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Abstract 0 A bead-bed dissolution apparatus for suppositories was 
evaluated by measuring the release of benzocaine from various vehicles. 
During dissolution, suppositories soften, deform, disintegrate, and 
eventually pass through a phase change from a solid to an oil. The control 
of the interfacial area during dissolution is a key factor in obtaining ex- 
perimentally reproducible release data. The proposed suppository dis- 
solution apparatus was designed to provide greater constancy of the ex- 
posed suppository area for dissolution. The apparatus consisted of a glass 
bead-bed containing the suppository. A continuous flow of liquid was 
passed through the bead-bed at  a constant rate. Direct contact of the 
suppository was maintained with the dissolution medium, confining the 
suppository within the beads. 

Keyphrases 0 Suppositories-evaluation of a bead-bed dissolution 
apparatus, drug release rate 0 Dissolution-bead-bed apparatus for 
suppositories, evaluation, drug release rate Drug release-supposito- 
ries, evaluation of a bead-bed dissolution apparatus 

Benzocaine was selected as a model compound with both 
a low melting (33.5-35.5’) and a high melting (37-39”) 
glyceride-type suppository base. In vitro release of ben- 
zocaine decreased as the melting point of the suppository 
increased. Reproducibility of the complete release curves 
was acceptable. Drug release also was affected by the 
temperature of the dissolution media, increasing, de- 
creasing, and increasing again at  certain temperatures. 
This finding was related to the ability of the beads to 
penetrate the surface of the suppository when the sup- 
pository softened. Release profiles, however, were repro- 
ducible a t  the temperature studied. The proposed bead- 
bed dissolution apparatus should offer an improved means 
for measuring drug release from suppositories. 

BACKGROUND 

Suppositories, administered either vaginally or rectally, are utilized 
as a dosage form for various drugs (1). Recent reports investigated the 
use of vaginally administered prostaglandins for fertility control and also 
emphasized certain advantages of this mode of drug therapy, e.g., self- 
administration and single-dose therapy (2-9). This continued interest 

in suppositories and suppository bases (10) has led to the recognition that 
a dissolution test would be helpful during the initial phase of dosage form 
design. In addition, such a test would provide valuable information on 
the effect of storage time and temperature on the subsequent in  uitro 
release profile. 

The methods used for testing drug release rate characteristics of sup- 
positories in uitro can be classified in terms of five general types (Fig. 1). 
The first type consists of simple placement of the suppository in a flask 
or beaker (11-15). The second type utilizes an existing tablet dissolution 
apparatus that provides a wire mesh basket for holding the sample 
(16-22). The third and fourth types employ a membrane; the third con- 
sists of a sample chamber separated from a reservoir by a membrane 
(23-33), whereas the fourth employs dialysis tubing or a natural mem- 
brane (33-46). The fifth type involves a flow system in which the sample 
is placed on cotton or a wire screen (47,48). 

One basic problem in testing for drug release from a suppository is that 
the suppository softens, deforms, melts, or disintegrates during the test, 
exposing a variable interfacial area to the dissolution medium. Because 
the release rate is dependent on the interfacial area, the variability of this 
factor leads to poor test reproducibility. 

Membranes have been used to control the interfacial area on the 
principle that when the suppository softens, it would spread over the 
entire membrane, restricting the area exposed to the dissolution fluid. 
Bhavnagri and Speiser (24) designed a type three apparatus with a rel- 
atively small sample chamber. Others (39,42) used a relatively small bag 
in a type four apparatus to restrict the interfacial area. 

The need to control the interfacial area is important, but the intro- 

‘. *. 3. 
BEAKER BASKET MEMBRANE DIFFUSION 

DIALYSIS CELL CONTINU~;S FLOW 

Figure 1-Suppository dissolution methods. 
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Figure %--Continuous flow bead- bed suppository dissolution apparatus. 

duction of an additional physical process, i .e.,  membrane transport, 
complicates matters and may mask the real release characteristics for 
certain drug-suppository base combinations. Therefore, a flow-through 
technique was developed in which the suppository is secured in a bed of 
glass beads. This arrangement controls the interfacial area for most 

I 

T I I I 1 1 I 

20 40 60 SO 100 120 140 
MINUTES 

Figure 3-Release of benzocaine from Base A suppositories on different 
days at 37' (original dissolution chamber). Key: a, Day 1;  0, Day 2; 0, 
Day 3; and A, Day 3. 

-glass 

fritted 
filter 

beads 

disk 

suppository bases, yet allows direct contact between the suppository and 
the dissolution medium. 

EXPERIMENT A L 

Suppository Preparation-The suppositories were prepared by first 
dissolving an appropriate amount of benzocaine' (ethyl p -aminoben- 
zoate) in the melted base to yield a benzocaine concentration of 0.125% 
(w/w). The suppository bases, designated A* for the low melting 
(33.5-35.5') and B3 for the higher melting (37-39'), were melted at 5-10' 
above their melting points. The melt then was poured into aluminum 
suppository molds and allowed to cool at room temperature, and the 
excess base was scraped away after solidification. The molds were cooled 
further a t  room temperature (Base A) or in a refrigerator (Base B) for 
30 min, and then the suppositories were ejected from the molds. 

The molds consisted of tapered cavities drilled into an aluminum block. 
The taper permitted easy removal of the suppositories. The suppositories 
were 800 mg, 1.91 cm long, and 0.75 and 0.79 cm in diameter at the ends. 
The amount of benzocaine in each suppository was 1.0 mg. 

Design of Release Apparatus-The release rate apparatus was de- 
signed to provide reasonable control over the interfacial area for drug 
dissolution (Fig. 2). A continuous eluent flow is maintained over the 
suppository contained in a bed of glass beads. The eluent starts in the 
150-ml jacketed beaker, which is covered with an acrylic resin disk. When 
the pump4 is started, water is drawn through polyethylene tubing (3 mm 
0.d. X 2 mm i.d.) from the 150-ml jacketed beaker to a 1-cm flowcell in 
the UV spectroph~tometer~. From the spectrophotometer, the water is 
drawn into a preheating glass coil (glass automated analyzer coil, 1.5 cm 
in diameter X 16 cm in length). The glass coil is submerged in the water 
bath6 to allow the water temperature to equilibrate before reaching the 
sample chamber, which also is submerged in the water bath. The water 
leaves the glass coil and enters the sample chamber from the top. 

Pfaltz & Bauer, Stamford, Conn. 
Witepsol H-15, Dynamit Nobel Chemical, Oberlar, West Germany. 
WiteDsol E-76. Dvnamit Nobel Chemical. Oberlar. West Germanv. . -  

4 Lab pump RRP, Fluid Metering Inc., Oyster Bay, N.Y. 
6 Beckman DB with recorder, Beckman Instruments, Fullerton, Calif. 

Tamson PMT, Neslab Instruments, Portsmouth, N.H. 
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Figure 4-Release of benzocaine from Base B suppositories on different 
days at 37' (origina2 dissolution chamber). Key: 0, Day 1; 0, Day 1; (7, 

Day 3; and A, Day 3. 

Originally, the chamber consisted of two 15-ml Buchner fritted disk 
filters connected a t  the top by Tygon tubing and a clamp. The present 
chamber consists of two sections. The bottom section is a 15-ml coarse 
Buchner fritted disk filter modified with a 24/40 glass joint at the top and 
an outlet tube narrowed to  4 mm 0.d. X 2 mm i.d. The top half is a 24/40 
hose-connecting joint modified with an inlet tube narrowed to 4 mm 0.d. 
X 2 mm i.d. The water travels through the glass bead-bed (3-mm diam- 
eter, chemically resistant glass balls) and around the suppository. The 
dimensions of the cell containing the beads is 2.6 cm i.d. and 6.2 cm long. 
The original chamber was 2.3 cm i.d. and 4.6 cm long. The water leaves 
the test chamber, is drawn into the pump, and is pumped back into the 
150-ml jacketed beaker, which is stirred by a magnetic stirrer. 

Procedure-Before a release rate experiment was begun, a water 
baseline was established by adding 130 ml of deionized water to the 
150-ml jacketed beaker. The water bath was adjusted to the appropriate 
temperature, and the system and water were allowed to equilibrate. 
Temperature was controlled within f0.1". The test chamber then was 
half-filled with glass beads. A weighed suppository was inserted into the 
center of the chamber, using a plunger assembly that allowed the operator 
to position the suppository reproducibly. The remainder of the chamber 
was filled with glass beads, and its upper section was connected. The 
chamber then was lowered into the water bath along with the glass coil 
and fixed into an upright position. The pump was started immediately 
in the reverse direction, allowing the water to fill the test chamber from 
the bottom up. As soon as the entire system was filled, the flow was re- 
versed so that the water flowed from top to bottom in the chamber. 

20 40 60 80 100 120 
MINUTES 

Figure 5-Replicate 3 7 O  dissolution experiments for the release of 
benzocaine from Base Busing the modified dissolution cell. Key: 0 and 
O, Day 1; and A and 0, Day 2. 
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Figure 6-Comparative release of benzocaine from Base A (4 and B 
(0)  suppositories at  37'. 

The flow rate was controlled at  30 f 0.5 ml/min. Drug release was 
monitored with a UV spectrophotometer (282 nm) equipped with a re- 
corder. The cumulative amount released with time was calculated from 
the recorder tracings by converting absorbance to  concentration and 
multiplying by the volume of the dissolution medium. Before each run, 
the UV spectrophotometer was checked with two solutions of known 
benzocaine concentrations to assure that absorbance was linear with 
concentration. 

RESULTS AND DISCUSSION 

The concept of a flow system employing a bed of beads was shown to 
be useful for studying dissolution rates of solids. A system for testing 
tablets and granules in which the sample is placed within the bed was 
described previously (49). Reproducible dissolution rates for drug pow- 
ders were obtained (50) by mixing the powder with a diluent and placing 
the mixture between two layers of glass beads in a flowcell. Rippie and 
Huq (51) used a flowcell containing several layers of glass beads in which 
the bead size was reduced successively. Drug powder, introduced at the 
top, then migrated through the bed as dissolution occurred. These recent 
reports demonstrate the distinctness of this type of system opposed to 
the usual vessel and flow systems used for dissolution testing. 

Suppository drug release is influenced by factors such as: drug-vehicle 
interactions; vehicle composition; crystalline form of the vehicle (poly- 
morph); solubility, partition coefficient, and drug permeability in the 
vehicle; particle size of the drug (dispersed system); and drug concen- 
tration in the vehicle. Experimental parameters such as the temperature 
of the dissolution solvent and flow rate should influence the observed 
release patterns. 

This report presents a preliminary evaluation of the continuous flow 
bead- bed concept using two types of suppository bases with benzocaine 
as the model compound. Benzocaine was selected because benzocaine 
suppositories are marketed and because it has a UV-absorbing chromo- 
phore that allows it to be easily assayed. 

The two suppository bases (A and B) were mixtures of glycerides of 
fatty acids. They possess physicochemical properties representative of 
the many vehicles purchased from commercial suppliers (10) and have 
been studied with several different prostaglandins (3-5). 

Figures 3 and 4 show the release profiles of benzocaine in duplicate 
from Bases A and B, respectively, on each of 2 different days, using the 
original dissolution chamber. Figure 5 gives the release profiles from the 
new chamber. These data indicate that there was no major difference 
between the two chambers (i .e. ,  within 10%). 

The replicate runs were performed within 3 days to avoid any potential 
effects of a polymorphic change of the base on the drug release rate. The 
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Figure 7-Photographs of suppositories after 2 hr (37') in the bead-bed 
dissolution apparatus. Scale marker = 0.31 cm. 

thermal behavior of Base B (with benzocaine) was verified by differential 
scanning calorimetry; these scans were invariant with time7. The disso- 
lution results indicate very good reproducibility of the data. Comparisons 
of the 15 time points on the curves from four runs gave an average relative 
standard deviation of 6.13% for Base A and 3.36% for Base B. Therefore, 
95% of the time the complete release profile will be reproduced with a 13% 
variation for Base A and a 7% variation for Base B. 

Release from the bases is compared in Fig. 6. The bars represent the 
standard deviation of the points. The percentages of benzocaine released 
during the first 30 min were similar, but the lower melting Base A ex- 
hibited a much faster release at  later times. Figure 7 shows the physical 
form of the two bases after 2 hr in the bead-bed at 37'. They were allowed 
to solidify at  room temperature before removal. 

The low melting Base A softened and stayed within a confined region 
of the bead-bed. The higher melting Base B maintained its form, showing 
slight indentations from the beads. Suppositories of these types do not 
show complete melting at 37' but rather a softening of the suppository 
matrix. At  temperatures well above their melting points, total liquefaction 
takes place. The degree to which the beads actually penetrate the sup- 
pository depends on the thermal behavior of a given suppository. 

The similar early release of benzocaine from the two bases most likely 
results from the fact that they initially are both rigid. It requires time 

1 After -1 month of storage at 25', the differential scanning calorimetric curves 
began to change with a concomitant decrease in the release profiles. Alteration in 
the thermal behavior of semisynthetic bases was recently reported (52). 
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Figure 8-Release of benzocaine, plotted as the square root of time, 
from Base A (0) and B (A) suppositories at  37'. 

before the suppositories soften sufficiently to detect significant differ- 
ences in release. Visual examination of Base A after 5 and 20 min sup- 
ported this view. After this time, bead penetration restricts the area for 
drug release. Therefore, in uitro release from Base A is actually higher 
than observed. Plota of the percent released uersus the square root of time 
were linear with correlation coefficients of 0.990 and 0.996, respectively 
(Fig. 8). This type of release kinetics follows the matrix-controlled release 
theory previously developed (53). It is particularly applicable to Base B, 
which maintained its shape (constant surface area) during the test pe- 
riod. 

To investigate bead penetration further, the influence of temperature 
on the release of benzocaine from Base B was studied in more detail. 
Release curves as a function of temperature are presented in Fig. 9. The 
release profiles did not increase as a direct function of temperature. For 
example, release increased from 33 to 37', with 39 and 40' data being 
comparable to the 33' run. 

The fastest release profile was achieved at 45' where complete melting 
of the base occurred. At f i t ,  this overall temperature dependence seemed 
surprising. However, close examination of the physical state of the sup- 
pository in the beads provided the reason for this behavior. While the 
suppository was in the dissolution apparatus, it softened and eventually 
melted. As it softened, the beads became impressed within the supposi- 
tory (Fig. 10). At 39 and 40°, the beads penetrated the surface of the 
suppository, thereby reducing the surface area available for drug release. 
Once the base melted completely (e.g., 45'), release increased again due 
to the spreading of the oil in the bead-bed. A t  this temperature, oil 
globules were found floating at  the top of the beads. Although release was 
temperature dependent, it was reproducible a t  the temperatures studied. 
This finding supports the continued evaluation and development of this 
apparatus, which is particularly well suited for suppositories that rea- 
sonably maintain their shape during the dissolution process. 

In view of the influence of the beads on release at  temperatures that 

20 40 60 80 100 12% 
MINUTES 

Figure 9-Dependence of benzocaine release from Base B suppositories 
as a function of temperature. Key: A, 45'; m, 40'; 0,39'; 0,37'; and 
A, 33'. 
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Figure 10-Photographs of Base B suppositories after -2 hr ( 3 7 O )  in the bead-bed dissolution apparatus. Scale marker = 0.31 cm. 

cause deformation of the base, further refinements of the bead-bed ap- 
paratus are anticipated. Consideration will be given to maintaining the 
beads in a stationary position, thereby eliminating the dynamics of bead 
penetration. This can be accomplished by using a preformed bead cavity 
as a mold or a porous gel instead of the beads. 
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Abstract 0 The effect of caffeine on the absorption of ergotamine from 
the rat small intestine was studied. The results of a series of experiments 
showed that caffeine significantly enhanced absorption of ergotamine 
from solutions of pH 5.0 when both substances were in solution and when 
an intact blood supply was either absent (in uitro everted sac experi- 
ments) or present (in situ experiments). Caffeine did not appear to in- 
fluence the absorption rate of ergotamine in in situ experiments when 
the solution pH was 3.0. Isosorbide dinitrate, a vasodilator, enhanced 
ergotamine absorption when both substances were administered simul- 
taneously into intestinal loops in situ. Isosorbide dinitrate probably 
exerts its effect by increasing blood flow to the intestine. The results are 
consistent with an hypothesis that the rate-determining step in ergot- 
amine absorption is the transport of the drug from a lipid phase (GI 
membrane) into an aqueous phase (blood). Caffeine is thought to exert 
its rate-accelerating effect by increasing the water solubility of ergotamine 
neutral molecules. 

Keyphrases Caffeine-effect on ergotamine absorption from rat small 
intestine, in uitro and in uiuo studies 0 Ergotamine-effect of caffeine 
on absorption from rat small intestine, in uitro and in uiuo studies 0 
Absorption-ergotamine, effect of caffeine on absorption from rat small 
intestine, in uitro and in uiuo studies 0 Analgesics-ergotamine, effect 
of caffeine on absorption from rat small intestine, in uitro and in uiuo 
studies 

Ergotamine tartrate is widely used in the treatment of 
migraine (1,2). When administered parenterally, it is ef- 
fective in relieving migraine pain (3,4), but oral adminis- 
tration often affords no relief (5 ,6) .  Regardless of the route, 
ergotamine must be administered early in an attack to be 
effective (7). The frequent failure of oral ergotamine 
therapy appears to be related to its relatively low water 
solubility (1500) and the fact that its absorption from the 
GI tract into the systemic circulation often is slow or im- 
paired during a migraine attack (4-9). 

Simultaneous oral administration of caffeine and er- 
gotamine results in more effective therapy than ergotamine 

administered alone (10-12). Recent pharmacokinetic 
studies in humans indicated faster and more complete 
absorption of ergotamine after oral administration when 
it is combined with caffeine (13). Zoglio et al. (14) con- 
ducted in uitro experiments to elucidate the mechanism 
by which caffeine enhances ergotamine absorption; caf- 
feine increased the solubility and dissolution rates of er- 
gotamine in 0.1 M HCl and in 0.1 M phosphate buffer (pH 
6.65) and was claimed to accelerate the partitioning of 
ergotamine from an aqueous (pH 6.65) to an organic 
(chloroform) phase. These observations led to the con- 
clusion that the solubilizing effect of caffeine on ergot- 
amine in water is the major factor in its enhancement of 
oral ergotamine migraine therapy. 

The present study was undertaken to determine the 
effect, if any, that caffeine has on ergotamine absorption 
across the rat small intestine when both substances are 
dissolved. 

EXPERIMENTAL 

Ergotamine Assay-Ergotamine concentrations were calculated from 
the results of reversed-phase high-performance liquid chromatographic 
(HPLC) assays (15). The mobile phase was acetonitrile-1% sodium ac- 
etate/acetic acid buffer (55:45) at pH 6.5. The stationary phase was a 
10/25 ODS column, and ergotamine was detected by fluorescence spec- 
trometry (Aex = 325 nm; A,, = 407 nm). 
In Vitro Studies (Everted Sac Technique)-Adult male Hooded 

Wistar rats, 240-280 g, were fasted in cages designed to prevent co- 
prophagy for at least 12 hr before sacrifice. Water was allowed ad libitum. 
The rats were killed by a blow on the head. The small intestine was re- 
moved immediately, rinsed with Krebs-Henselite solution, sleeved onto 
a glass rod, and everted carefully. The first 15 cm, beginning with the 
pylorus, was discarded, and the next 8-cm segment was used in the ex- 
periments. 

The segment was attached to a cannula at the proximal end, trimmed 
to 7 cm, and ligated a t  the distal end so that 6 cm of the everted intestine 
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