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ABSTRACT
The entrapment of d-propoxyphene in ethylcellulose pseudo-
latex systems was studied. Heat of fusion measurements were used
to determine the extent of molecular scale entrapment. When
AH_ = 0, the drug was assumed to be entrapped on a molecular

f.‘
level while Avaalues greater than zero indicated the presence
of crystal structure. Zeta potential measurements were also used
to indicate the point of maximum entrapment efficiency. A good

correlation was obtained between zeta potential and heat of

fusion measurements.
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INTRODUCTION

Molecular dispersions of a variety of types, have increas-
ingly been emploved for entrapment of drugs. In some instances,
the goal of molecular dispersion is the enhancement of the drug's
bioavailasbility. for example, a solid solution of griseofulvin
in a high molecular weight polyethylene glycol has recently been
marketed with enhanced bloavailability. Other molecular disper-
sions are designed to produce prolonged drug release effects.
Regardless of the form of the molecular dispersion, or its phar-
maceutical purpose, the performance of the product may be ex-
pected to be related to the completeness of the dispersion, i.e.,
the presence or amount of crystalline drug and its ratio to
moleculary dispersed drug. Improved physical-analytical methods
are needed to characterize the entrapment ratios (molecularly dis-
persed to crystallime drug) for quality control purposes. Ad-
ditionally, such methods are needed for research and development
purposes to study new molecular dispersion systems utilizing new
drugs in established systems; to develop new or improved systems
{utilizing FDA appraoved polymers for example), or to evaluate the

best processing methods for the maximum molecular dispersion.

ME THODS

Latex Preparation - Ethylcellulose, premium grade, (10 cps) was

prepared as a pseudolatex as previously described (8). A model
drug, propoxyphene (E1i Lilly Co.) was entrapped from an organic

solvent by the molecular entrapment procedure reported previously

(1-7).
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Determination of Zeta potential - One-~half gram of each pseudo-

latex was diluted in 50 ml of distilled water and the zeta poten-
tial was determined using a.Zeta-Meter at 50 V at 22°C ¥ q.5.

The counting scale used was 8X and the total magnification was
120X. For all samples the specific conductance was under 20
vmhos/cm.  The zeta potentials were calculated from the electro-
phoretic mobilities using the Helmholtz-Smuluchoski equationg.

In all cases the particle analyzed was negatively charged. At
least three replicates were made for each pseudolatex.

Measurement of the transition energy, AH., of the d-propoxyphene

in the dried latex - Pseudolaticies containing various amounts of

d-propoxyphene were evaporated to dryness in a rotary evaporator
at 45°. The water remaining was less than 1% as determined by a
moisture balance. The temperature of transitionlU was determined
with a differential scanning calorimeter calibrated with Indium.
The measurement of the area under the curve provided the direct
base for the calculation of the energy needed for the transition,
AHf. The determination of the area was dane by measuring the
weight of the endothermic peaks of the latex and subsequent com-

parison with the standard Indium peak. The heat of transition

was calculated by the following general equationll

AHf st . wst 'Asa
AHf sa
wsa ) Ast
where
AH]C sa ° Transition energy of sample
AHF st O Transition enerqgy of standard
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A = Ueight of standard

= Vleight of sample

ay = Area of peak of standard

%sa = Area of peak of sample

At least six replicates were made for each d-propoxyphene/ethyl-

cellulose pseudolatex.

X-Ray Diffraction Study of Polymer Containing Drug - X-ray dif-

fraction patterns were obtained with copper K-2 radiation gen-
erated at 40000 V using a General Electric XRD-5 source and the
General Electric powder diffraction camera, 143.2 mm diameter.
Half millimeter glass capillary tubes were used to rotate the
sample 1n the beam over a 24 hour period.
pH HMeasurement - All pH determinations were made on a pH meter
{Sargent-Uelch model NX) equipped with a nlass electrode (Sargent-
deleh type 5 - 300Fz - 15) at 22°C.
RESULTS AND DISCUSSION

Molecular scale entrapment implies that the crystal struc-
ture of the drug has been eliminated during the entrapment pro-
cess. [t is obvious that loss of crystal structure will always
aoccur when a drug is subdivided to a molecular level. The heat
of fusion, then, should change from a finite value for the normal
crystalline solid (or for that matter an amorpbous solid), to
zero when the solid is dispersed on a molecular level. In the
latter case there is no bond energy to be overcome as this was
accomplished during the entrapment process, usually by solution

of the drug. Therefore, the magnitude of AHr for entrapped drug
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should permit a determination of the extent of molecular scale
drug entrapment, i.e., if AHF:D. the drug is molecularly entrap-
ped while a AHf 00 indicates crystal structure remains. Figure 1
shows the relationship between AHF for d-propexyphene in ethyl-
cellulose and its concentration in ethylcellulose. It can be

seen that AH. approaches zero when the concentration of d-propoxy-

£
phene is approximately 21%. This would indicate that at concen-
trations up to 21%, the d-propoxyphene is entrapped on a molecu-
lar level. Beyond this level the polymer, ethylecellulose, and/or
the process 1is no longer capable of efficiently entrapping the
d-propoxyphene on a molecular scale. The excess d-propoxyphene
remains as a crystalline solid which is evidenced by a AHf>D

for values greater than 21%.

An interesting method for corroborating the above analysis
is the measurement of the zeta potential of laticies containinag
various concentrations of d-propoxyphene. d-Propoxyphene is a
weak base with a pKa of 9.25. At pH's below the pka it will then
be positively charged and neutral at pH's above the pKa. For the
following discussion it is important to remember from the Experi-
mental section that each of the laticies contains sodium lauryl
sulfate. The final sodium lauryl sulfate concentration after
solvent evaporation was 1%.

Consider the particles in a pH 8.7 environment depicted in

Figure 2. As the concentration of positively charged d-propoxy-

phene increases, the concentration of lauryl sulfate counter ions

at the surface of the latex particle will increase. The surface
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concentration of the lauryl sulfate ions will reach a maximum
when the entrapped d-propoxyphene reaches a maximum, i.e. 21%.

As the concentration of d-propoxyphene is increased further the
excess concentration above Z1% qoes into the bulk solution and
beqins to draw lauryl sulfate 1ons away from the polvmer surface.

If Figure 2 is representative of the entrapment of d-pro-
poxyphene, the zeta potential of the latex should become mare
negative up to the point of maximum entrapment, and then decrease
with further increases in the d-propoxyphene concentration. This
phenomena is shown in Figure 2 with the linme for pH 8.7 showing
the behavior described above. The point of maximum zeta poten-
tial, corresponding to maximum molecular scale entrapment, lies
between 22% and 24%. This corresponds very well with the 21%
obtained from AHr data.

At pH's above the pKa, the d-propoxyphene molecules are
neutral and the zeta potential of the latex should be independent
of the d-propoxyphene concentration. This is confirmed bv zeta
notentials determined at pH 10 as shown in Fiqure 2.

X-ray studies also confirm the above data. At 20% d-propox-

yphene added, the powder diffraction study showed no evidence of
crystallinity; however, crvstallinity is present at the 40% level.
CONCLUSION
The determination of &Hr is an excellent method for deter-
mining the maximum entrapment efficiency for d-propoxvphene. The
in values remain zero as long as the polvmer is able to entrap

the added drug; once the polymers maximum capacity has been reach-
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ed, however, non-zero values of AHF are obtained. This type of
analysis is most likely applicable to other drugs as well.

For a charged drug, zeta potential measurement also indi-
cates the point of maximum entrapment efficiency. It should be
noted that an added benefit accrues from the entrapment of posi-~
tively charged d-propoxyphene as the point of maximum entrapment
at the molecular level also produces maximum suspension stability.
Additional studies involving other drugs are presently in pro-

gress.
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