A;p = amount of Form II per unit volume in the»originél

mixture
T = tortuosity of the Form I layer
Cc 11 - solubility of the Form II

D = diffusion coefficient.

The concentration of Form II at the maximum point was‘
about twice the solubility of Form I at the same temperafure.
When the dissolution reached equilibrium, the crystals formed
were examined by X-ray diffraction and confirmed the com-
plete transformation of Form II to Form I.

Thermodynamic Properties:

The thermodynamic properties calculated in Chapter IV
are based on the assumption that Henry's law is obeyed.

It has been reported (283) that the internal energy of
an organic crystal depends upon the packing density of the
molecules and that the entropy of the crystal is affected
by the symmetry of the molecule. The crystal of an organic
compound with a closest packed arrangement of molecules has
the minimum free energy. The small free energy difference
and the low entropy value obtained for this compound can be

ascribed to the small meprobamate molecules which are
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symmetrical and are able to pack closely in the crystal
lattice.

Higuchi (180) has reported that the in vivo availability
of the drug is often directly related to the thermodynamic
activity of the system and many workers (246, 256) subse-
quently'confirmed this hypothesis experimentally.

Aguiar and co-workers (248) reported the effect of poly-
morphism on the absorption of chloramphenicol palmitate and
obsérved a higher and faster absorption from the metastable
form. Aguiar and.Zelmer (246) calculated the thefmodynamic
data for polymorphs of chloramphenicol palmitate and mefe-
namic acid, and foﬁnd a relatively laréér free energy dif;
ference between the polymorphs A and B of.chloramphenicol
palmitate but onlg a small free energy difference between
the pol&morphs I and II of mefenémic acid. These workers
co;related the free energy differences with the absorption
tates of thesé drugs and conqluded that the differences
found in the absorption of chloramphenicol palmitate poly-
morphs A and B could‘be attributed to the relatively largé
free energy difference between the polymorphs. On the other
hand no appreciable difference in the absorption of mefenamic
acid polymorphs was observed and this was believed to be due
to the smaller free energy difference.

Free energy differences, AFT, between the polymorphs A
ané B for chloramphenicol palmitate, Forms I and II of
mefenamic acid, anhydrous-trihydrate ampicillin system

together with the values obtained for polymorphs of meprobamate



149
are given in Table XXXIV.
Table XXXIV

Free Energy Differences of Various Polymorphic Systems
and Anhydrous-Trihydrate Ampicillin System

AF398 AF303

System cal mole~1 cal mole-1 Reference
Chloramphenicol
palmitate Poly-
morphs A and B - =744 246
Mefenamic acid
polymorphs I and II .- -251 246
Meprobamate Forms
I and II ~-369 -402 This work
Anhydrous-
trihydrate
ampicillin -430 - 256

The results of the present investigation suggest that
a greater biological availability may exist with meprobamate
Form II than Form I. Further, the rate of absorption of a
drug is often limited by its dissolution rate. A higher and
faster absorption for chloramphenicol palmitate polymorph B
and anhydrous ampicillin was attributed to their highef sol-
ubilities which were maintained for a long period of a mini-
mum of 2 days for'chloramphenicol palmitate polymorph B and
7 hours for anhydrous ampicillin. Although the mefenamic
acid Form II initially had a greater solubility than Form I,
the solubility decreased rapidly. Aguiar and Zelmer (246)

found that at 30°C, the solubility of mefenamic acid Form II
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in dodecyl alcohol decreased to Form i in 2.5 hours.

Higuchi and co-workers (50) studied the effect of the sol-
vent system on sulfathiazole polymorphs and reported that
the reversion of sulfathiazole Form II to Form I must be
more rapid in water than in organic solvents. The rever-
sion of mefenamic acid Form II in water can therefore be
expected to be less than 2.5 hours. This may be the reason
why no appreciable difference in the absorption of mefenamic
acid as Form I and Form II was observed.

Form II of meprobamate has a greater solubility than
Form I in distilled water. The solubility of meprobamate
Form II remains higher than that of Form I for about 28
hours at 30°C. Because of the slow reversion of meprobamate
Form II to Form I a higher rate of in vivo availability may
be obtained when Form II is used.i

Since Form II was found to be stable at room température,
formulations made using meprobamate Form II may be expected
to remain stable for a minimum of (ne year.

It has been suggested that the difference in the dissol-
ution rates of different crystalline forms may be due to the
existence of the crystal defects. As meprobamate Form I was
heated to 110°C in the preparation of Form II, small amounts
of decomposition products may be formed and produce these
crystal defects, thus giving a higher thermodynamic activity

of Form II.
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B. MULTICHANNEL COULTER COUNTER ASSEMBLY FOR DISSOLUTION

RATE STUDIES

1. Dissolution Rate Studies of Micronized Hydrocortisone

Acetate

Edmundson and Lees (43) sugéested that the dissolution of
a crystal is essentially an etching process, where a given
surface recedes at a constant rate in conformity with the

equation
t (Equation 12; Chapter II)

If this is true, then the curves obtainéd when the cumu-
lative counts were plotted against the radius of the particle,
as shown in Figure 24, should all have the.same shape but be
displaced hoiizontally an equai distance during equal time
intervals. With micronized hydrocortisone acetate, this
did not appear to be the case.

From the curves shown in Figure 24, it can be seen that
the rates of decrease of particle radius during the 90 seconds

8

to 490 seconds period are 3.8 x 10°° cm sec_1 for particles

8 cm sec”! for particles

of radius 1.3 to 1.6 u and 6.0 x 10
of radius 0.8 to 1.3 u.-

| Edmundson and Lees (43) reported on the dissolution rate
of recrystallized hydrocortisone acetate of about 15 to 30 u
diameter range in 1% agueous sodium chloride solution, using
the Coulter countef. They gave a value that corresponds to

8

2.3 x 10~% cm sec™! radius loss. The results obtained in

this study are in fair agreement with the reported resuits
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of Edmundson and Lees and show that there is a higher rate
of recession of the solid surface in the case of the smaller
particles.

Higuchi (42) has given a derivation of an equation based
upon the assumption that the rate of dissolution is con-
trolled by diffusion of drug molecules across the boundary
layer surrounding the particles.

According to the Higuchi equation

2 2 DAC

a” = a - 2—= {Equation 10; Chapter II)
p .
where a = radius of particle at time t = t
ag = radius of particle at time t = 0.

To test the application of this equation to the data
obtained using the multichannel Coulter counter assembly,
plots of cumulative cbunts against (diameter)2 were constructed.
If the equation is applicable, then these curves should be
displaced along the abscissa with time but without changes
in shape. This was found to be true with the materials
studied. 1In the above equation, AC is the difference between
the solute concentration at the surface of the particle,
and the solute concentration in the bulk of the solution.

If AC is constant then the horizontal displacement between
these curves should be constant in equal time intervals,

- and this was found to be the case.

For hydrocortisone acetate the equation obtained was

a? = ao2 - 1.2 x 107 con? secl.
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Since the quantity of the solid used corresponded to
about 10% of that required for saturation, so that the AC
remained essentially constant and did not decrease by more
than 10%, the uniform shape of the curves was expected.

All the factors in the Higuchi equation are known, or
can be calculated. The diffusion coefficient, D, was esti-

mated from the Stokes~Einstein equation

D = _EE%;_ (eq. 29)
where D = diffusion coefficient
k = Boltzmann constant, 1.38 x 10-]'6 ergs deg-l molecule_l
T = absolute temperature, 298.2°K
v = viscosity of the solvent, =0.0091 poise
s = hydrodynamic radius of the hydro-';-“
cortisone acetate molecule, 5.0 x 10”8 cm.
The value of "s" was calculated from the following
equation:
. %ﬂSBP = % (eq. 30)
where M = molecular weight of hydrocoftisone acetate, 404.51
N = Avogadro's number, 6.03 x 1023 mole™?!
p = density of hydrocortisone acetate, 1.289 (43).
The diffusion coefficient, D, was obtained to be 4.8 x 107° cm?
sec™ L, |

Substitution of this value into the Higuchi equation gave

a’ = adz - 7.4 x 1071 cm? sec”!

which is in fair agreement with the experimental value.
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2. Dissolution Rate Studies of Micronized Griseofulvin

For micronized griseofulvin the rates of particle de-

crease were found from the Figures'26 and 28 and were cal-

8

culated to vary between 6.0 x 10 ~ cm sec™!, for particles

of radius 1.3 to 1.6 u, and 8.4 x 10~ % cm sec-l, for particiés
of radius 0.8 to 1.3 u.

Using the equation for the diffusion controlled theory
of dissolution the results for the microniéed griseofulvin

obtained from Figures 27 and 29 fit the equations

a? = ao2 - 1.9 x 1071 cm? sec”?

for 0.05% Tween 80 solution in normal saline, and

a? = ao2 - 2.3 x 1071 cn? sec™?

for 0.1% Tween 80 solﬁtion in normal saiine.

The diffusion coefficient for micronized griseofulvin
was calculated theoretically from the Stokes-Einstein
equation. The value obtained gave the equations

2 2 11 2 -1

a® = a-7.2x 10" " cm” sec

for 0.05% Tween 80 solution in normal saline, and
a? = ao2 - 8.8 x 107 cm? sec”?!

for 0.1% Tween 80 solution in normal saline.

These results are in fair agreement with the experimental
values.

For micronized griseofulvin essentially the same results
were obtained for rate of dissolution in both the 0.05% and
0.1% Tween 80 solutions in normal saline. Because of the

relatively large static charge and higher surface energies,

micronized griseofulvin powder exists in the form of
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agglomerates and wetting is essential to maintain the
material in a uniform dispersion; The surfactant helped
to wet the griseofulvin powder.

Agreement of the results with the Higuchi equation
indicates that the rate-determining step in the dissolution
of micronized hydrocortisone acetate and griseofulvin in
the systems studied is the rate of diffusion of drug mole-
cules across the boundary layer surrounding the particle;

Based upon the lower experimental value of the constant
in the Higuchi eqﬁation it appears that the dissolution
rates of materials studied were lower than the calculated
theoretical values. In the case of ﬁicionized hydrocortisone
acetate, this could be due to incomplete wetting of the pow-
der. However, for micronized griseofulvin Tween 80 aided in
wetting the powder so this was not the explanation in this
case. The concentrations of Tween 80 in normal saline dis-
solutioﬁ media were above the critical micelle concentration
(285). The increase in the solubility of the drug in the
presence of Tween 80 in the dissolution media was due to the
micellar solubilization. Elworthy and Lipscomb (286) reported
on the dissolution of griseofulvin in nonionic surfactants
and suggested that the griseofulvin molecules were situated
within the micelles, adjacent to the hydrocarbon region of
the surfactant. Because of the lower activation energy in
the presence of surface.active agents transfer of griseofulvin
molecules from the crystal to the solution is probably facili-

tated, thus giving a higher dissolution rate (287). If the
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drug molecules are associated with the micelles of Tween 80,

then a smaller diffusion coefficient can be expected (42),

in accordance with our experimental results.

3. Limitations and Advantages of the Multichannel Coulter

Counter Assembly

Calculations of Weight Percent Materials Disso.lved

The weight of, the materials, Wt' dissolved during the
time intervals between particle counts was calculated from
thé following equation, in which the assumption is made
that the particles are spherical.

1r(d23 - d13) PANV ‘
W, = (eq. 31)

t 6V
S

where d2 diameter of particles at time t2, In

d, = diameter of particle at time L

3

p = density, gm cm ~, 1.289 for micronized hydro-

cortisone acetate (43), and 1.440 for micronized

griseofulvin (288)

AN = number of particles with the size range considered

Vm = volume of dissolution medium, 200 ml
Vs = sample volume, 0.25 ml for micronized hydro-

-cortisone acetate and 0.20 ml for micronized
griseofulvin.
The calculated weight of the materials dissolving

during the time intervals between the particle counts was

about 15% of that calculated from the results of the chemical

analysis during the same time intervals. This was expected

since particle counts were made over only a relatively narrow
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range of sizes.

In dissolution rate studies, thé aperture current and
amplification settings-Werg not altered and the complete size
distributions could not be obtained. Using the constant
aperture current and amplification settings, a lower and
upper limit of about 1.6 p and 3 u respectively were obtained, -
‘which represented about 20% by weight of the material for
micronized hydrocortisone acetate and about 55% by weight
of the material for micronized griseofulvin. The contri-
butioné to the amount of drug in solutionlmade by the par-
ticles outside of this range could not be estimated from the
experimental results. |

Evaluation of the Method

The experimental results show that the multichannel
Coulter counter assembly is a useful apparatus for determin-
ation of particle size distributions. The method offers two
main advantages over the Coulter counter used as a single
channel instrument.

1. The Sspeed of data'acquisition is increased, permitting
the use of the method for kinetic studies and for dynamic
systems.

2. The error involved in setting fhe threshold is avoided.
This is particularly important for materials with narrow
size distributions.

The method, however, has the same general limitations as
of the Coulter counter.

The lower limit of particle size observed using a 50
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aperture tube was about 1.6 p as compared to the suggeéted
lower limit of 1 u. This may be due to the thermal effects
or to background noise. Samyn and McGee (289) observed a
loss of count in samples meeting the suggested size limits
of Coulter counter, that is, 2% to 40% of the aperture dia-
meter. They suggested that this was due to the presence of
larger particles in the sample. It was reported that the
100 ¥ aperture tube can accurately méasure down to 2 u, the
suggésted lower limit, only if all the particleé above 10 u
are removed from the sample. This éffect can be obserVed
even when the size distribution is ﬁarrow (290).

The Coulter counter gives no information about particle
shape and only me€asures thevdv, the diameter of an €quivalent
sphere (43). Further, if the particles are highly anisomet-
ric, the response of the Coulter counter may not be propor-
tional to the particle volume. A diameter error of about
3% has been calculated theoretically for a system consisting
of a non-conducting prolate spheroid with an axial ratio of
4.0 (291). |

In kinetic studies, the multichannel Coulter counter
assembly has the limitation that the lower and upper limits
of particle size are kept constant because the aperture
current and amplification settings are not altered during

the dissolution study.
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CHAPTER VI. SUMMARY
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1. The existence of two polymorphic forms of meprobamate
has been confirmed by melting point, infrared spectroscopy.,
X-ray diffraction and differential thermal analyser calori-

netry.

2. A gas-liquid chromatographic method has been developed

for the quantitative determination of meprobamate in water.

3. The solubility and the relative rates of dissolution in
water of both the forms of meprobamate have been determined
over a temperature .range of 25 to 40°C. The Form II was
found to be significantly more soluble than the Form I at

all temperatures studied.

4. The thermodynamic values have been calculated for mepro-
bamate Form I and Form II. It is suggested that a greater
thermodynamic activity of Form iI and its slow reversion to

Form I may give a higher in vivo availability.

5. A multichannel analyser was assembled with the Coulter
counter, and ﬁsed for determinations of the size disﬁributions.
The size distributions obtained using the Coulter counter in
conventional mode, and a microscope, agreed well with those

obtained using this unit.

6. The multichannel Coulter counter was used to follow the
change in particle size distributions of micronized hydrocor-
tisone acetate and griseofulvin powders in electrolyte solu-

tions in studies of dissolution rates.
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